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This book is dedicated to the trauma victims, as well as the doctors, nurses,
prehospital personnel, and other members of the trauma team who

tirelessly strive to provide optimum care for their recovery.





Foreword

From my recent perspective as the 17th surgeon general of
the United States, along with my prior experiences as a
trauma surgeon, combat experienced U.S. Army Special
Forces medical specialist, paramedic, police officer, and
registered nurse, I have witnessed numerous developments
over the last three decades in the fields of trauma and critical
care. Despite these significant advances, trauma remains
the chief cause of death and disability of individuals
between 1 and 44 years of age; hence, much work remains
to be done.

Trauma is a worldwide phenomenon with profound
public health implications and numerous existent chal-
lenges, including the need for an increased emphasis on
accident prevention; overcoming barriers to care for the indi-
gent, the elderly, and rural populations; and streamlining
and improving disaster response effectiveness.

This two-volume book provides comprehensive cover-
age of all realms of modern trauma management, including
the important aforementioned areas of care, which continue
to impact the outcomes for these vulnerable populations.

Volume 1 focuses on initial management and is
divided into sections that mirror the continuum of care,
including prehospital, resuscitation suite, and perioperative
management. The prehospital section includes chapters on
trauma mechanisms, epidemiology, scoring and triage, and
transport. The authors acknowledge that optimal manage-
ment algorithms for this early phase of care can differ
based on the setting (urban/rural) and the prevailing
geographical, political, and financial conditions. Hospital-
based components of management (e.g., primary survey,
secondary survey, etc.) are meticulously reviewed, including
specific chapters on the critical elements of care (e.g.,
airway management, fluid therapy, etc.). The perioperative
section details the anesthetic and surgical priorities, but
surgical technical details are minimized in favor of global
management guidelines, which are important to all
members of the care team. Important trauma-related con-
ditions are also fully reviewed.

Volume 2 encompasses the critical care management
of trauma and other surgical conditions. These topics are

arranged in sections according to organ systems, with each
chapter dedicated to a specific lesion or critical illness con-
dition. Recent evidence-based principles are fully character-
ized, including the management of abdominal compartment
syndrome, tight glucose control, adrenal suppression, and
thromboembolism, etc. In addition, chapters covering post-
traumatic stress disorder, family centered care, rehabilita-
tion, and palliation at the end of life provide a breadth of
coverage not present in other trauma books.

Chapters in both volumes are co-authored by experts
from complimentary specialties, with surgeons, anesthesiol-
ogists, emergency medicine physicians, and pulmonologists
involved throughout. Specialty sections are written by
medical or surgical sub-specialists with extensive trauma
and critical care experience. Interdisciplinary collaboration
is further evident with chapters co-authored or edited by
experienced nurses, pharmacists, and social workers, as
well as occupational, physical, and respiratory therapists,
among others.

The editors are eminently qualified and have suc-
ceeded in producing an authoritative and comprehensive
book on trauma. Drs. Wilson, Grande, and Hoyt have each
conducted important research and have published and
lectured extensively on numerous trauma-related topics
over the last two decades. They have assembled a superb
table of contents and an expert array of contributors and
associate editors. The editors have also insured that rec-
ommendations are evidence based where possible. Accord-
ingly, the novice will learn in depth about the scientific
basis of the guidelines provided here, and the expert will
be updated on the latest thinking in trauma management.

In summary, this two-volume book is an extremely
valuable contribution because of the importance of the
subject, the fact that the topic has not been so comprehen-
sively covered in one book until now, and because of the
wisdom and insight of the editors.

Vice Admiral Richard Henry Carmona, MD, MPH, FACS
17th Surgeon General of the United States of America
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Foreword

The modern-day management of trauma is multidis-
ciplinary and requires teamwork. The specialists involved
include emergency physicians, anesthesiologists, radiol-
ogists, surgeons, toxicologists, and critical care specialists
along with paramedics, nurses, and technical staff.

Those involved in the management of trauma have
a need for a comprehensive book that spans the entire spec-
trum of trauma management by all specialists, including
prehospital, perioperative, and critical care. This two-
volume book, edited by Wilson, Grande, and Hoyt, does
precisely that. Along with a superbly designed table of
contents, the editors have recruited a world-class group of
contributors from all specialties to write the chapters. The
editors are abundantly qualified to oversee a work of this
magnitude in terms of academic and intellectual strength,
as well as in terms of clinical expertise.

Volume 1 covers the areas of prehospital, emergency
department, and perioperative management. Other impor-
tant trauma-related conditions (e.g., alcohol and drug intoxi-
cation, burns, near drowning, environmental conditions)
and management of unique populations of trauma patients
(e.g., pediatric, geriatric, and obstetric) are also reviewed
by experts in this volume. In addition to reviewing the
key conditions, this volume contains clear guidelines for

medical and surgical decision making in the various stages
of care.

In Volume 2, the critical care management of trauma is
reviewed. This volume proceeds in a logical systems-based
presentation of the conditions and complications commonly
encountered in a modern trauma or surgical intensive
care unit. All of the evidence-based measures recommended
to improve outcomes in critically ill patients are included. In
addition, emerging topics such as the remote evaluation and
management of trauma and critical illness are introduced.

As the only book to cover the full spectrum of
trauma management, this two-volume set is strongly rec-
ommended for all students and clinically active physicians
engaged in the management of trauma and surgical
critical care.

Peter J. F. Baskett, BA, MB, BCh, BAO,
FRCA, FRCP, FCEM

Consultant Anaesthetist Emeritus, Frenchay Hospital
and the Royal Infirmary, Bristol, U.K.

Editor-in-Chief, Resuscitation
Past President, International Trauma Anaesthesia

and Critical Care Society
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Foreword

Three decades ago, as an impressionable resident physician-
in-training at the University of Washington in Seattle, I was
asked to respond with the city’s emergency medical services
personnel on 9-1-1 emergency calls. Working out of the
Harborview Emergency-Trauma Center, I soon began to
recognize how the outcomes of those with severe injury
are often determined, for better or for worse, in the first
few minutes after injury. After accompanying hundreds of
patients from the incident scene, in the back of ambulances,
in the emergency centers, and in operating rooms and inten-
sive care units, I soon learned that a continuity of optimized
care must be stewarded by an integrated team of experts
from many disciplines. In turn, I have always stressed that
an interdependent “chain of survival/recovery” had to be
created with each link being strong and solidly connected
to each other. I have been fortunate to train, perform
research, and provide care in all of those arenas, and thus
appreciate the tremendous expertise and demands required
of each team member at each and every link.

This two-volume book (edited by Wilson, Grande, and
Hoyt) is, in many ways, the first book to examine that entire
spectrum of trauma care. Accordingly, as an emergency
medicine physician originally trained in surgical critical
care and trauma fellowships to challenge sacred cows with
clinical trials, and as a prehospital care trauma specialist
who has since spent many a night responding to out-of-
hospital 9-1-1 incidents, I am now honored to write a
foreword for this book. For those of us who have come
to understand the chain of care and the impact of early
decision making on long-term outcomes, this book is a
tremendous gift.

Volume 1 discusses many of the areas with which I
am quite familiar, namely the initial treatment priorities in
prehospital care, the resuscitation suite, and the periopera-
tive period. These chapters are very current, including
recent citations emphasizing the need for only a few assisted
rescue breaths in conditions of severe circulatory impair-
ment, while also minimizing initial intravascular fluid
infusion in the face of internal injuries resulting from

penetrating trauma. Associated conditions known to con-
found initial trauma care are also expertly reviewed.

Volume 2 covers the critical care management of
trauma and the other emergency surgical conditions
commonly encountered in modern surgical intensive care
units. Recent evidence-based principles of care are provided
for virtually every condition for which such data exist.
In addition, there are chapters focusing on the patient’s
transition to recovery following the critical care period,
including physical, occupational, and psychological rehabili-
tation. For example, it addresses screening and treatment of
posttraumatic stress disorder.

Complementing the breadth of material, the chapters
are co-written by experts from all of the relevant pivotal spe-
cialties, ranging from resuscitologists, emergency medicine
doctors, anesthesiologists, and orthopedists to the spectrum
of surgeons, intensivists, psychiatrists, and rehabilitation
experts. In addition, the co-authors hail from around the
globe, emphasizing the international appeal, perspective,
and orientation of this extremely inclusive, contemporary
book.

Finally, I should also say that the editors are exception-
ally well qualified for a book of this magnitude. They are
all experienced investigators, authors, and international
lecturers on the many topics covered. In summary, this
two-volume book should be considered as mandatory
reading for every clinician actively involved in the care
and management of trauma patients.

Paul E. Pepe, MD, MPH, FACEP, FCCM
Professor of Surgery, Medicine, Public Health

and Riggs Family Chair in Emergency Medicine,
University of Texas Southwestern Medical Center

and the Parkland Emergency Trauma Center
Director, City of Dallas Medical Emergency Services

for Public Safety, Public Health, and Homeland Security
Dallas, Texas, U.S.A.
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Foreword

Physicians involved in the care of injured patients come
from many different disciplines and are sometimes called
“traumatologists.” Emergency medical services personnel,
emergency physicians, anesthesiologists, surgeons, intensi-
vists, and hospital administrators are all concerned with a
broad spectrum of trauma management. This two-volume
book, edited by Wilson, Grande, and Hoyt, joins relatively
few such comprehensive books on this subject and describes
management of the trauma patient from a multidisciplinary
standpoint, and emphasizes the anesthesiologist’s physio-
logic perspective.

Internationally, the anesthesiologist is often the resus-
citation or reanimation physician, with major responsibil-
ities in the ambulance and in the evaluation area of
hospitals, often without a specific trauma service. The table
of contents reflects an international group of contributors
assembled by the editors to author the chapters. The
editors have ensured academic and intellectual strength
and clinical expertise. They are to be commended for achiev-
ing such attention to detail in the first edition.

Dr. William C. Wilson, a trauma anesthesiologist and
intensivist, is internationally recognized in the areas of
trauma airway management, respiratory gas exchange,
thoracic anesthesia, and monitoring. As editor-in-chief, Dr.
Wilson’s editorial leadership is evident in the clear organiz-
ation of the book, fluency of the writing, and balance of
coverage.

Dr. Christopher Grande, a clinically active trauma
anesthesiologist and intensivist, is the executive director of
International Trauma Care (ITACCS). He has published
extensively in the area of trauma anesthesia and critical
care for decades. Doctor Grande’s editorial influence is evi-
denced by the expert international coverage of many topics.

Dr. Hoyt is a world-renowned trauma surgeon and
surgical intensivist. He has been an active leader of numer-
ous prestigious surgical trauma organizations, including
past president of the American Association for the Surgery
of Trauma and the Shock Society, as well as chairman of
the American College of Surgeons Committee on Trauma.

He is the current president of the Pan American Trauma
Society. Dr. Hoyt’s experience and wisdom are reflected
in his careful editorial oversight of this comprehensive
two-volume treatise on trauma care.

Volume 1 covers the areas of prehospital care, resusci-
tation, perioperative management, and associated trauma
conditions. It is logically organized, covering the key
conditions, and provides clear guidelines for medical and
surgical decision making, including global operative con-
siderations. However, by design, esoteric technical details
of surgical procedures are omitted in favor of general
management concepts and principles supported by recent
literature. Other important trauma-related conditions (e.g.,
alcohol and drug intoxication, burns, near drowning, etc.)
and management of unique populations (e.g., pediatric,
geriatric, and obstetric) are also reviewed in Volume 1.

Volume 2 covers the critical care management of
trauma and is a logical, systems-based presentation of the
problems commonly encountered in a modern intensive
care unit. This volume reviews medical conditions, the role
of psychological factors, the family, rehabilitation, and
ethics. In addition, emerging topics such as remote evalu-
ation and management are introduced.

Because of the fundamental importance of the subject
matter along with the editorial review, this two-volume set
represents a compelling resource in the management of
trauma and is highly recommended for all clinicians with
primary responsibility for resuscitation and management
of trauma patients.

Kenneth L. Mattox, MD, FACS
Professor and Vice Chair

Michael E. DeBakey Department of Surgery
Baylor College of Medicine

Chief of Surgery
Ben Taub General Hospital

Houston, Texas, U.S.A.
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Preface

OVERVIEWOF BOTH VOLUMES

Trauma is the leading cause of death in the young (ages
1–44) in the United States and the chief reason for lost
years of productive life among citizens living in industrial-
ized countries. Despite the enormous importance of the
subject matter, no single text has yet been published that
fully covers all phases of trauma management.

The purpose of this book is to bring together in one
source a description of modern clinical management prin-
ciples for the care of the trauma patient. This two-volume
set, Trauma, Volume 1: Emergency Resuscitation, Perioperative
Anesthesia, Surgical Management and Trauma, Volume 2:
Critical Care, thoroughly encompasses the entire spectrum
of trauma management from the prehospital phase
through critical care and rehabilitation.

A comprehensive table of contents, at the front of each
volume, encapsulates the organization of the entire book
(providing a macroscopic view), and also details the sections
and sub-headings within each chapter (providing a micro-
scopic view). The extensive index at the back of the book is
organized to provide expeditious referral to specific pages
that cover the subject matter of interest. The reader is encour-
aged to utilize both the very detailed table of contents and
the index as needed to quickly locate topics.

Each chapter in this work incorporates important
features that greatly enhance information communication
and learning. The chapters are generously illustrated with
figures and tables to facilitate synthesis of important
concepts. In addition, key points are highlighted within the
text and are summarized at the end of each chapter for
quick review. Care has been taken to minimize redundancy
by maximizing appropriate cross-referencing throughout.
Another useful aspect of each chapter is the Eye to the
Future section, which reviews emerging concepts and new
research findings likely to impact clinical management.

The contributors to these volumes are both authorita-
tive (having performed original research and authored
numerous publications on their subject matter) and have
extensive clinical experience. The authorship considered as
a whole is truly international, with contributors from all
continents. Furthermore, both civilian and military consider-
ations are reviewed whenever relevant. The majority of
chapters have multi-specialty co-authorship by experts in
trauma surgery, trauma anesthesiology, emergency medi-
cine, and numerous other medical and surgical specialties.
In addition, chapters have multidisciplinary involvement
by experts in physical medicine, rehabilitation, nursing,
and pharmacy, among other disciplines. The scientific
soundness is further insured by the multiple layers of
editorial oversight; every chapter has been reviewed by at
least three experts in the field (principal, associate and
section editors). The high level of scientific accuracy and

the reader-friendly nature of these two volumes are expected
to facilitate learning in order to improve the care provided to
trauma patients around the globe.

VOLUME1

Volume 1 is divided into five sections and begins to tell the
trauma story. Section A (Preparation and Prehospital Care)
provides the background knowledge and prehospital con-
cepts required to manage trauma patients in both civilian
and military settings. Section B instructs the traumatologist
on what must be accomplished and accomplished quickly
in the trauma resuscitation suite. Section C explores the
principles of anesthetic management for trauma, including
preoperative evaluation, preparation, and monitoring,
along with the decision-making processes employed for
selecting general or regional anesthetic techniques in
trauma patients.

Section D details the perioperative anesthetic and
surgical priorities for specific injuries. This section focuses
on the most important areas of management in a systematic
fashion, including chapters on maxillofacial, brain, penetrat-
ing neck, cardiothoracic, and cervical and thoracic vertebral
spine injuries, along with abdominal, pelvic, and extremity
trauma. Each organ system receives specific focus as well
as discussion within the context of the overall management
strategy for severely injured patients.

Section E surveys the numerous trauma-associated
conditions with important time-sensitive diagnostic and
management considerations. This section includes dis-
cussions on the management of intoxication due to alcohol,
drugs, poisoning, and envenomations. Anaphylaxis and
allergy are discussed with specific implications for the
trauma patient. Burn injuries are extensively reviewed, as
are cold- and heat-related injuries, near-drowning, and
weapons of mass destruction. In addition, the less frequently
encountered trauma demographics (e.g., pediatrics, geria-
trics, obstetrics) each have their own dedicated chapters.
Finally, the pitfalls in trauma management and the elements
constituting the tertiary survey are fully described.

The absolute necessity to begin at the beginning when
learning trauma management, including the principles of
prehospital care and initial resuscitation and perioperative
management concepts, makes this volume a must reference
for the serious traumatologist and all others involved in
this phase of the trauma story.

William C. Wilson, MD, MA
Christopher M. Grande, MD, MPH

David B. Hoyt, MD, FACS
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History of Trauma
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Those about to study medicine and the young physicians
should light their torches at the fire of the Ancients.

—Rokitansky

INTRODUCTION

Since the begining of recorded time, mankind has suffered
traumatic injuries including falls, burns, drowning, and
injury as a result of interpersonal conflict. While the mechan-
isms of injury and incident rates for specific wounds may
have changed over the millennia, trauma remains a
significant cause of death in modern society.

The history of medical care for trauma is under-

standably the history of the management of military
trauma, because many innovations came as a result of the
management of battle casualties or the application of new
medical and surgical techniques to battle wounds.
An example is the invention of the “flying ambulance” by
Dominique-Jean Larrey in 1792 (Fig. 1). He recognized that
mortality of wounded soldiers in Napoleon’s army could
be improved with use of a specially designed horse-drawn
wagon, which would remove the casualty quickly from
the front lines to a hospital (1). It is not difficult to see how
today’s Medevac system bears a conceptual relationship
with Larrey’s idea. Likewise, the history of trauma care
cannot be divorced from the history of medicine itself,
so, at relevant points, those individuals that had a major
impact upon the development of medicine are also
discussed.

Other chapters within this book provide specific his-
torical references to their unique areas of trauma care. For
example, the history of fluid management is briefly reviewed
in Volume 1, Chapter 11, and the evolution of burn manage-
ment over the last century is provided in Volume 1, Chapter
34. In addition, the historical evolution in scientific and
ethical considerations of the mind–brain and consciousness
is briefly reviewed in Volume 2, Chapter 16. Similarly, the
history of artificial ventilatory techniques and their relation-
ship to the establishment of critical care medicine as a
specific branch of medical care are reviewed in Volume 2,
Chapter 69. Other historical vignettes are sprinkled through-
out the book, as deemed relevant by the authors and
editors. This chapter provides a broad framework of the

vast evolution in trauma management that has occurred
over the ages with emphasis on the most important
advances, and especially those not covered elsewhere in
the book.

This chapter provides a historical survey of trauma
management, with particular focus on resuscitation,
wound care, and use of analgesics and anesthetics from
antiquity to the current era. This is accomplished by dividing
the vast body of knowledge into epochs. Most epochs are
highlighted by a sentinel event that changed the behavior
of practitioners thereafter for a prolonged period. In this
way, the million and a half years that mankind has suffered
trauma and pain is covered, emphasizing the important
innovations without getting bogged down in nonmedical
historical details, which are of little importance to the
student of medical history.

The designated epochs are somewhat arbitrary:
the epoch of prehistory begins with the appearance of
mankind on the earth; the early civilizations extend from
3000 B.C. to 200 A.D. including the Egyptians, Greeks, and
Romans (Indian and Chinese influences are scattered in the
chapter, but are not specifically addressed.) The European
Dark and Middle Ages (200–1500) correspond with the
development of medicine in the Middle East where earlier
information is retained. The Renaissance began in the
1500s with the re-discovery of early Greco-Roman writings
translated into Latin. The epoch of inhalation anesthesia
begins slightly before 1800 with the discovery of nitrous
oxide but, in 1846, the public demonstration of ether by
Morton is often cited as the event that launched inhalation
anesthesia. The discovery of antiseptic strategies began in
1848 with the work of Semmelweis, and Lister in 1867;
however, these lessons were not advanced to the battlefield
until World War I. The epoch of regional anesthesia begins
in 1884 with the ophthalmic administration of cocaine. The
epoch of intravenous (IV) anesthesia and the antibiotic era
of trauma management begin in 1934 with John Lundy’s
report on thiopental, and Fleming’s work on penicillin. The
epoch of fluid therapy begins in 1950 with a paradigm
shift away from dextrose water toward the use of electrolyte
solutions. We have arbitrarily established the epoch of pre-
cision pain control at 1986. Lastly, we also discuss the devel-
opment of the emergency medical services from rather
humble beginnings to the current system, which, in some
ways, resembles the efforts utilized on battlegrounds to get
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those suffering from trauma stabilized and transported to
centers of definitive treatment as quickly as possible.

PREHISTORY

One of the earliest descriptions of healing following trauma
is biblical: “And the Lord God caused a deep sleep to fall
upon Adam, and he slept; and He took one of his ribs, and
closed up the flesh instead, thereof” (2). Since the beginning,
mankind has sought to relieve the pain of wounds or disease
and provide care for those who are injured. Perhaps,
empathy for a fellow human who is suffering is part of our
nature. Perhaps, primitive people were motivated by a fear
of being left alone in pain if they themselves were injured.
Whatever the motive, the effort seems to be present in
diverse cultures in scattered parts of the world.

Skeletal remains of prehistoric humans show evidence
of multiple healed fractures, testifying to the violent nature
of prehistoric society and showing that even prehistoric
society provided care for its injured members. The Stetten
1 skeletal remains from southwestern Germany, dating to
the early Stone Age of approximately 34,000 years ago,
show evidence of a healed lumbar spine fracture (3). This
demonstrates not only that traumatic injuries occurred,
but that they were not always fatal, suggesting that even
the earliest human society provided supportive care to
permit recovery from trauma.

The Similaun mummy (known worldwide as Oetzi)
found near Hauslabjoch in the Italian Alps in 1991 dates to
3300 B.C. As well as the skeleton, soft tissue has been well
preserved in glacial ice and provides compelling evidence
of a violent death. A flint arrowhead was the cause of
death and may well have resulted in a fatal pneumothorax.
Oetzi’s body is remarkable for many reasons. Not least, the
presence of 57 tattoos, which correspond closely to modern
acupuncture sites possibly indicating that this technique
was used in Europe as well as China to treat various
ailments including osteoarthritis.

EARLYCIVILIZATIONS, 3000 B.C.^ 200 A.D.
Egyptians
With the advent of civilizations that utilized writing, more
evidence than skeletal remains is available to determine
how the ancients dealt with traumatic injury. The

pre-eminent example comes from Egypt. Egypt had a high
standard of medical knowledge and care for its era, even
from the earliest days of the Pharaohs. Homer, writing in
the Odyssey stated, “In Egypt, the men are more skilled in
medicine than any of human kind” (4). The oldest known
surgical treatise comes from Egypt and could be accurately
characterized as a treatise to deal with traumatic injury.
The Edwin Smith Papyrus (Fig. 2) was written around
1700 BC, and is an incomplete copy of an older papyrus,
which has been lost to antiquity. The original papyrus
dates back to the Egyptian Old Kingdom, 2600 B.C. to 2200
B.C., the era in which the great pyramids were built. It is
possible that the original author was Imhotep, a physician-
architect of Pharaoh Zozer in the third dynasty.

The Edwin Smith Papyrus is remarkable in that
it describes 48 cases (mainly related to trauma), each of
which is divided into title, examination, diagnosis, and treat-
ment, providing detailed criteria for classifying the injury.
The injuries described are almost exclusively the result of
trauma, ranging from a broken upper arm to gaping head
wounds with the exposure of the brain. Based upon the
results of the classification of the injury, cases were put
into three categories of treatment, those whose outcome
was favorable, those whose outcome was uncertain, and
those who could not be treated. Detailed instructions were
provided for the care of injuries, even among the class of
injuries that could not be treated, as it was recognized that
even among those cases that could not be treated, some
would survive the injury.

Among the 48 cases described in the Edwin Smith
Papyrus, only one suggests cure by magical methods, with
the rest having more rational treatments such as splinting of
fractures. This presents a contrast with other ancient
Egyptian medical documents, including the longest in
length known medical papyrus, the Ebers Papyrus (Fig. 3).
The Ebers Papyrus was originally purchased by Edwin
Smith in Luxor in 1862, then sold to the Egyptologist
George Ebers. It has a date of the ninth year of the reign of
Imenhotep I (c. 1534 B.C.). However, one portion of the
papyrus includes historical reference to the first dynasty
(c. 3000 B.C.).

Figure 2 Edwin Smith Papyrus. Plates vi and vii of the Edwin

Smith Papyrus. The papyrus describes 48 cases of injury: how

to diagnose and, if possible, treat the injury. Of the 48 cases

of injury described, only one has a mystical cure suggested

as treatment. Source: Courtesy of New York Academy of

Medicine.

Figure 1 Larrey’s “flying ambulance.” Baron Dominique-Jean

Larrey (1766–1842), surgeon to Napoleon, invented the flying

ambulance, so that wounded soldiers could be picked up and

taken away from the battlefield to receive medical attention.
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The Ebers Papyrus contains around 700 magical
formulas and folk remedies for maladies ranging from
dentistry to intestinal disease. This contrast illustrates that
ancient Egyptians did not distinguish between the mystical
and the rational in medicine, utilizing what they considered
to be the best treatment available, whether by means that
modern society would consider rational or mystical. The
contrast also suggests that early civilizations were aware
that trauma-induced injuries differed from disease, and
sought practical means by which traumatic injuries could
be addressed. In short, traumatic injuries were compre-
hensible, whereas causes and solutions for disease were
mysterious. In most ancient cultures, medicine was a set of
mystical processes designed to promote wellness by averting
the wrath of angered gods or evil spirits.

Greeks
Ancient Greece also produced individuals who are import-
ant in the history of medicine. Hippocrates (Fig. 4) is one
of the giants in the history of medicine. Born around
480 B.C., Hippocrates was trained on the island of Cos,
off the coast of Asia Minor and is widely considered to
be the father of medicine. Hippocrates’ personal life is
largely unknown, but history has preserved portions of
what is known as the Hippocratic Corpus, a series of
medical treatises. None of the Hippocratic Corpus can
definitely be ascribed to Hippocrates himself, and scholars
are generally in agreement that they are the work of
several authors.

Of significance to the development of medicine as a
science, however, Hippocrates postulated that diseases
were not the result of angry or mischievous gods, but
rather an imbalance of the four humors: blood, yellow
bile, black bile, and phlegm. Humoral theory, contained in
the treatise The Nature of Man, discusses the necessity of
maintaining a balance of these humors. Humoral theory
formed the basis of therapeutic treatment, in which the
physician would attempt to balance the humor thought
to be causing the illness. Humoral theory or develop-
ments of humoral theory dominated medicine from the
era of Hippocrates up to the time of the Renaissance.

One of the surviving texts of the Hippocratic Corpus,
On Injuries of the Head, is a treatise on the surgical manage-
ment of traumatic brain injury (TBI). A relatively recent
study of this text by Maury Hanson notes the similarity in
content between the Edwin Smith papyrus and On Injuries
of the Head and relates the similarities to the interplay
between ancient civilizations in the eastern Mediterranean.
On Injuries of the Head was influential in subsequent
centuries, and in the sixteenth century it was translated
into no less than five languages (5).

As a result of the conquest of the civilized world in
the Mediterranean and Asia by Alexander the Great, the
Hellenic age arose. Among the many significant accom-
plishments of Alexander the Great was the establishment
of Alexandria on the coast of Egypt in 331 B.C. Alexandria
served as the port by which the grain of Egypt flowed
throughout the Mediterranean and quickly became one of
the largest cities in the ancient world. Following the death
of Alexander, his heir Ptolemy founded a dynasty that
ruled Alexandria until, under the terms of the will of
Ptolemy in 80 B.C., Alexandria was bequeathed to Rome.
Under the Ptolemic dynasty, one of the seven wonders of
the ancient world, the Library of Alexandria, was founded.
The Library of Alexandria became the largest repository of
books in the ancient world and drew researchers and
intellectuals, serving as the incubator of the advancement
of knowledge in many fields, including medicine.

Figure 4 Bust of Hippocrates. Born on the island of Cos

around 60 B.C., Hippocrates chronicled a number of aphorisms

and treatments. Many writings attributed to him were originally

the works of others. Hippocrates is thought to have attempted to

bring rationalism to medicine, though he based his systematic

approach upon the four humors.

Figure 3 Eber’s Papyrus. This Egyptian medical document

(�1550 B.C.) provides recipes to cure diseases; many of the

remedies in this papyrus are mystical in nature.
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Under the influence of the philosophical prop-
ositions of Aristotle, tutor of Alexander the Great, dissection
of corpses became common in Alexandria. Previously,
dissection was condemned on religious grounds. Aristotle
(Fig. 5) held that the soul of man was a higher form than
that of the physical body, which permitted the study of the
body following death. As a result, knowledge of anatomy
flourished, including understanding of the brain, nervous
system, and circulatory system. Herophilos attempted to for-
mulate a theory on the pulse, correctly relating pulse to heart
function, as opposed to a function of arteries. Herophilos
asserted that the pulse had a diagnostic value and, in the
absence of the ability to accurately time the pulse, attempted
to marry pulse rate and musical theory.

Erasistratos advanced the idea that the nervous system
was not hollow or filled with air, but that it was solid. Erasis-
tratos believed the nervous system was filled with “spinal
marrow,” but he was able to distinguish between sensory
and motor nerves.

Greek mythological writings convey a knowledge
of medicine and treatment of traumatic injuries that influ-
enced Roman and subsequent medical thinking. Indeed,
Homer’s Illiad depicts a dialogue from Chiron, teacher of
Achilles (Fig. 6) that reflects the sophistication of medical
transport and treatment of that time: “. . . But save me.
Take me to the ship, cut this arrow out of my leg, wash the
blood from it with warm water and put the right things
on it—the plants they say you have learned about from
Achilles who learned them from Chiron, the best of the
Centaurs.”

The Romans
While Alexandria was formally bequeathed to Rome in
80 B.C., the influence of Rome on the ancient world was by
then well established by both conquest and trade. Romans
of the ancient world exhibited a complex mixture of
practicality and superstition. In medicine, Rome’s Etruscan
roots of an agricultural society formed the basis of early
medical treatment. Herbs and medicinal materials were
often mixed with wool, a substance with which the early
Roman’s ascribed mystical powers. The head of the family,
the pater familias, was in charge of the medical care of both
livestock and humans under his control.

In 219 B.C., according to Pliny’s Natural History, Rome
obtained its first physician, a Greek named Arcagathus (6).
Arcagathus was granted citizenship and his practice was
set up at the expense of the city. Arcagathus was a
surgeon, and his avid use of surgery and cautery soon
dimmed his popularity among the citizens of Rome, who
gave him a new cognomen. Arcagathus became known as
Arcagathus Carnifex or Arcagathus the executioner. Such
was Arcagathus’ reception among Roman citizens that it
was over 100 years before another Greek physician came to
Rome.

The physician in Roman society was viewed with
some degree of disdain. Contemporaneous writings from
Rome illustrate this all too well. One epigram reads: “Until
recently, Diaulus was a doctor; now he is an undertaker.
He is still doing as an undertaker, what he used to do as a
doctor” (7).

Despite a lack of public esteem, Roman surgeons were
very capable, likely due to the constant need for surgical care
of battle injuries (Fig. 7). In the section of the Hippocratic
treatise known as In the Surgery, it is stated that “if a
physician wishes to become a surgeon, he must go to war.”
Rome certainly provided ample opportunity for this
type of education and, as a result, Roman surgeons were
capable of dealing with numerous traumatic injuries. If a

Figure 6 Achilles tends to the wounds of Patroclus. Many

depictions of Greek medicine involve battle injuries, especially

of the Heroes, as in this noted vase painting.

Figure 5 Aristotle (384–322 B.C.). Aristotle was the first to

pronounce that man is an animal, and in so doing, he established a

bridge between biology and medicine. Darwin called Aristotle

“the world’s greatest natural scientist.” Aristotle’s private univer-

sity, the Lyceum, was a place of study for natural sciences.
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fractured limb could not be reduced without surgery, a
Roman surgeon could operate to reduce the fracture.
While thoracic surgery was rarely attempted, Roman phys-
icians utilized both internal and external sutures to close
wounds. Trephination was performed, and Roman phys-
icians also understood how to surgically treat depressed
skull fractures. Though not fully documented, it is likely
that much of this knowledge came by way of Egyptian and
then Greek teachings.

Roman Aulus Cornelius Celsus lived between
approximately 25 B.C. and 50 A.D. (8). Whether Celsus was
a physician is a matter of some dispute; however, in his sur-
viving treatise, De Medicinia, there are descriptions of many
types of surgery undertaken by first century Roman phys-
icians, including the following description of treating a
depressed skull fracture:

When the fractured bone is depressed, it need not all
be excised. But whether completely broken off and
separated from the rest, or still attached by a small
portion to the skull around, the fragment should be
separated by the chisel from the sound bone. Next,
in the depressed fragment, close to the groove which
we have just made, holes are to be bored as well;
two when the damage is of small extent, three when
larger, and the intervening partitions must be cut
through. Next the chisel is to be so used on each side
of the said groove, that a crescent-shaped gap is
made with its convexity on the side of the fragment,
and its horns directed towards the intact bone. Then
if there are any detached fragments which can be
easily removed, they are to be seized with forceps
made for the purpose and particularly the pointed
fragments which are irritating the membrane. If this
cannot be done easily, the plate which I have suggested

as a guard of this membrane is to be passed under-
neath in order that all pointed fragments which
project inwards may be cut away over the plate, and
any depressed bone is to be raised by means of the
same plate. This method of treatment ensures that
fragments still attached become consolidated; and
detached fragments come away in course of time
under the dressing without any pain; and by that
treatment there is left a gap in the skull large
enough for the extraction of matter; and the brain is
better protected by leaving the bone than if it had
been excised. After this, that membrane should be
sprinkled with strong vinegar, in order that any bleed-
ing from it may be checked, or any collection of
clot which remains inside may be broken up. Then
the same plaster, softened as described above, should
be put on the membrane itself; and the rest of the
dressing as before, ointment on the lint, and unscoured
wool; the patient should be kept in a warm room; the
wound dressed daily, even twice a day in summer (8).

This description demonstrates a sophisticated
approach to a depressed skull fracture mixed with a refer-
ence to the traditional, mystical medicinal use of wool.

Two Roman physicians that had influence well beyond
their lives are Dioscurides and especially Galen (Fig. 8).
Dioscurides was born in what is now Turkey and served
as a physician in the Roman Army, living from approxi-
mately 40 A.D. to 90 A.D. In approximately 65 A.D., he
authored a text on herbal medicines called De Materia
Medica. It was widely circulated in many civilizations,
including those of Arabia. Dioscurides’ text on herbal medi-
cine (Fig. 9) is considered by some to be the most influential

Figure 8 Galen (Clarissimus Galenus, 130–200 A.D.) of

Pergamon wrote more than 300 books, many on anatomy. However,

he dissected only one human, and most of his direct experience was

in monkeys and pigs, thus numerous errors were made.

Figure 7 Roman surgeon attends to Aeneas, who sustained

an arrowhead wound in the leg during battle. Fresco from

Pompeii. Source: Courtesy of Museo Nazionale, Naples.
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book on the use of natural medicinal compounds in history
and it was in practical use until the 1600s.

Galen was born in approximately 129 A.D. in Perga-
mum, a well-developed Roman city located in Asia Minor,
now a part of modern day Turkey. Galen spent around
12 years studying medicine, first locally and then sub-
sequently in Smyrna, Corinth, and Alexandria. He returned
to Pergamum in 157 and became a physician at a gladiator
school. In 162, Galen traveled to Rome where he established
a practice and reputation as an experienced physician. His
knowledge and expertise are depicted in a clinic scene or
“medicatrina” (Fig. 10). Ultimately, he became a court phys-
ician to the emperor Marcus Aurelius and spent the majority
of his life as a court physician to Emperors Lucius Verus,
Commodus, and Septimus Severus.

While a court physician, Galen conducted experiments
on live animals to study anatomy and physiology, and
especially favored the use of the Barbary ape for dissection
but, more commonly, used the sow due to its greater avail-
ability. It is reported that Galen employed as many as 20
scribes to write down his thoughts and observations.

Upon his death in approximately 203 A.D., subsequent
work on physiology and anatomy was abandoned, largely due
to the view that Galen had said everything that could be said
on these areas. Due to Galen’s reliance upon animal dis-
section and the religious restrictions on the dissection of
human corpses, many errors regarding human anatomy
are contained in his writings. Furthermore, Galen would
often discuss more than one species of animal structure in
his teachings without clarifying to the reader which
species he was referring to, further confusing anatomy and
physiology. There were other errors as well, for example,

Galen believed that arteries and veins were separate
systems and that blood traversed the heart by invisible
pores in the chambers of the heart. It was not until
Vesalius, a 16th century Flemish anatomist, that many of
the anatomical errors of Galen were exposed. Even then,
Galen’s reputation and influence caused resistance to the
discoveries of Vesalius (discussed subsequently), and other
physicians, surgeons, and scientists who documented
clear errors in Galen’s works subsequently struggled
to advance any ideas contrary to the (almost sacred)
teachings of Galen.

As was the case with many of the ancient physicians,
Galen was also a philosopher. While not a Christian, Galen’s
writings show a belief in one god and that the body was
the instrument of the soul. These views made Galen’s
writings acceptable to the Catholic Church, as well as Arab
and Hebrew scholars. As a result, Galen’s writings were
not suppressed by any of these various factions and
remained accessible to later physicians. In On the Elements
According to Hippocrates, Galen described the humoral
theory and created his own hypothesis based upon the
teaching of Hippocrates. Galen felt that imbalance of the
humors caused disease, so he advocated actions such as
blood letting to restore balance of the humors and health.
Galen is seen as one who built upon the work of Hippo-
crates. Due to the benign nature of his philosophical
beliefs, the dominating religious and societal precepts
preserved the theories of Hippocratic medicine up to the
Renaissance.

DARK AND MIDDLE AGES AND MIDDLE EASTERN
MEDICAL ADVANCES, 200 ^1500

With the decline of the Roman Empire and the Catholic
Church’s perceived need to suppress both science and

heresy, medical and scientific discovery was stagnated

Figure 10 Clinic scene, or Medicatrina, from Venetian edition

of Galen’s works published in 1550 showing surgical

procedures described by Galen—on the head, eye, leg, mouth,

bladder, and genitals—still practiced in the 16th century.

Source: Courtesy of Collection Bertarelli, Milan.

Figure 9 Page from Vienna Dioscorides showing a typical

illustration of a plant with text describing various uses.
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in western Europe for hundreds of years. One example
of how the suppression of heresy impacted the develop-
ment of medicine can be found in the rise of importance
to medicine in the city of Gundishapur, in the present
day Iran.

The city of Gundishapur was founded in 271 A.D. by
King Shapur I of the Sassanid empire, the third Persian
empire, following a victory over a Roman army led by
Emperor Valerian. In 489 A.D., members of the Nestorian
faith, which was viewed as a heretical sect by the Catholic
Church, were forced to leave Edessa by the edict of
Emperor Zeno and Bishop Cyrus, closing down the
Nestorian School of the Persians. While the religious
portion of the School of the Persians relocated to
another city, the secular aspects of the school relocated to
Gundishapur. Under the most celebrated of Sassanid
rulers, Khosrau I, who reigned between 531 A.D. and
579 A.D., Gundishapur became known as a center of science,
education, and medicine, welcoming refugees from the
Byzantine Empire. Khosrau I commissioned the translation
of scientific texts into the local language and also invited
Indian and Chinese scholars to come to Gundishapur.

The resulting Academy of Gundishapur brought
important changes to the education of physicians. Instead
of a prospective physician apprenticing to a single prac-
titioner to learn medicine, those attending the Academy
of Gundishapur were trained in the hospital under the
tutelage of the entire faculty of the Academy. According
to an Arab text, Tarikh al-hikama, students were required to

pass exams before they could be accredited as Academy
physicians. Thus, the Academy of Gundishapur was the
first teaching hospital. Cyril Elgood, in A Medical
History of Persia states that the credit for the whole hospital
system, to a large extent, goes to the Academy of
Gundishapur (9).

The Sassanid Empire was conquered in 638 A.D. by
Arabs under the lead of Umar, the second Caliph of Islam.
The Academy of Gundishapur persisted for hundreds of
years but, in 832 A.D., Caliph Al-Ma’mun established the
House of Wisdom in Baghdad. The House of Wisdom was
modeled upon the Academy of Gundishapur and staffed
with graduates of the Academy.

One of the great Arab physicians, Al-Razi, spent
several years in Baghdad as the Chief Director of a hospital
within the city. Al-Razi, born in 865 A.D., came to Baghdad
from the city of Rayy, which was located near the modern
day Teheran, and it is thought that the majority of
Al-Razi’s work was performed in Rayy. It was while
Al-Razi was resident in Baghdad, however, that he
recorded the first known description of smallpox. Al-Razi
distinguished smallpox from measles and wrote a book
on the subject, which demonstrated the differences in
the treatment for each disease. Al-Razi’s monograph
on smallpox was included in a posthumous collection of
Al-Razi’s working notebooks called The Virtuous Life. This
work was translated into Latin in 1279 by the Sicilian
physician and translator Faraj ben Salim under the employ-
ment of Charles of Anjou and was influential in Europe
specifically with regard to smallpox.

Al-Razi was possibly the first Persian physician to write
a home medical manual (Fig. 11), which provided the means
by which the ordinary person could consult for the treatment
of common ailments, such as headache, in the absence of a
physician. Al-Razi also wrote of his doubts regarding
many of the theories purported by Galen, particularly
Galen’s humoral theory. Such was the stature of Galen that

Al-Razi came under considerable criticism for questioning
these paradigms, which he addressed (10).

It grieves me to oppose and criticize the man Galen
from whose sea of knowledge I have drawn much.
Indeed, he is the Master and I am the disciple.
Although this reverence and appreciation will and
should not prevent me from doubting, as I did,
what is erroneous in his theories. I imagine and feel
deeply in my heart that Galen has chosen me to
undertake this task, and if he were alive, he would
have congratulated me on what I am doing. I say
this because Galen’s aim was to seek and find the
truth and bring light out of darkness. I wish indeed
he were alive to read what I have published.

A second great Middle Eastern physician from this era
was the Arab named Abu Ali Sina, more widely known by
his Latinized name Avicenna. Avicenna was born in the
present day Uzbekistan in 980 A.D. and died in 1037 at
Hamadan, in present day Iran. While Avicenna’s adult
life was often chaotic due to the political instability in the
various regions he resided, he was a prolific author,
writing around four hundred and fifty books on a variety
of subjects. Avicenna was a very intelligent man, having
memorized the Koran by age 10, struggled with Aristotle’s
metaphysics in his early teens and eventually understanding
it. At age 16, Avicenna turned to the study of medicine,
achieving the status of a physician at age 18.

Avicenna’s seminal book, The Canon of Medicine,
is considered the most famous medical text of the era
and was utilized by physicians for centuries, and was

employed as a textbook at the universities of Leuven and

Figure 11 Al-Razi Colophone. Colophon of Al-Razi’s Book

of Medicine.
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Montpellier until around 1650 A.D. The Canon of Medicine is
based upon the work of Galen with modifications, and
further information from Avicenna’s understanding of medi-
cine. In The Canon of Medicine, Avicenna encapsulated the
sum of current knowledge of medicine available to him at
the time. Among the topics covered was the appropriate
use of over 700 medications, the treatment of cancer, and
the contagious nature and vectors of transmission of
tuberculosis. Avicenna considered medicine to be the
study of the human body in health and illness, with the
role of the physician to determine the means by which
health in a patient has been lost and how to restore it to
that patient.

The death of Avicenna roughly coincided with the
start of what historians call the High Middle Ages in
Europe, a period that lasted approximately 300 years.
From around 1000 A.D., the majority of barbarian invasions
of Europe ceased. This permitted the resettlement of lands
north of the Alps as well as lands east of the traditional
border of the Frankish Empire. One result of these develop-
ments was a rapid increase of the population of Europe.
The European population rose to levels that would not
be duplicated until the 19th century. Within 50 years of
Avicenna’s death, Pope Urban II called for what would be
the first of many Crusades to expel Muslim rulers from the
Holy Lands. While the Crusades were a new development,
Christians and Muslims had been warring over the Iberian
Peninsula since the conquest of most of the peninsula in
714 A.D. by the Moors.

The most famous Arabic physician of Jewish back-
ground was Maimonides (Moses ben Maimon, 1135–1204)
(Fig. 12). Born in Cordoba, Spain, he fled in 1160 with
other Jews to Fez in Morocco. He later migrated to Palestine
and then to Cairo, where financial needs prompted him to
enter medicine as a career. He rose rapidly, finally becoming
physician to the sultan Saladin.

Maimonides wrote several books on medicine. His
writings contained sage advice on diet, hygiene, first aid,
poisons, and general medical problems, but his primary
focus was on philosophy. He tried to reconcile scientific
reasoning and religious faith. As Maimonides was also a
Jewish scholar, he was the first person to write a systemic
code of all Jewish law, the “Mishneh Torah.” Orthodox
Jews of his time were sometimes hostile to his views, and
acceptance by the Jewish intellectuals of Maimonides as a
great medical and philosophical sage came only after his
death.

As a result of the contact between Christian and
Muslim populations, albeit often violent contact, European
populations began to be reintroduced to the writings of
ancient Greeks along with Arab developments independent
of the work of the Greeks, as these works had survived in
the Arabic world. At times, rulers that modern society
would view as enlightened emerged, such as Frederick II,
Holy Roman Emperor from 1220 A.D. to 1250. Frederick II
had a great interest in knowledge and learning, and
sponsored many scholars so that they could advance their
studies. He felt that knowledge was the basis of a virtuous
ruler. Other rulers also sought knowledge and commis-
sioned the translation of works in Arabic to Latin, including
medical texts such as Al-Razi’s The Virtuous Life. As a
result of the contacts between Christian and Muslim popu-
lations and translations of texts, the ideas of the ancients

began to become known again in Europe after what can
only be called the suppression of these texts by the
Catholic church.

The twin scourges of famine and pestilence marked
the end of the High Middle Age and the beginning of the
Late Middle Age. As a result of events such as the Great
Famine of 1315–1317 and the Black Death pandemic of
1347–1351, the population of Europe was devastated.
Some estimate that the population of Europe was halved
by these two events, with the Black Death causing the
death of approximately one-third of the entire population
of Europe. Famine and pestilence had enormous impli-
cations for society, religion, and government. There were
mass peasant revolts in numerous locations. The Catholic
Church endured the Papal schism of having a Pope in
Rome and a rival Pope in Avignon, France, each contending
to be the true leader of the church. War, such as the
Hundreds Year War between France and England, was
again a significant feature of Western Europe. As a result
of this turmoil, the late Middle Age did not produce much
advancement in either science or medicine.

RENAISSANCE ERA, 1500

In 1453, Constantinople fell to the Ottoman Empire, causing
many Byzantine intellectuals to seek refuge in the west,
typically in Italy. These scholars accelerated the rediscovery
of ancient Greek and Roman texts that ultimately led

Figure 12 Maimonides. Engraved portrait of Maimonides, as he

was thought to look, with his autograph in facsimile. A Jewish

philosopher and physician, his writings and practices achieved

renown in Muslim Spain and Egypt. Source: Courtesy of

New York Academy of Medicine.
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to the Renaissance, which is traditionally dated to have
started in 1500. With the further reintroduction of ancient
texts from Byzantine sources, science and medicine
flourished.

Born in 1514 to a family of physicians, Andreas
Vesalius (Fig. 13) received training in both Greek and Latin
prior to undertaking the study of medicine. His language
skills and the emergence of classical writings gave Vesalius
the tools by which he could examine the knowledge of
the Greeks and Romans. Vesalius studied medicine at the
University of Paris until war between the Holy Roman
Empire and France forced his return to Belgium. While at
the University of Paris, Vesalius studied the writings of
Galen and developed an interest in anatomy. Upon gradu-
ation, he became the Chair of Surgery and Anatomy at the
University of Padua.

In a break from the traditional means of teaching
anatomy, Vesalius utilized dissection as the primary tool
of instruction, rather than simply reading classical texts as
Galen did. Furthermore, Vesalius himself performed the
dissection (Fig. 14) rather than having a barber-surgeon
perform it at his direction. Vesalius published a set of
detailed illustrated anatomical tables in 1538, and shortly
thereafter a judge in Padua became interested in Vesalius’
anatomical work. The judge offered Vesalius the opportunity
to dissect the corpses of executed criminals. In 1541, Vesalius
discovered that Galen had based much of his research upon
animal dissection, as human dissection had been banned
in Rome. Soon thereafter, Vesalius began to write his own
anatomical text, correcting many of the errors perpetuated
by Galen.

Published in 1543, Vesalius’ De Humani Corporis Fabrica
was a illustrated text in seven volumes, which became

an instant classic. Vesalius used artists to produce the
drawings and had these illustrations depict anatomical
structures as they would be found within the body.
Because Vesalius’ work directly challenged the claims of
Galen, Vesalius became controversial. One of Vesalius’
detractors even published an article asserting that the
human body must have changed since Galen studied it.
Vesalius was accused of being a mere surgeon, at the time
considered to be a craftsman, rather than the more erudite
physician.

At the time of Vesalius’ work, the standard treatment
for bullet wounds was cautery with burning oil or hot
irons. Cautery was also used when limbs were amputated.
The benefit of cautery was the cessation of bleeding.
However, the subsequent pain and risk of secondary infec-
tion were problematic.

The history of trauma surgery in the sixteenth
century is also distinguished by the work of Ambroise
Paré (Fig. 15). During the Siege of Turin in 1537, Paré is
rumored to have run out of burning oil to cauterize the
wounds he was treating, and was forced to use a combi-
nation of ligatures to tie bleeding arteries and veins along
with ointments to close the wounds. In reality, Paré had
been using these techniques for years, and because Paré’s
patients did far better than those treated with cautery, he
began to re-examine the current surgical techniques, and
began publishing his findings in 1545. Furthermore, Paré
found that the works of Hippocrates, Galen, Avicenna,
Vaselius, among others, spoke of using ligatures to tie off
bleeding vessels.

Paré also advocated using fine probes and bullet
extractors to remove bullets and bullet fragments instead
of amputation, as foreign body removal decreased infection.
The relatively lower muzzle velocity in those days meant
that bullets and shrapnel, served as bacteria-laden foreign
bodies, usually needed removal—in contrast to today’s
standards where they are often left in place. Paré devised
tools to perform bullet extractions and to extract the wide
variety of arrows and crossbow bolts, which were commonly
used. Paré advocated taking all possible steps to avoid
amputation. Some consider Paré to be the father of
modern surgery. Paré also used techniques to close facial
lacerations without ligatures (Fig. 16), which decreased
scar formation.

In 1575, Paré’s Ouevre or collected works, consisting of
around 1200 folio pages with over 400 illustrations, was
published. Paré’s Ouevre contains not only his thoughts,
based upon a lifetime of experience in the treatment of
battle wounds, but also his views on anatomy, pharma-
cology, obstetrics, and even mythical monsters. Reflecting
the gulf between physicians and surgeons, Paré’s work
was published in French, not in the intellectual Latin.

In 1628, English physician William Harvey publi-
shed Exercitatio Anatomica de Motu Cordis et Sanguinis in
Animalibus (An Anatomical Exercise on the Motion of the
Heart and Blood in Animals). In Western society,
Harvey received credit for discovering that the heart
pumps blood through the circulatory system. However,
in 1924, an Egyptian physician discovered a commentary
on Avicenna in the Prussian State Library written by ibn
Al-Nafis, which described the pulmonary circulation. Ibn
Al-Nafis was a 13th century physician from Damascus,
which leads some to suggest that Harvey’s publication
was not the first on circulation.

Regardless of whether Harvey is properly credited
with correctly describing circulation, the effect of Harvey’s

Figure 13 Vesalius. Portrait of the great anatomist Andreas

Vasalius at the age of 28, from his masterpiece De Humani

Corporis Fabrica (1543). Source: Courtesy of World Health

Organization, Geneva.
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publication was immediate. Harvey’s description contra-
dicted the writings of Galen, who suggested that venous
and arterial blood had separate circulation, with arterial
blood coming from the heart and venous blood coming
from the liver. As was the case with others who contradicted
Galen, Harvey’s publication and ideas were attacked.
However, Harvey’s ideas on circulation were eventually
accepted during his lifetime. However, despite the accep-
tance of Harvey’s ideas on circulation, his description of
circulation did not have much impact upon medicine
during his lifetime. Galen’s prescription of blood letting for
various diseases continued to be a popular remedy.

Giovanni Alessandro Brambilla was born in 1728 and
became a surgeon for the Austrian Army. Eventually, he
came to have Josef II, the heir to the Austrian Empire, as
a patient. Brambilla utilized his influence with Josef II
to establish an academy where surgeons were taught
both Latin and anatomy. Knowledge of Latin was necessary
so that surgeons could read the intellectual works of

physicians. As a result of Brambilla’s efforts, surgeons in
the Austrian Empire found themselves to be on a somewhat
equal footing with physicians.

Also born in 1728 was John Hunter, a Scottish surgeon
and physician. Hunter strongly advocated the use of
scientific experimentation to advance knowledge in medi-
cine. Hunter is famed for his aphorism, “Don’t think, try
the experiment,” which encapsulates Hunter’s approach to
advancing scientific and medical knowledge. Experimen-
tation was not an end itself to Hunter, who sought to
seek practical applications for principles derived from
experimentation.

Born in 1766, Dominque Jean Larrey became the
surgeon-in-chief for Napoleon’s army from 1797 to the battle
of Waterloo in 1815 where he was captured by the Prussians.

Larrey’s most famous innovation was the aforemen-
tioned flying ambulance (Fig. 1), but he was, in his own
right a talented physician and surgeon. For example,
Larrey is credited with the first successful amputation of a

Figure 14 “Vesalius De Fabrica.” Title page of

Vesalius’ 1543 edition of De Humani Corporis

Fabrica showing Vesalius conducting a dissection

on a woman before an audience of medical students

and others.
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leg at the hip. His fame as a physician played a role in the
Prussian’s pardoning Larrey from a sentence of death.
Napoleon praised Larrey as “the worthiest man I ever
met. . .” The flying ambulance innovation permitted French
doctors to treat injured soldiers on a timelier basis, which
improved the patient’s prospects. Larrey developed a
“24-hour principle,” which held that amputations should
be performed within a day of the trauma causing the need
for amputation, noting that delay of amputation often
resulted in death. Larrey wrote that prior to the flying
ambulance innovation, multiple amputation was rare as
the delay in performing the needed operation resulted in
the patient’s death.

In 1767, the Dutch Society for Recovery of Drowned
Persons was established. The Society came to recommend
warming the victim, removal of aspirated or swallowed
water by positioning the victim’s head below the feet with
manual pressure on the abdomen and inducement of vomit-
ing, stimulating the victim, forcing air into the lungs with
bellows and blood letting. Prior to the formation of this
Society, near-drowning was largely considered impossible
to treat.

In 1774, the Royal Humane Society of England was
formed under the leadership of Dr. William Hawes (1736–
1808) who convinced Londoners that persons who appeared
dead (but not in full arrest) following water emersion
could be resuscitated (Fig. 17), along the lines established
by the Dutch experience (described preceedingly), as long
as emersion time was not prolonged.

In 1788, the British Royal Society awarded a silver
medal to Charles Kite who wrote An Essay on the Recovery
of the Apparently Dead, which describes the first successful
defibrillation, performed on a three-year-old child who
had fallen out of a second story window.

Figure 15 Paré portrait. Woodcut portrait of Ambroise

Paré at age 68 who, without academic training, revolutionized

the treatment of battle wounds and wrote the innovative

treatise A Universal Surgery (1561). Source: Courtesy of

New York Academy of Medicine.

Figure 16 Paré stiched adhesive. Illustration from the Ten Books

of Surgery by Ambroise Paré—proper technique for suturing facial

wounds.

Figure 17 Royal Humane Society. Rescue of person drowning in

River Thames by members of Royal Humane Society. Source:

Courtesy of Royal Humane Society, London.
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HISTORYOFANALGESIATHROUGH ANTIQUITY
(THROUGH THE1700s)

Most ancient attempts to relieve pain consisted of
surface applications of plants or organic material. For
example, a Babylonian clay tablet ca 2250 B.C., recommended
a cement, made by mixing henbane seed with gum mastic,
for the pain of dental caries (11). The use of soporific
potions taken by mouth for analgesia also goes back to
remote antiquity. They were prepared from alcohol and/or
plants including marijuana, poppy, hyoscyamus, and man-
dragora. According to the Odyssey, in 1149 B.C., Helen of
Troy cast a drug, perhaps opium, into wine “to assuage suf-
fering, to dispel anger, and to cause forgetfulness of ills” (12).
Aurelius Cornelius Celsus describes “anodyne pills” con-
taining poppy, the plant source of opium (13). The writers
of antiquity commonly referred to poppy-induced sleep
with a term used by Virgil, “letheon.” Two thousand
years later, “letheon” was the name given to ether anes-
thesia by William Morton in his greedy attempt to
disguise its identity, obtain a patent, and profit from his
discovery (14).

Several societies utilized pain agents in conjunction
with medical treatments. In the New World, by approxi-
mately 300 B.C., Inca shamans performed trephinations in
the skulls of their suffering tribesmen with the aid of a
pain-relieving agent. According to the translations of their
writings, they chewed the leaves of Erythroxlyn coca and
spat into the wounds. The coca plant is native to South
America and the plant source of cocaine, which would be
expected to relieve the pain of the wound (15).

During 54–68 A.D., the Greek army surgeon, Pedanius
Dioscorides, in the service of Nero, recommended the oral
administration of wine with mandragora for insomnia or
the pain of surgical operations and cauterizations. Several
descriptions of the use of various alcoholic potions to
induce analgesia exist in the writings of Dioscorides.

A ninth century recipe in the Monte Casino Codex called
for a sponge steeped in a mixture of opium, hyoscyamus,
mulberry juice, lettuce, hemlock, mandragora, and ivy.
This somniferous sponge was used in minor operations in
1200 A.D. in Italy as described by the Hugh Of Lucca. To
revive the patient, a sponge filled with vinegar was placed
under the nostrils (16).

Mandragora was the first known anesthetic mentioned
in an English book, printed by William Bullein in 1562.
Mandragora contains alkaloids of the belladonna group,
which explains its effectiveness as an anesthetic. Two years
later, Ambroise Paré of France obtained local anesthesia by
compression of nerves. In the 16th and 17th centuries, ampu-
tations became common, and the drunken state induced
by brandy was frequently used to induce senselessness.
Freezing mixtures of snow and ice were packed around a
limb until numbness permitted an almost pain-free amputa-
tion by Marco Aurelio Severino of Italy in 1646 (17).

The concept of mesmerism and the nonpharmacologi-
cal methods of anesthesia must be mentioned. Franz Anton
Mesmer left a profound mark on the history of pain relief
with the development of the theory of “vitalism,” a revamp-
ing of the doctrine of the “power of divine touch,” for the
prevention of human suffering. Many cases of surgery,
such as amputations, in which the mesmerized patient
did not feel pain were reported. In spite of anecdotal
reports of success, mainstream medicine has always con-
sidered mesmerism to be a medical curiosity (18).

Seishu Hanaoka (1760–1835) was a Japanese surgeon
who genuinely believed that he had a duty to relieve his
patients’ pain (19). The sincerity of his compassion has
earned him the title of “Angel of Medicine” in Japan. He
created a mixture of herbs aimed at inducing an unconscious
state in which surgery could be performed painlessly. The
principal ingredients of his mixture were crushed seeds of
the morning glory plant, a rich source of hyoscyamine.
He called his mixture “tsusensan.” Legend states that he
would not try it on a patient until he had first experimented
with a volunteer. Both his wife and his mother volunteered
to be the subject of his first trial. His diary reflects that he
struggled for several days, but finally decided to try the
experiment on his wife, because she could be replaced
whereas a man has only one mother. He used the mixture
for painless removal of a breast cancer in 1805 and sub-
sequently in many operations, including some for traumatic
injuries. The Japanese Society of Anesthesiologists adopted
the morning glory as their logo in honor of Dr. Hanaoka.

Most doctors despaired at the search for a safe way to
relieve the pain of injury or the necessary surgical correction.
Many believed that pain was a necessary part of surgery
and definitely God’s will. To try to conquer it was to go
against God’s will. Some surgeons even felt that the pain
was necessary to prevent collapse. In fact, they attributed
deaths occurring during surgery to “pusillanimity” or
extreme cowardice.

EPOCH OF INHALATION ANESTHESIA, 1800

The discovery and application of anesthesia has been
called the single most important contribution of American
medicine to mankind. Who should be credited as the
discoverer of anesthesia is a controversial subject. Most scho-
lars acknowledge that the sentinel event was the public
demonstration of ether anesthesia in the amphitheater of
the Massachusetts General Hospital on October 16, 1846,
by William Thomas Green Morton. While a sentinel
event, it was the culmination of advances made by several
individuals experimenting with two agents, nitrous oxide
and ether.

In 1275, Raymundus Lullius of Spain made the discov-
ery of ether, which was then called “sweet vitriol.” In 1540,
Paracelsus synthesized “sulfuric ether” by heating sulfuric
acid mixed with ethyl alcohol. He observed the hypnotic
properties of ether by mixing the substance with grain.
When chickens were fed the mixture, they fell asleep and
experienced no pain. About the same time, Valerius
Cordus in Germany also synthesized ether. Ether became
more than a chemical curiosity. It was widely used as a
cleaning agent and solvent.

Joseph Priestly discovered oxygen in 1771 and
nitrous oxide in 1772. A scientific foundation for inhalation
anesthesia was laid when an English scientist, Sir Humphrey
Davy, in 1798 discovered the analgesic and exhilarating
effects of nitrous oxide. He also noticed that the easiest
way to administer drugs was through the lungs. In 1799,
nitrous oxide was introduced into medical practice at
Beddoes’ Pneumatic Institute primarily for the treatment of
tuberculosis and other pulmonary diseases. In Sir Davy’s
book, Researches Chemical and Philosophical, published in
1800, he describes inhaling nitrous oxide himself and
experiencing relief of a painful condition. He suggested
that the substance might be used to reduce the pain of
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surgery (20). William Allen, a lecturer at Guy’s Hospital in
England, around 1800, demonstrated the results of
inhalation of nitrous oxide, noting particularly the loss of
sensitivity to pain.

During the first quarter of the nineteenth century,
ether and nitrous oxide were both widely used for
recreational purposes. The public was invited to sample
the effects during educational lectures on chemistry. In
1844, Horace Wells, a dentist, attended one of these lectures
put on by Quincy Coulton, a chemist and medical student
from New York. Wells observed a man who was intoxicated
by the gas injured his leg but felt no pain and had no
memory of the injury afterward. On the following day,
Wells had Coulton administer the gas to him while a col-
league extracted a tooth painlessly. Wells began to offer pain-
less extractions in his dental practice free of charge.

His fertile mind gave rise to the innovative concept that
a drug could be inhaled, though in increasingly dangerous
doses, to achieve an unconscious state during which surgical
procedures could be performed without pain. His effort to
demonstrate surgical anesthesia with nitrous oxide at the Mas-
sachusetts General Hospital in 1844 was considered a failure,
because the patient cried out during the surgery although he
remembered nothing about it later. The students and surgeons
in attendance on that day called Wells’ concept “humbug.” He
spent the remainder of his life in morose depression, finally
becoming a chloroform addict and committing suicide in a
New York jail where he landed after throwing acid on a pros-
titute in a drunken rage (21).

The first public demonstration of ether anesthesia

was made before an assembled group of the faculty and stu-
dents of Harvard Medical School by Morton, a medical
student and dentist, who learned the concept from Wells,
his partner in dental practice. Morton learned of a more
powerful agent, sulfuric ether, from a professor of chemistry
at Harvard, Charles Jackson. Morton put the concept and the
agent together for a successful demonstration (Fig. 18) (22).
Morton made the first public demonstration, but he was
not the first to give ether: that distinction goes to Crawford
Long of Georgia on March 30, 1842. His diary gives detailed
descriptions of the patients whom he anesthetized including
his wife for the birth of one of their children. Unfortunately,
he did not make his findings public until six years later when
the U.S. Congress offered a prize to the discoverer of
anesthesia. By this time, ether anesthesia was being used
around the world. Nevertheless, March 30th is remembered
in the United States as Doctors’ Day, a day to honor all
medical doctors (23). Shortly after Morton’s demonstration,
on December 19, 1846, a tooth extraction was done under
ether in London, followed by its use by Listran at the
University College Hospital. The fame of ether spread
rapidly from Edinburgh to Paris. Sir J. Y. Simpson, on
January 19, 1847, used ether to relieve pain of childbirth. In
the next three months, ether revolutionized surgical practice
in Great Britain.

Around this time, others discovered that inhaled
vapors other than ether could also be utilized to provide
anesthesia. Chloroform was discovered in July 1831 by
Guthrie, followed by Liebig in November 1831 and
Soubeiran in January 1832, but Jean Baptiste Dumas of
France defined the physical and chemical properties of
chloroform in 1835. In 1838, Dr. Formby of Liverpool first
used chloroform as a soothing antispasmodic. In 1842,
Dr. Mortimer Glover, a young Edinburgh graduate discov-
ered that chloroform was a powerful anesthetic and that
one of chloroform’s effects was to cause insensibility.

In 1847, Simpson used chloroform on patients and
later published “Remarks on the Super-Induction of Anesthesia
in Natural and Morbid Parturition with Cases Illustrative of the
Use and Effects of Chloroform in Obstetric Patients.” Four days
after its publication, the first death under chloroform
anesthesia took place near Newcastle, England. Hannah
Greener, a healthy 15-year-old, succumbed to chloroform
on January 28, 1847, during a procedure to remove an
ingrown toenail (22).

The Mexican War of 1845
Surgery has always been a major problem in wartime.
The Mexican War of 1845 to 1848 was already underway
when Morton demonstrated ether anesthesia in Boston.
Casualties in the war were numerous, and amputations
were considered the best treatment option for many
extremity wounds. Military surgeons, who performed
these operations on their screaming comrades, urged their
superiors to permit the use of ether, but medical conserva-
tism prevailed. Dr. Thomas Lawson, Surgeon General
of the army during the Mexican War, responded to the
physician’s urgings by stating, “The new substance is ill
adapted to the rough usage of the battlefield.”

The war with Mexico marked the first use of
anesthesia for combat casualties (24). The news about
anesthesia reached a semiretired surgeon named Edward
H. Barton in New Orleans. He received instruction from
Morton and reported for duty in the army. He accompanied
the American troops who landed at Vera Cruz in March
1847. According to Aldrete (24),

In the process of disembarking, a German porter
recently recruited was accidentally shot in his legs
when a musket discharged spontaneously while he
was unloading a wagon. After attempts to save
his legs failed, the doctors decided to amputate both.

Figure 18 First successful anesthesia. Painting (1882) by Robert

Hinckley. Morton, a medical student and dentist, was the first to

successfully demonstrate publicly the use of surgical anesthesia on

October 16, 1846, at the Massachusetts General Hospital. Source:

Courtesy of Francis A. Countway Library of Medicine, Boston

Medical Library, Cambridge.
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Despite the surgeon’s skill and expediency, the porter
screamed, cried and swore throughout the first ampu-
tation so the second was postponed. On the next day,
March 29, Barton proceeded to administer the first
anesthetic in a war. The porter slept through the
entire operation without moving one muscle and
woke up cheerful and without complaint at the end
of it.

This result was good, but Barton’s luck did not hold.
He had a few deaths and concluded that anesthesia was
dangerous for war casualties. He failed to perceive that
ether behaved differently in the heat of Vera Cruz compared
to the winter of Boston.

Aldrete reports that anesthesia was also used on
Mexican casualties by Dr. Van der Linden, a bright young
surgeon of Dutch descent who served in the Mexican
army. There is also mention of ether anesthesia at the
Battle of Cerro Gordo, near the town of Xalapa, on April 18,
1847, and Jose Matilde Sansores administered ether on
June 15, 1847, in Merida, Yucatan.

Surgeon General Lawson subsequently changed his
attitude and ordered the army to examine the benefits of
anesthesia in military surgery. The examination of the
benefits of anesthesia for military surgical applications had
proponents and opponents. One opponent, Army surgeon
John Porter, had an unfavorable outlook on anesthesia as
he related uncontrollable hemorrhage to ether. He said,
“Anesthetics poison the blood and depress the nervous
system; and in consequence, hemorrhage is more apt to
occur and union by adhesion is prevented.” Porter’s attitude
contained a powerful psychosocial bias claiming that
anesthetics robbed the soldier of his “manliness” by not
allowing him to experience pain during surgery (25).

The American Civil War
The Civil War of 1861 to 1865 was a landmark event in U.S.
history. The war not only freed the slaves and established
forever the unity of the states but is also considered by
many historians to be the first “modern” war. While the
Civil War may be the first modern war, the practice of
medicine in America was still in what Civil War Surgeon
General William Hammond called the “medical middle
ages,” with most doctors having only two years of medical
school. Physicians at the time of the American Civil
War were without the knowledge of the utility of sterile dres-

sings, antiseptics, and antiseptic surgery.
Wounds from bullets were the main traumatic cause

of men being sent to the hospitals. Fourteen percent of
these bullet wounds caused death, and 71% of bullet
wounds were the cause of amputations. The primary rifle
ammunition of the Civil War was Minie balls, made of soft
lead about the diameter of a quarter. Minie balls would
flatten upon impact. These deformed bullets would rip
through organs and shatter bones. On the battlefield, the
most common cause of death was hemorrhage. As blood
transfusions did not exist, the blood lost was irreplaceable.
Amputation of limbs struck by Minie balls was the most
common surgical procedure during the Civil War.

At the beginning of the Civil War, surgeons were
generally ignorant regarding anesthesia and the controversy
regarding its safety in a military setting. Both Union and
Confederate armies lacked doctors with expertise in giving
anesthesia. A few surgeons still believed that the stress of
pain during surgery was beneficial as a “stimulant,” which
helped to reverse shock. Romanticized tales were told of

soldier’s “biting the bullet” or getting rip roaring drunk
prior to going under the surgeon’s knife. Morphine, which
was the leading painkiller of that time, was rubbed into
wounds or dusted directly into them. Opium pills were
also available. Both drugs deadened the pain prior to and
after surgery.

By the end of the Civil War in 1865, anesthesia had
been available for almost 15 years and was being extensively
applied. Anesthetic agents were manufactured in the north-
ern states or imported from the British Isles. The Union
forces, which were in control of the high seas, had easy
accessibility to both ether and chloroform. Confederate
forces on the other hand had difficulty importing supplies
past the Union naval blockade.

On the Union side, anesthetics were used in over
80,000 cases. The record of the Civil War surgeons was
quite remarkable as reported in Surgeon General
Hammond’s “Medical and Surgical History of the War and
Rebellion” or MSHWR. Of the 80,000 cases, the anesthetic
agent was definitely known in 8900 (76% chloroform, 15%
ether, and 9% mixed agents). The anesthetic mortality was
low during the Civil War despite the poor battlefield con-
ditions. There were 37 deaths from chloroform, four from
ether and two from a combination. Probably the brevity of
anesthetics combined with speedy surgery explains the
low mortality. Chloroform was the agent of choice because
of its nonflammability and speed of action. The open drop
technique (Fig. 19) was the most common method of appli-
cation. The sweet smelling liquid was sprinkled onto a
cotton cloth over the soldier’s nose, and mouth. Amputa-
tions took no more than 15 minutes, and the average dur-
ation of the anesthetic was a little over 20 minutes.

W. T. G. Morton, discoverer of ether anesthesia, served
in the Union Army and received permission from the
Surgeon General to provide anesthesia during the Battle of
the Wilderness and the Battle of Spotsylvania, May 4–9,
1864. He wrote of anesthetizing over 400 casualties and of
producing perfect anesthesia in an average time of three
minutes (26).

Figure 19 Open drop method. Image shows Skinner’s wire

frame mask. Mask is placed over patient’s mouth and nose. A cloth

is placed over the mask. Chloroform (or ether) is dripped onto the

cloth. Patient inhales the ether and is anesthetized.
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On the Union side at the outset of the Civil War, there
was marked disorganization in the treatment of battle inju-
ries, including the evacuation of injured from the field of
battle. For example, following the second Battle of Bull
Run, a letter sent to the Secretary of War, Edwin Stanton,
by the Surgeon General Hammond noted that a week
after the end of the battle, 600 wounded were still on the
battlefield in horrible condition (27).

The disorganization of the evacuation of the injured
was eventually addressed by the widespread adoption of
the plan generated by Surgeon Jonathan Letterman of the
Union Army of the Potomac, which General McClellan
ordered for the Army of the Potomac on August 2, 1862 (28).
The “Letterman Ambulance Plan” provided that ambulances
of each division moved together, under a mounted line
sergeant, with two litter bearers and one driver for each
ambulance. Medical officers from regiments accompanied
the regiment into battle, setting up stations for the immediate
treatment of the injured as near the fire line as possible.
The ambulance corps would arrive at the immediate care
stations as soon as possible and transport the injured to
field hospitals (Fig. 20). As an example of the improvement
in the evacuation of the injured under the “Lettermans
Ambulance Plan,” in the early morning of July 4th, the day
following the end of the Battle of Gettysburg, not one
wounded Union man remained on the battlefield (29).
Similar developments in the evacuation of wounded from
the battlefield also took place on the Confederate side.

DISCOVERYOFANTISEPTIC STRATEGIES,1848

The basis for antiseptic surgery goes back to the early 19th
century. Born in 1818, Ignaz Philip Semmelweis became
the head of the first obstetrical clinic at the Allgemeines
Krankenhaus (Vienna General Hospital) in 1847. He noted
a dramatic difference in the maternal mortality rate due to
puerperal fever between the first (13% mortality) and
second (2% mortality) obstetrical clinics despite the use of
identical techniques within the same hospital. The difference
between the two clinics was the identity of the individuals

who worked in each clinic, with the first obstetrical clinic
being the province of medical students and the second
obstetrical clinic being staffed by midwives. Following the
death of a friend, Jacob Kolletschka, who contracted an infec-
tion from a wound suffered during an autopsy, and mani-
festing symptoms identical to puerperal fever, Semmelweis
took note. He soon thereafter correctly theorized that
medical students were transmitting infectious material
from the autopsy cadavers on their hands and into the obste-
trical clinic where they performed pelvic examinations.
He instituted a policy of having medical students wash
their hands with chlorinated lime between autopsy and
obstetrical Clinic, resulting in a dramatic drop in maternity
mortality rate in the first obstetrical clinic.

Semmelweis extended the washing protocol to instru-
ments used on patients in 1848, documenting success in
virtually eliminating puerperal fever in the obstetrical ward.
Despite this success, the protocols of Semmelweis were
largely ignored by others, partly due to the fact that the
germ theory of disease had not yet been fully developed;
in addition, Semmelweis was often impolite and unrefined
in his responses to critics of his methods. Although
Semmelweis was known during his lifetime as the “Pesth
fool” (because his birthplace was Budapest), soon after
his death, his doctrine (the basis of current infection

control practices) was accepted, and he is now known as
the “father of puerperal fever.”

Joseph Lister, an English physician born in 1827, is
credited with being the father of modern antisepsis, but it was
Semmelweis whose epidemiologic discoveries provided
the initial insights. Lister had read the work of Louis
Pasteur in which Pasteur demonstrated fermentation could
occur in the absence of oxygen if there were micro-organ-
isms present. Pasteur had recommended the use of heat,
filtration, or exposure to chemical substances to eliminate
micro-organisms. With heat and filtration being difficult to
use on living patients, Lister experimented with solutions
of carbolic acid, spraying the solution on surgical instru-
ments, wounds, and dressings. Lister discovered that the
use of carbolic acid greatly reduced the incidence of
gangrene and published his findings in Lancet in 1867.
Lister also read the works of Semmelweis and appropriately
credited him, stating, “Without Semmelweis, my achieve-
ments would be nothing” (30). One of the most signifi-

cant advances in medicine in World War I was the use of
antiseptics in surgery.

By the time of World War I, many other advances
in medicine had been made and were incorporated in the
treatment of those injured in battle, and old lessons, such
as the need to rapidly transport the injured to medical care
were improved upon. Two other significant developments
incorporated to treat battle trauma included blood transfu-
sion and the diagnostic use of X rays. With the then recent
discovery that sodium citrate would hinder coagulation of
blood without adverse impact, as well as the discovery
of the use of saline to replace blood volume, by the end
of the war it was common for traumatized soldiers to
receive blood transfusions. This was no doubt facilitated
by developments following the work of Francis Rynd of
Dublin who developed the first hypodermic trochar in
1844. In 1914, William D. Coolidge of the General Electric
Company developed the hot-cathode X-ray tube, which
increased the reliability and output of previous X-ray
tubes. X rays were widely used to assist in locating shrapnel
within the injured as well as to set broken bones at field
hospitals.

Figure 20 Civil War ambulance. Ambulance drill at headquar-

ters, army of the Potomac near Brandy Station, March 1864.
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A French postwar study of the role of rapid treatment
for shock demonstrated that delay in treatment of shock had
a dramatic impact upon mortality. The French study,
Da Shock Tramatique dans les Blessures de Guerre, Analysis
d’Observations found that a delay in treatment from one
hour to eight hours resulted in a rise of mortality rates
from 10% to 75% (31). This study served as one of the
sources of information for the development of the “golden
hour” concept that was advocated by R. Adams Cowley
during the Vietnam era.

Pain relief became an important consideration for
World War I commanders and leaders, and their concern
led to important advances in inhalation anesthesia. Argu-
ably, the most important was to improve the competence
of the individuals administering the anesthetics. The
volume of casualties was horrific.

Operating rooms were arranged so that a single
anesthetist could care for three patients simultaneously, an
arrangement that is still utilized today in situations where
anesthesiology personnel are limited. In those days, the
anesthetist might have been a medical doctor without special
training, a nurse anesthetist with accelerated training, or a
dentist or corpsman without any specific training whatsoever.

Out of this milieu, a hero in the field of anesthesiology
and resuscitation was produced. Arthur Guedel (1883–1956)
described the practice as he found it in those days. “The
methods are slipshod and careless to a degree that causes
an enormous wastage of anesthetic material and occasional
accidents which are costly to the government to say
nothing of the occasional loss of life of an American sol-
dier . . . A system of suggestions and instructions . . . in the
matter of surgical anesthesia would go far toward saving
money, time, and life. Guedel found that he would have
to do the instructing himself. Guedel developed a cuffed
endotracheal tube to allow airway protection from aspira-
tion. He demonstrated the efficacy of this invention by
placing a small intubated dog upside down submerged in
an aquarium (Fig. 21). He developed training programs
for professionals and lay personnel at two key locations to
instruct students in airway management and monitoring
vital signs and depth of anesthesia.

He developed a chart of the signs of the stages of ether
anesthesia, which would become a standard for teaching
for 50 years. In order to supervise anesthetic care in

several hospitals, he made his rounds by motorcycle and
became known as “the motorcycle anesthetist of WWI.”
Thereafter, the importance of the training and qualifications
of doctors and nurses who were responsible for the admin-
istration of anesthesia to the troops was recognized by
improved rank and conditions (32).

During and following World War I, inhalation anesthe-
sia was enhanced in many important and enduring ways.
Anesthesia machines capable of delivering compressed
gases, oxygen, nitrous oxide, and ether vapor were devel-
oped in the United States by Gwathmey, in Germany by
Connell, and in England by Boyle. Ivan Magill introduced
endotracheal intubation in 1918 in order to facilitate
reconstructive operations on the face and the neck. Waters
introduced carbon dioxide absorption in 1924.

EPOCH OF REGIONAL ANESTHESIA, 1884

The seminal event that started the epoch of regional
anesthesia was the report of the use of cocaine for topical

anesthesia of the eye in 1884 by Viennese ophthalmologist
Karl Koller (1857–1944). Koller was dissatisfied with
the available anesthesia of the time for delicate
eye surgery. He complained that patients were restless and
coughing during surgery, and were in pain and vomiting
postoperatively.

He collaborated with Sigmund Freud, a research
associate in pharmacology to study the use of cocaine
for topical anesthesia in the eye. Austrian explorers had
returned with a supply of leaves from the South American
coca tree, which they gave to the laboratory. Freud had
confirmed the numbness of the tongue when he chewed
the leaves, and Koller made the connection that cocaine
would also work if dropped onto the conjunctiva. Freud
later became famous for psychoanalysis and psychotherapy
and never wished to be recognized for his role in regional
anesthesia (33).

The famous surgeon William Halstead of Johns
Hopkins University was the first to try cocaine for nerve
blocks of the upper extremity and face in 1886. Halstead
became addicted to cocaine and ultimately died from the
effects, not of cocaine but rather of the morphine that his
doctors tried to substitute for cocaine to break his addiction.
August Bier of Germany was the first to use cocaine for
spinal anesthesia in 1898 (34). In subsequent years, regional
anesthesia was generally used as an alternative to general
anesthesia to allow surgery on patients who were considered
too frail for the rigors of ether inhalation.

Regional anesthesia was particularly valuable in war
situations where shortages of medical personnel existed.
During World War I, as in all wars, trauma and shock
were common and unavoidable manifestations. Anesthesia
had not yet become a science, and practitioners were fre-
quently ignorant and unskilled. Airways and oxygen for
resuscitation were generally unavailable. Limb injuries
were frequent and surgical speed was of utmost importance.
The correct choice of anesthetic was important. Dr. Cushing,
at the Harvard Unit, introduced the phrase “regional
anesthesia” and preferred its use because, in his opinion,
the complications of general anesthesia like cerebral vasodi-
latation and hypotension could be avoided.

Spinal and regional anesthesia became increasingly
popular. The French surgeon Victor Paruchat strongly
advocated spinal anesthesia for all surgery below the tenth

Figure 21 Guedel dunked dog. Arthur Guedel demonstrated

the safety of endotracheal intubation with a cuffed tube by

submerging his anesthetized pet, Airway, in an aquarium while

the animal breathed an ethylene–oxygen anesthetic through an

underwater “to and fro” anesthesia circuit.
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thoracic dermatome. Nerve blocks were performed for
amputations, rib resections, and upper extremity surgery.
For abdominal surgery, many surgeons used combined
field blocks with splanchnic nerve blocks. Stovaine
(amylocaine) and procaine were popular anesthetics. Some
statistics reflect the use of spinal anesthesia in 12% of all
operations. However, anesthesiology and surgical trauma-
tologists subsequently became fearful of the hypotension,
which inevitably occurred with spinal anesthesia and the
exacerbation of shock in hemodynamically unstable patients
were occasionally fatal. In his paper, Captain Geoffrey

Marshall wrote that the death rate from anesthesia
was due to “giving the wrong anesthetic or giving the
right anesthetic wrongly.” He found that, by determining
the hemoglobin concentration, he could predict the
circulating volume and the patient’s ability to safely tolerate
a spinal anesthetic (35).

EPOCH OF INTRAVENOUS ANESTHESIA AND
ANTIBIOTICS, 1934

The seminal event in the development of IV anesthesia
was the report of the use of thiopental for induction of

anesthesia in 1934 by John Lundy (1894–1973), who was
head of the section of anesthesia of the Mayo Clinic in
Rochester, Minnesota (36). As with inhalation and
regional anesthesia, several advances led up to the clinical
application of IV anesthesia. The syringe was described in
ancient Greece and was used from time to time over the cen-
turies. The piston syringe was used for urethral injection of
mercurial salts in England by the 1550s for the treatment
of syphilis. Indeed, the battleship Mary Rose sank
in Portsmith Harbor in 1542 with a load of these syringes
on board. Christopher Wren experimented with the syringe
in the 1650s to inject opioids intravenously using a quill for
a needle and a frog bladder for a syringe (similar to that
shown in Fig. 22). Further developments of the hollow
needle and the syringe for IV injection by Alexander Wood
of Edinburgh in 1853 led the way to more frequent usage.

Fischer of Berlin first synthesized hexobarbital (evipal)
and won a Nobel Prize for his work. In 1932 Weese, Schraff,
and Reinoff reported on the IV use of Evipal during surgery

(37). However, their report attracted little attention in
Europe, whereas Lundy’s report revolutionized the practice
of anesthesia all over the world.

The simplicity of IV anesthesia was responsible for
its instant popularity and nearly for its downfall. The
drugs (evipal or hexobarbital, and pentothal or thiopental)
were portable, nonflammable, and required little ancillary
equipment. The simplicity of administration implied that
anyone who could push the plunger of a syringe could
give an anesthetic. The armed forces stockpiled huge quan-
tities in strategic locations such as Tripler Army Hospital
in Hawaii, so the drug was freely available when the
Japanese struck on December 7, 1941.

During the surprise attack on Pearl Harbor, 2403 soldiers,
sailors, and civilians were killed (1227 died on the two
battleships, USS Arizona and Utah). Thirteen military and
civilian hospitals received 1178 wounded persons on that
day. Most wounds were produced by shrapnel and
consisted of large lacerations and compound, comminuted
fractures. Hypovolemic shock was frequent, adequate
supplies of blood and plasma did not exist, and saline
solutions were considered contraindicated. In hindsight,
the latter is surprising, because Thomas Aitchinson Latta
had successfully used saline to treat circulatory shock
caused by cholera as early as 1832. Morphine was given in
doses of 30 mg, many times repeatedly, because records
were not kept. A substantial number of these patients
required anesthesia and surgery. Some received thiopental
alone as a bolus IV dose of 0.5 to 1.0 g, leading to respiratory
depression, cyanosis, and death (38). Oxygen and positive
pressure respirations were not available. Artificial respir-
ations were attempted by the Sylvester method popularized
for the nearly drowned.

The resulting deaths led to the conclusion that IV
barbiturate anesthesia was dangerous for shocked patients
suffering from heavy blood loss. The same conclusion was
made for regional and rectal anesthesia. Military surgeons
concluded that open drop ether was preferred for casualties,
especially when experienced anesthetists were not available
(39). Bennetts felt that the main problems were lack of
oxygen and equipment for administering oxygen, lack
of proper fluid resuscitation of shock, and excessive use of
morphine (40). By 1944, after the teachings of Adams,
anesthesiologists had learned to use the IV anesthetics
with proper respect to their pharmacology and with
proper resuscitative equipment available (41).

One of the major advances in treating wounded
soldiers in World War II was the advent of antibacterial
agents such as sulfa and penicillin. In 1935, German
biochemist Gerhard Domagk published his findings on
experiments with Prontosil sulfonamide to treat strep-
tococcal infections in mice. Subsequent researchers discov-
ered that the active component of prontosil sulfonamide
was sulfanilamide. Sulfanilamide proved to be an effective
method of combating infection. American soldiers were
issued a first aid packet containing sulfa powder and told
to sprinkle the powder on any wound.

In 1928, Scottish scientist Alexander Fleming noticed a
halo of inhibition of staphylococcus bacterial growth
surrounding a mold. He isolated the mold and discovered
it was Penicillium notatum. After experimentation, Fleming
concluded that penicillin could not last long enough in
the human body to fight bacterial infection and halted his
efforts to develop penicillin between 1931 and 1934. In 1939,
Australian scientist Howard Florey and a team of researchers
at Oxford University demonstrated the antibacterial action

Figure 22 Early illustration of IV infusion apparatus from

Major’s text of 1667. Source: From Major JD. Chirurgia infusoria,

Keil, 1667. Courtesy of Wellcome Institute for the History of

Medicine, London.
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of penicillin in vivo, showing its effect on mice. One of
the significant problems with utilizing penicillin was the
difficulty in producing sufficient amounts, complicated by
renal clearance. Early in the course of the war, it was
common to collect the urine of those being treated with
penicillin so as to isolate and reuse the penicillin.

In the early 1940s, the chemical structure of penicillin
was determined, and Florey, working with biochemist
Ernst Chain, discovered a method of mass producing peni-
cillin. By 1945, the production of penicillin was an industrial
process in the Allied nations. Fleming, Florey, and Chain
shared the 1945 Nobel Prize in medicine for their work on
penicillin.

The importance of leaving contaminated wounds open
and later closing if appropriate was firmly established
in World War II. At the urging of Colonel Edward
D. Churchill, the surgical consultant for the U.S. Army in
the Mediterranean theater of operations, a program of
“early reparative surgery” was established in 1944. Such
treatment consisted of delayed primary closure of the
wound between the fourth and tenth postinjury days if
the wound was clinically assessed to be “clean.” “Delayed
primary closure” was performed on simple soft-tissue
wounds without penicillin therapy and complex wounds
(i.e., those involving large volumes of muscle, bone, joint,
nerves, or vessels) were closed and 40,000 units of penicillin
were administered every three hours. The success of such
treatment completely altered the military policy guiding
the care of soft-tissue wounds, and these lessons carried
over to civilian practice as well.

In 1941, the Birmingham Accident Hospital opened
in England, the first hospital set up specifically to treat
injured, as opposed to ill persons, becoming the world’s
first trauma center. The Accident Hospital came out of
studies declaring that the treatment of injured persons
within England was inadequate and recommended that sep-
arate hospitals for the treatment of injured be established. By
1947 at Birmingham Accident Hospital, there were three
trauma teams each consisting of two surgeons and an
anesthesiologist as well as a burn team consisting of three
surgeons. These teams were led by an Australian
surgeon, Professor William Gissane. Gissane’s leadership
was based on four premises. These were separation of the
ill from the injured, continuity of care by a single team
from the time of admission to the time of discharge, care
directed by a senior surgeon, and, lastly, rehabilitation
provided as an integral part of the care package and
started from the time of admission. Gissane was also
ahead of his time, because he recognized the importance of
a trained anesthetist as an integral part of the trauma team.
Consequently, he encouraged the anesthetists to manage
not only the airway and breathing but also the circulation.
In order that they might fulfill these duties effectively,
he relieved them of other duties such as cross-matching
blood. In general, the Accident Hospital anesthetists used
techniques common at that time. However, they were appar-
ently dissatisfied with the analgesics available, particularly
in the prehospital setting, and from 1948 to 1954 frequently
gave IV procaine.

EPOCH OF FLUID THERAPY FOR TRAUMA, 1950

The revolutionary proposal to use balanced salt sol-

utions in the treatment of surgical and traumatic shock is

one of the most important innovations in the modern

care of the surgical patient. This proposal was made in
1950 by a team of doctors including Drs. M. T. Jenkins,
Carl Moyer, Tom Shires, and Ben Wilson. In those early
days, Ringer’s Lactate solution and normal saline were the
only choices available. (The story of Ringer’s and Hartman’s
solutions is chronicled in Volume 1, Chapter 11.) The innova-
tive idea changed forever the way we think about fluid
therapy in traumatized and surgical patients. In this
respect, the proposal in 1950 launched the epoch of fluid
therapy of trauma (42).

Before 1950, surgeons and physiologists felt that salt
solutions were contraindicated in the traumatized patient,
who was said to be intolerant to salt. This prevalent
attitude can be traced to the work of Dr. Carl Moyer, a
surgeon with an interest in the metabolic problems of the
surgical patient. He gave a liter of normal saline to a series
of healthy medical students and observed that all the
sodium was promptly excreted in the urine. The balance of
sodium intake and output was perfectly maintained in the
healthy human body. The same salt load was given to
anesthetized surgical patients, but they did not excrete the
sodium. Under the influence of anesthesia and surgery,
the kidneys transiently retained the salt load. He concluded
that the patients were intolerant to sodium and rec-
ommended that salt be withheld from anesthetized surgical
patients. His research was presented at the Massachusetts
General Hospital on the occasion of the celebration of
the centennial of the introduction of anesthesia in
October 1946 and published in Southern Surgeon (42).

All influential surgeons and physiologists of the time
supported Moyer’s recommendation. Traumatized patients
were given small amounts of D5W and, if blood loss was
excessive, they were given transfusions of whole blood.
The turning point came in 1950. A series of critical patients
in hemorrhagic shock who received D5W and massive
transfusions of whole blood for resuscitation developed
high hematocrits, stiff lungs, and pulmonary failure. At
autopsy, they displayed a condition named “congestive
atelectasis” (43). The authors theorized that the hemoconcen-
tration and congestive atelectasis could be prevented if
patients were given simultaneously a fluid that resembled
extracellular fluid (in those days, Ringer’s lactate). Sub-
sequently, Shires demonstrated the deficit of interstitial
fluid, which occurs in hemorrhagic shock in dogs and
humans (44). This work validated the use of balanced salt
solutions in hemorrhagic shock. Using radioisotopes,
Shires demonstrated the acute sequestered edema space
(also called incorrectly the “third space”) associated with
trauma and blood loss. He confirmed the deficit of healthy
extracellular fluid, which results from the formation of the
edema space. The opinions of surgeons and physiologists
were gradually changing. Salt solutions were no longer felt
to be contraindicated in surgical patients. Instead they
were indicated and, in fact, were life saving (45). Our con-
cepts of fluid therapy in traumatized patients were thereafter
changed forever.

We now know that Carl Moyer’s anesthetized
surgical patients retained sodium from their saline load to
compensate for acute sequestered edema and not because
the kidneys were unable to excrete salt. His observations
were accurate but his conclusions, based on his interpret-
ation of the data, were wrong. Subsequently, in a lecture
before the Association of University Anesthesiologists
in Dallas, Moyer admitted error and became an ardent
protagonist for the use of balanced salt solutions in surgical
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patients. Dr. Jenkins applauded this action saying, “It seems
quite appropriate to praise a remarkable man, Carl A. Moyer
(1908–1970), as a giant among physicians and a leader
of great integrity. It must not have been easy for him to
reverse published opinions for which he received consider-
able acclaim” (46). We know that Dr. Jenkins’s patients
developed higher hematocrits, because they transferred
the liquid portion of the transfused whole blood to the extra-
vascular, interstitial space in order to compensate for
sequestration of extracellular fluid into the new edema
space. Three decades of basic and clinical research have
provided a clear understanding of the pathophysiology of
acute sequestered edema and have resolved most of the
controversies.

The use of balanced salt solutions in the resuscitations
of traumatic, hypovolemic shock has been accepted all over
the world and has saved millions of lives (47). The revolu-
tionary proposal in 1950 by Dr. Pepper Jenkins (Fig. 23)
and his colleagues to give salt solutions to surgical patients
changed forever the way we practice medicine and the
way we think about fluid therapy in the surgical patient.
The most recent development in this concept is the use of
hypertonic saline dextran in the resuscitation of traumatic
shock. This story and others related to the history of fluid
resuscitation are found in Volume 1, Chapter 11.

EPOCH OF PRECISIONMONITORING AND RESUSCITATION
FOR ANESTHESIA ANDTRAUMA,1986

The seminal event in the development of “precision
anesthesia and analgesia” was a resolution adopted by
the house of delegates of the American Society of Anesthe-
siologists, which bound all 30,000 members to a set of
“Standards for Basic Anesthesia Monitoring” (48).

Anesthesiologists were bound to monitor blood pressure

pulse, and electrocardiograms, and evaluate adequacy of
respiration and oxygenation. These simple standards were
adopted and practical because of recent amazing advances
in the technology of monitoring. These two principles fit
hand in glove to greatly reduce the mortality of anesthesia.
Most recent figures set the mortality at 1:240,000. Once
again, the important events leading up to the sentinel
event stretch back to the beginnings of the specialty.
Joseph Clover (1825–1882) (49) realized that chloroform
had many advantages over ether. It was more rapid on
induction, more pleasant to breathe, and more potent, that
is, it would produce anesthesia in lower concentration.
He also realized that, because of its potency, it could
rapidly cause overdose and death. He set about to devise a
system that would give a known concentration and
produce anesthesia without causing death. He realized
that he could not accomplish this goal with the open
drop technique. He made a rubberized canvas bag with a
capacity of 100 L. Using Avogadro’s number, he calculated
the exact amount of liquid chloroform that he must add
to the bag filled with air to have a known concentration.
The patient breathed from the bag with a nonrebreathing
valve, and the first precision anesthetic was administered
(Fig. 24) in 1862. Modern anesthesia machines deliver

precise concentrations of anesthetic drugs and analyze
the mixture inhaled and exhaled by the patient to assure
that the concentration remains in a safe range. John
Snow designed and built a temperature-compensated
vaporizer.

Monitoring of the response of the cardiovascular
system to anesthetic drugs had its beginnings with a very
famous neurosurgeon from Boston named Harvey Cushing
(1869–1939). Cushing had visited Europe and witnessed
the blood pressure being taken by the Riva Rocci technique
with a cuff and stethoscope. He felt that the technique
would have value during anesthesia for his operations, so
he insisted that his anesthetist monitor blood pressure and

Figure 23 Dr. Pepper Jenkins at Parkland Memorial Hospital’s recovery room with nursing assistants administering crystalloid solutions to

trauma victims and other postsurgical patients in 1960.
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record it on a chart so that Cushing could review it later. The
first anesthesia record, dated July 17, 1895, showed that
blood pressure and pulse varied widely during the case,
but remarked that the patient did not vomit, was not nau-
seated, and was very quiet at the end of surgery. Keeping
a record contributed to analysis, comparison, and develop-
ment of precise techniques (50).

The commercial availability of the respiratory gas
monitor, which could measure concentrations of carbon
dioxide, oxygen, nitrogen, and anesthetic gases entering
and leaving the patient’s lungs, greatly increased the
safety of anesthesia. Now, it could be guaranteed that the
patient always received enough oxygen to sustain cardiac
and brain function; the patient always received enough
anesthetic agent to assure unconsciousness but never an
overdose; the endotracheal tube was correctly placed; and
the ventilation was appropriate.

The final important technological advance in moni-
toring was the invention of the pulse oximeter (see
Volume 1, Chapter 17, and Volume 2, Chapter 8) in Japan
by Takuo Aoyagi in 1973, which enabled anesthesiologists
to have early warning about conditions leading to hypoxia.
Historically, anesthesiologists relied on color changes in
the lips or nail beds to detect hypoxia. Aoyagi’s machine
registered changes in oxygen saturation in a capillary bed
long before any color change could be perceived visually.
The earlier warning permitted a careful differential diagno-
sis and corrective action before hypoxia became severe. Pre-
cision anesthesia, then, is the balanced use of an induction
agent (frequently a barbiturate), a neuromuscular blocking

drug, an opioid for analgesia, and an inhalation agent for
maintenance hypnosis.

Modern precision anesthesia includes postoperative
analgesia. One commonly used technique is an indwelling
epidural catheter with periodic or infusion doses of low
concentrations of local anesthetic drugs or opioids. The
second technique is patient-controlled analgesia, or PCA.
PCA is a syringe pump that delivers a prescribed dose of
opioids such as morphine or fentanyl whenever the patient
feels pain and pushes a button. Both techniques represent
remarkable advances in the management of postoperative
pain. The quality of pain relief is better with epidural
technique in cases where epidural is appropriate. PCA is
universally appropriate. It empowers the patient and
requires less time from the nursing or physician staff. Both
techniques have definitely contributed to modern precision
analgesia.

EPOCH OF EMERGENCYMEDICAL SERVICES (CURRENT ERA)

The emergence of the emergency medical services was a
social trend which does not have a clear sentinel event or
a clear champion. In the two decades from 1950 to 1970,
emergency care evolved from simple first aid in the emer-
gency room to sophisticated prehospital and emergency
room medicine practiced by well-trained, widely available
professionals. Even the experts who participated in the
development of the trend do not agree on the genesis
(51,52). The development most likely resulted from a
growing public dissatisfaction with the prehospital ambu-
lance service combined with rediscovery of the technique
of closed chest cardiac compression for resuscitation of
cardiac arrest.

Funeral homes and some police or fire departments
using vehicles that resembled station wagons provided
ambulance services in 1950. The drivers had first aid train-
ing, which consisted of bandaging and artificial respiration,
using the Sylvester technique (arm lift, chest compression).
Once the patient was loaded in the vehicle, the driver
hastened to the nearest hospital as quickly as possible. The
patient received no attention during the trip, so speed was
important. Safar of Pittsburgh and Nagel of Miami
developed the concept of paramedics, who would perform
emergency care including cardiopulmonary resuscitation at
the scene of an accident or illness, communicate with a
medical doctor at a base station (usually, a hospital emer-
gency room), and continue to minister to the patient in
transit in a specially designed vehicle equipped to carry
out these functions.

The concept spread to Europe where the combination
of greater population density plus a glut of doctors per-
mitted the luxury of having a medical doctor ride in the
emergency ambulance. Both the European system with a
doctor on board and the American system based on para-
medics claim advantages and both systems have shortfalls.
No clear benefit in outcome has been demonstrated. The
debate over the superiority of each system continues. In
the meantime, the revolution in emergency medical services
has brought many changes for the healthcare professions
and for the public.

For the healthcare professions, we now have a well-
trained, well-equipped, widely dispersed emergency
response system, which is activated by a telephone call,
usually to 911. The operator who answers will dispatch

Figure 24 Clover bag anesthesia. Using a Clover bag filled

with chloroform, Joseph Clover anesthetizes a patient.
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police, fire fighters, or paramedics. The paramedics who
arrive are well trained in rescue, extraction, and emergency
care. The ambulances, now called Mobile Intensive Care
Units, are modern and well suited for resuscitation at
the scene and transit to hospitals, which are chosen for
their ability to handle specific clinical problems, not
simply the nearest hospital. The paramedics are in contact
with a base station where all specialties are available for
consultation; for example, an obstetrician can be called for
an obstetrical emergency, a pediatrician for a pediatric emer-
gency, etc. On arrival, a medical specialist in emergency
medicine assumes the care of the patient. The new specialty
of emergency medicine was born in Pittsburgh in 1979
under the leadership of Ronald Stewart and Paul Pepe.
As a medical specialty, the growth of emergency medicine
has been explosive.

For the public, the widespread publicity surrounding
the growth of emergency medical services has led to high
expectations and demands. In an interval of 30 years, the
public has come to expect that the emergency medical
service must be as widespread, responsive, and excellent
as police or fire services (see Volume 1, Chapter 7). To have
achieved the organization, education, and implementation
of the complex emergency medical system in such a short
time is truly phenomenal.

SUMMARY

Trauma has been a constant incident to human life. We
have seen that ancient civilizations often had surprisingly
sophisticated methods of diagnosing and treating victims
of trauma. The history of the treatment of trauma also
reveals that knowledge from prior civilizations, whether
correct or incorrect, has had considerable staying power, as
witnessed by the continued influence for centuries of
both Galen and the teachings of the Edwin Smith Papyrus
through the Hippocratic Corpus. With the advent of the
use of scientific methods to examine the human body and
its condition, however, more modern times have seen
rapid developments in methods to treat traumatized
patients.

The first reported general anesthetic was Biblical:
“God caused a deep sleep to fall on Adam.” For the next
million years, mankind was sympathetic for the pain of the
injured and sick, but the available plants and medications
were not very effective. Plants and extracts were applied to
wounds, and wine infused with herbs was offered with
little success. The breakthroughs came as sentinel events,
which were followed by long periods of completely
changed behavior. The epoch of inhalation anesthesia
began in 1846 when Morton demonstrated ether anesthesia
in Boston. The epoch of regional anesthesia began when
Koller dropped cocaine onto the conjunctiva for eye
surgery in Vienna Austria in 1884. IV anesthesia began
when Lundy injected thiopental for induction of anesthesia
at the Mayo Clinic in 1934. The epoch of neuromuscular
blockade began when Griffith used curare for abdominal
surgery in Montreal in 1942. The epoch of precision
anesthesia began in 1986 when the American Society of
Anesthesiologists adopted the standards of basic monitoring
in anesthesia. The epoch of fluid therapy for traumatized
patients began in 1950 when Drs. Jenkins and Moyer
introduced the use of Ringer’s Lactate as part of the resusci-
tation of shock. The epoch of emergency medicine services

was not associated with a clear sentinel event; rather
it began with public dissatisfaction with the available
ambulance services coupled with the introduction of
closed chest massage for cardiopulmonary resuscitation.
All of these developments have led to improved manage-
ment of pain and lower mortality in injured and critically
sick patients.

KEY POINTS

The history of medical care for trauma is understandably
the history of the management of military trauma,
because many innovations came as a result of the man-
agement of battle casualties or the application of new
medical and surgical techniques to battle wounds.
Among the 48 cases described in the Edwin Smith
Papyrus, only one suggests cure by magical methods,
with the rest having more rational treatments such as
splinting of fractures.
Humoral theory or developments of humoral theory
dominated medicine from the era of Hippocrates up
to the time of the Renaissance.
Under the influence of the philosophical propositions of
Aristotle, tutor of Alexander the Great, dissection of
corpses became common in Alexandria.
Upon his death in approximately 203 AD, subsequent
work on physiology and anatomy was abandoned,
largely due to the view that Galen had said everything
that could be said on these areas.
It was not until Vesalius, a 16th century Flemish anat-
omist, that many of the anatomical errors of Galen
were exposed.
With the decline of the Roman Empire and the Catholic
Church’s perceived need to suppress both science and
heresy, medical and scientific discovery was stagnated
in Western Europe for hundreds of years.
According to an Arab text, Tarikh al-hikama, students
were required to pass exams before they could be accre-
dited as Academy physicians. Thus, the Academy of
Gundishapur was the first teaching hospital.
Al-Razi distinguished smallpox from measles and
wrote a book on the subject, which demonstrated the
differences in the treatment for each disease.
Avicenna’s seminal book, The Canon of Medicine, is con-
sidered the most famous medical text of the era and
was utilized by physicians for centuries, and was
employed as a textbook at the Universities of Leuven
and Montpellier until around 1650 A.D.
As a result of the contacts between Christian and
Muslim populations and translations of texts, the
ideas of the ancients began to become known again in
Europe after what can only be called the suppression
of these texts by the Catholic church.
In a break from the traditional means of teaching
anatomy, Vesalius utilized dissection as the primary
tool of instruction, rather than simply reading classical
texts as Galen did. (Fig. 10).
In Western society, Harvey received credit for discover-
ing that the heart pumps blood through the circulatory
system.
Larrey’s most famous innovation was the aforemen-
tioned flying ambulance (Fig. 1), but he was, in his
own right, a talented physician and surgeon.
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Most ancient attempts to relieve pain consisted of
surface applications of plants or organic material.
The discovery and application of anesthesia has been
called the single most important contribution of Amer-
ican medicine to mankind.
The first public demonstration of ether anesthesia was
made before an assembled group of the faculty and stu-
dents of Harvard Medical School by Morton, a medical
student and dentist, who learned the concept from
Wells, his partner in dental practice.
The war with Mexico marked the first use of anesthesia
for combat casualties (25).
Physicians at the time of the American Civil War were
without the knowledge of the utility of sterile dressings,
antiseptics, and antiseptic surgery.
Although Semmelweis was known during his lifetime
as the “Pesth fool” (because his birthplace was Buda-
pest), soon after his death, his doctrine (the basis of
current infection control practices) was accepted, and
he is now known as the “father of puerperal fever.”
One of the most significant advances in medicine in
World War I was the use of antiseptics in surgery.
The seminal event that started the epoch of regional
anesthesia was the report of the use of cocaine for
topical anesthesia of the eye in 1884 by Viennese
ophthalmologist Karl Koller (1857–1944).
In his paper, Captain Geoffrey Marshall wrote that the
death rate from anesthesia was due to “giving the
wrong anesthetic or giving the right anesthetic wrongly.”
The seminal event in the development of IV anesthesia
was the report of the use of thiopental for induction of
anesthesia in 1934 by John Lundy (1894–1973), who was
head of the section of anesthesia of the Mayo Clinic in
Rochester, Minnesota (38).
One of the major advances in treating wounded sol-
diers in World War II was the advent of antibacterial
agents such as sulfa and penicillin.
In 1941, the Birmingham Accident Hospital opened in
England, the first hospital set up specifically to treat
injured, as opposed to ill persons, becoming the
world’s first trauma center.
The revolutionary proposal to use balanced salt sol-
utions in the treatment of surgical and traumatic
shock is one of the most important innovations in the
modern care of the surgical patient.
The seminal event in the development of “precision
anesthesia and analgesia” was a resolution adopted by
the house of delegates of the American Society of
Anesthesiologists, which bound all 30,000 members to a
set of “Standards for Basic Anesthesia Monitoring” (51).
Modern anesthesia machines deliver precise concen-
trations of anesthetic drugs and analyze the mixture
inhaled and exhaled by the patient to assure that the
concentration remains in a safe range.
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INTRODUCTION

Injury is a global public health problem and the dominant
cause of morbidity and mortality among the young, particu-
larly in industrialized countries. According to the World
Health Organization (WHO), there were 5.8 million fatalities
due to injury in 2000 (1). Injury is the seventh cause of death
worldwide (Tables 1 and 2), and the number one cause of
death in the young (ages 1–44) in the United States. Histori-
cally, infectious diseases have been the principle source of
death and disability. Advances in public health measures
during the 20th century have resulted in a decrease in the
global burden of infectious disease. Acquired immune
deficiency syndrome (AIDS) and related complications
created a brief exception to this trend. In the United
States, death due to AIDS had temporarily surpassed
injury as the pre-eminent etiology of premature death in
the 35 to 44 age group (2). However, due to public health
education on transmissibility and the development of
numerous antiretroviral therapies (Volume 2, Chapter 52),
HIV has now returned to the fifth most common cause of
death (Fig. 1).

The global burden of all disease (i.e., morbidity and
mortality) is depicted in Figure 2. The leading category of
worldwide disease is a mixed group of entities termed
“other diseases” comprising 32% of all disease. Infectious
disease is second (23%) and injury is the third highest
cause of global disease (16%) (Fig. 2).

One negative aspect of industrialization has been the
commensurate increase in the burden of injury to society.
The automobile, a technologic necessity in our present
environment, is the leading cause of death and disability in
industrialized countries. During 2002, road traffic fatalities
were the 11th leading cause of death worldwide. Without
changes in approach, it is projected that road traffic fatalities
will rise to the third leading global cause of death by the
year 2020 (3). The problem is so vast that the WHO has
initiated a global prevention and awareness campaign to
lessen the burden of injury due to road traffic injuries.

The distribution of global injury-related mortality is
depicted in Figure 3. The industrialized region with the
highest injury mortality is found in the states that comprise
old Union of Soviet Socialist Republics. The rate for this
region was 131.5/100,000 population compared to Africa
(rate ¼ 118.8) and the United States (rate ¼ 53.8/100,000).

Demographic characteristics such as age, gender,
socioeconomic status, and occupation factor into the likeli-
hood of sustaining injury (4). Overall 50% of all injury-
related mortality occurs in individuals between the ages of

15 and 44 (5). Yet, over 700,000 children under the age 15
were fatally wounded during 2002 (6). The proportion of
elderly patients suffering injury also rises every year, par-
ticularly in industrialized countries. Indeed, in the United
States, the elderly comprise the most rapidly growing
cohort of trauma injury, and they consume a disproportion-
ate amount of trauma funding (7).

In children, road traffic fatalities are the chief source of
injury and death. This group of road fatalities includes
motor vehicle collisions (MVCs), pedestrian struck by a
motor vehicle, and bicycle crashes. While drowning
accounts for (10–27%) of childhood injury fatalities, it rep-
resents less than 4% of all trauma deaths in people older
than 15 years of age. Injuries resulting from MVCs are the
foremost etiology of death among adolescents living in
industrialized countries whereas, in octogenarians, falls are
the predominant cause of trauma death (7).

The leading causes of trauma in industrialized
countries are MVCs, whereas in developing countries, inter-
personal violence and war account for most injuries. The
burden of injury is not evenly distributed throughout the
world and is greatly influenced by the socioeconomic
status of various regions. The lower socioeconomic and
middle socioeconomic regions of any particular country
bear 85% of all road traffic fatalities and suffer the highest
degree of other injuries as well (4). These areas have fewer
resources for injury prevention, medical treatment, and reha-
bilitation, which also impact negatively on the outcome (4).
Individuals of lower socioeconomic status are also at
greater risk of injury due to interpersonal violence.

Injury is affected by gender, occupation, and societal
views. Injury is the third most common cause of death
among males but the eighth leading mechanism of death
in females. Males are more likely to be injured due to
assaults than females. Despite these figures, females are
increasingly becoming victims of interpersonal violence
worldwide. Occupations such as farming, fishing, and
mining have the highest rates of injury (8).

With the rise of international terrorism, traumatolo-
gists are becoming increasingly aware of the pathophysiol-
ogy and treatment of blast injuries [e.g., due to improvised
explosive devices (IEDs)] and mine injuries. In certain
regions of the world, mine injuries have been a predomi-
nant cause of loss of limb for decades (e.g., Kashmir).
Prior to World War II, the majority of landmine victims
worldwide were military personnel; today, the majority
are civilians, often children. The epidemiologic control of
such injuries is very difficult due to the numerous individ-
uals, ideologies, and jurisdictions involved.
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Several factors ultimately influence the outcome of
an injured patient. Primary determinants include the etiol-
ogy and severity of injury, the physiologic state of the
patient, and access to acute medical care. Long-term
outcome is determined by the patient’s overall condition and
motivation coupled with access to physical and vocational
rehabilitation.

This chapter begins by characterizing the mechanisms
of trauma in terms of precipitating agents or vectors, as well
as by the biomechanical forces that cause tissue injury.
Trauma is further characterized in regard to the intent of
injury. The remainder of the chapter surveys the epidemiol-
ogy of trauma including the scope, demographics, and
leading etiologies. The public health prevention programs
and strategies aimed at decreasing injuries are also
reviewed.

MECHANISMS OF TRAUMA

Trauma is best categorized by utilizing three main descrip-
tors: (i) the mechanism of injury, (ii) the biomedical forces
that created the wound(s), and (iii) the intent of injury. All
three classifications bear directly on the type, severity, and
outcome of the injury (9).

Precipitating Agents of Injury
Trauma mechanisms include mechanical, thermal, electrical,
radiation, and blast (a form of mechanical injury). For each of
these mechanisms, there are precipitating agents or vectors
that produce injury. Mechanical injury can result from
blunt force or penetrating trauma. Examples of blunt
trauma include motor vehicle crashes, pedestrians struck

Table 2 Leading Causes of the Global Burden

of Trauma

Cause of death Individuals killed

Road traffic injuries 1,260,000 (25%)

Other injuries 856,800 (17%)

Suicide 815,000 (16%)

Homicide 520,000 (10%)

Drowning 450,000 (9%)

Poisoning 315,000 (6%)

War 310,000 (6%)

Falls 283,000 (6%)

Burns due to fire 238,000 (5%)

Source: World Health Organization, 2000.
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Cerebro- 
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143,293 
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vascular 
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Maternal
Pregnancy 
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Figure 1 The five leading causes of death in the United States in 2002—all races, both sexes. Source: Adapted from Ref. 79.

Table 1 Global (Worldwide) Causes of Death in 2000

Cause of death Individuals killed

Lower respiratory disease 3,866,321

HIV/AIDS 2,942,901

Chronic obstructive pulmonary disease 2,522,983

Diarrheal diseases 2,124,032

Tuberculosis 1,660,411

Childhood cluster diseases 1,385,455

Pulmonary malignancies 1,212,625

Source: World Health Organization, 2000.
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by a motor vehicle, and falls. Penetrating injury can occur
from knives, gunshot wounds (GSWs), impalement, or
bomb shrapnel among others. Thermal injury can result
from flame, steam, or chemical burns. Electrical injury can

result from either alternating or direct current, as well as
from a lightening strike. Blast injury may occur with indus-
trial explosions, bombs, or terrorist activity. Radiation
injury can result from medical or research misuse, nuclear

Figure 2 The global burden of disease attributable to injury. Worldwide, infectious and parasitic diseases are responsible for 23% of disease;

the second largest single cause of disease is trauma—16% of total. The exploded pie-shaped chart depicts the mechanism of injury for these

patients. The category of “other injuries” leads this group with 26%, followed by road traffic fatalities (17%) and then falls (12%). Importantly,

intentional injury constitutes 30% of all injury fatalities worldwide. Source: World Health Report 1999, Geneva, Switzerland.

Figure 3 Global distributions of fatal injury by geographic location. Mortality rates are shown for all regions of the world. The

shading depicts the mortality range based on the provided key. The table breaks down mortality between high-income countries and low- and

middle-income countries within a geographic region. Abbreviations: HIC, high-income countries; LIC, low-and middle-income countries.

Source: World Health Organization, Geneva, Switzerland.

Chapter 2: Mechanisms and Epidemiology of Trauma 27



power generation mishaps, nuclear bomb explosions or
terrorist attacks.

Biomechanical Forces Generated by Various
Mechanisms

The degree of tissue destruction is directly proportional
to the amount of energy absorbed by the tissues. The
biomechanical forces of injury can be described, in physical
terms, as force vectors of energy transmission that result in
tissue injury. Cellular destruction can occur immediately
due to the transfer of mechanical, electrical, chemical, or
thermal energy, or it can occur in a delayed fashion due to
secondary mechanisms or prolonged effects. Some forms of
energy, such as ionizing radiation, produce both acute
injury and chronic disease. Early effects of acute radiation
syndrome consist of nausea, vomiting, diarrhea, fatigue,
and headache. Exposure to high levels of ionizing radiation
can result in a cutaneous burn. This combination of a burn
and radiation injury greatly increases the fatality rate of
the patient. As the syndrome continues, there are symptoms
of bone marrow suppression and worsening gastrointestinal
problems such as bleeding and malabsorption. If the patient
survives, late effects of ionizing radiation may result in leu-
kemia, lymphoma, or thyroid cancer many years remote
from the initial exposure (10).

Each mechanism of injury generates a specific set of
biomechanical forces, which act upon body tissues. The
type of force, rate, duration, and total body surface area
over which the force is applied determine the pattern of
injury. These factors, combined with the characteristics of
the injured tissue and the physiologic state of the host, deter-
mine the extent of injury. The two most common categories
of injury mechanisms are blunt and penetrating.

Blunt Trauma
In blunt trauma, a given quantity of energy applied rapidly
to a small area of the body typically causes greater injury
than if the same energy was applied more slowly and over
a broader area. Simply stated, injury occurs when the
tissue tolerance is exceeded. Of all the biomechanical
forces that can produce injury, mechanical energy accounts
for 75% of all injuries (11).

Biomechanical forces may act upon a victim in limit-
less force vectors and configurations. Despite this, these
forces produce a rather predictable set of tissue responses,
which include compression, distraction, shearing, and
rotation. The biomechanical forces that result in blunt
trauma are most commonly due to rapid deceleration or
acceleration. Either an object that is already in motion
strikes the victim or the victim is in motion and strikes
another object. A motor vehicle striking a pedestrian is an
example of the former and motor vehicle with occupant
striking an immovable object, such as a tree, is an example
of the latter. In both of these examples, the victim may
sustain a soft tissue injury, bony or intracavitary injuries.
Injuries to the cervical spine and upper extremity joints are
often caused by distraction forces such as hyperflexion or
hyperextension. Rotational forces compound the distraction
forces that may result in complex and differing spinal
injuries, long bone, and musculoligamentous injuries.
Shear forces are generated between layers of tissues, which
may result in degloving soft tissue injuries, intracavitary
solid organ injury, or diffuse axonal injury of the brain
(12–14).

PenetratingTrauma
The biomechanical forces associated with penetrating inju-
ries can vary depending upon the type of wounding agent
(e.g., knife vs. gun) used. Tissue destruction created by a
simple knife wound is relegated to those directly severed
by the knife with minimal surrounding tissue injury.
However, in the case of a vascular injury, distal organ per-
fusion will also be at jeopardy.

Penetrating trauma can be characterized as low,
medium, and high-energy injuries. Low-energy penetrating
trauma can result from a knife or a low-velocity bullet. The
injuries are confined to the tract created by the wounding
object. Medium and high-energy injuries are caused by
higher-velocity bullets and missile fragments.

Gunshot Wounds (Combination of Penetrating
and Blunt Biomechanics)
Unique biomechanical forces are associated with GSWs, and
these need to be understood in order to fully estimate the
wounding potential of a GSW. The biomechanical properties
of the bullet—size, shape, mass and density, and the
velocity the bullet is traveling—yield the kinetic energy
(KE) profile and missile characteristics, which affect the
injury pattern. There are many different types of bullets:
solid point, hollow point, or fragmenting, all which react
differently when striking tissue. The combination of the
bullet destruction of the tissue, the energy of the bullet
blast effect, and the anatomic location of the GSW are the
final determinants of injury.

High-velocity GSWs cause tissue destruction due

to the bullet and the cavitary effect created by the associ-
ated pressure wave, greatly expanding the zone of
injury. The cavitary effect and subsequent tissue
damage from the bullet are more extensive than the
missile tract alone, and are dependent upon the KE deliv-

ered as the bullet impacts the tissues.
Far more destruction occurs to surrounding structures

from injuries sustained by GSWs than by simple impalement
objects such as knives or swords. With a GSW, the primary
injury is caused directly by the bullet or fragment, and a sec-
ondary injury results from the lateral shock wave (15). The
shockwave generates a cavity of injury in the tissue sur-
rounding the primary tract (Fig. 4). In very high velocity
GSWs, there is also a forward or leading edge shock wave,
which contributes to the injury. The wounding potential is
directly proportional to KE of the bullet or missile, and the
tissue characteristics. The type of bullet also significantly
affects the wounding potential. Hollow point bullets collapse
and flatten upon impact, which gives the bullet a larger
profile and creates a larger wound. Bullets which fragment
or those that “peel outward” and leave jagged edges have
a tremendous wounding potential (16,17).

The formula KE ¼ 1/2 mv2 depicts the relationship
between the mass (m) of the bullet in relationship to the
muzzle velocity (v) of the bullet. Within the usual categories
of bullets, it is the muzzle velocity that has greatest impact
upon the KE of the bullet strike (18). Once the bullet has
left the gun muzzle, it will have a spin on it due to the
rifling of the gun muzzle. The bullet will also begin to
have small rotational movements along the axis of flight.
Likewise, the bullet may begin to tumble through the air.
The final result may be a bullet striking the victim in an
orientation different from the expected leading edge of the
bullet. A small 22-gauge bullet may strike the victim with
a side of the bullet profile, leading to more than the expected
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tissue damage. Likewise, when the bullet enters the body
tissue, it will continue these rotational and tumble
motions, causing greater tissue damage.

Deformability of the bullet becomes operative on the
tissue in the path of the bullet. If the bullet maintains its
shape, it will injure a smaller zone surrounding the path of
the bullet. However, if the bullet deforms or implodes, the
path of tissue destruction is much wider. This second destruc-
tive biomechanical force is related to the “blast zone” of the
bullet path. This is the zone of injury, which occurs as a
result of the larger pressure wave of energy the
bullet imparts upon the tissue. This zone is also dependent
upon the KE of the bullet and the tissue characteristics of
the victim.

Shotgun wounds differ from bullet wounds in that
the type of bullet used is a slug. Within this slug are
pellets of very small diameter. The slug disintegrates after
it leaves the barrel of the shotgun, and the pellets begin
to disperse. These pellets form a circular area of injury on
the victim. The size of the circle is dependent upon the
distance of the victim from the shotgun as well as the size
and weight of the pellets and the muzzle velocity of the
shotgun (19).

Energy transferred to the tissues results from both the
direct strike of the pellets and the blast force. A victim stand-
ing closer to a shotgun blast will have a smaller circle of
injury but more massive tissue injury than a person standing
further away from the shotgun. The increased injury with
closer proximity is mainly a result of the “blast effect” on
the surrounding tissue. Blast effect tissue damage (essen-
tially a blunt trauma mechanism) is primarily due to the
abrupt pressure changes imparted by the blast effect on the
surrounding tissues.

Thermal Injuries
Thermal injuries can result from flame, contact, radiant heat,
or steam. All may result in protein denaturation and tissue
destruction (also see Volume 1, Chapter 34). Major deter-
minants of injury are the temperature of burning substance,

duration of the contact with the heat source, and the type of
tissue exposed. Flame burns are examined in the context
of whether or not the victim was exposed to flames with the
burns predominantly due to radiant heat or whether the
victim’s clothes were on fire, or if the victim was actually
on fire. Burns from scalding are dependent upon the temp-
erature of the heated substance and the tissue that has
been exposed. Cutaneous tissue in the very young and old
tends to be thinner, resulting in a worse burn for any
given water temperature and exposure time. Steam, by
nature of the heat energy content, is able to rise to a higher

temperature than air. Superheated steam, such as used
in steam driven turbines, is extremely dangerous and pro-
duces extensive, deep burns. Exposure to steam can result
in full thickness burns in a few seconds of exposure time.
Heated materials other than water (e.g., glass and metals)
often contain more heat content and result in more
extensive burns.

Inhalation injuries can result from three separate
mechanisms. The first source is heat transmitted directly
to the upper and lower airways. The human nasal and
oropharyngeal anatomy is well constructed to dissipate
this heat before it reaches the lower respiratory tract.
Nasal concha, turbinates, and hypopharyngeal recesses all
act to dissipate the heat. The second is the deposition of
particulate matter on the respiratory epithelium. Upper
airway filtering of smoke, dust, and debris occurs due to
the nasal hairs and concha. Deposition of these particles
on the buccal mucosa, tongue, and posterior hypopharynx
is the first line of defense. Once breached, the deposition of
carbonaceous debris on lower respiratory epithelium may
incite bronchospasm (20). The third mechanism of inhala-
tion injury results from the adverse effects of the toxic
byproducts of combustion. These include carbon monox-
ide, cyanide, phosgene, and other hydrocarbons. Steam,
due to the high heat content, has the potential to cause
serious inhalation burns.

There are two forms of injury that do not follow the
pattern of an injury developing after a biomechanical force
has been applied. These are best defined as an episode of
acute deprivation of a life-sustaining substance associated
with the trauma. Mechanisms include (i) acute and prolonged
loss of oxygen as seen with drowning or asphyxia, and (ii)
loss of heat (cold-induced injury). Heat loss and cold-
induced injury can result in peripheral freezing or “frostbite”
(a form of mechanical injury at the cellular level as ice crystals
destroy the cellular architecture). Alternatively, cold exposure
can cool the central core temperature to the degree that ven-
tricular fibrillation and cardiac arrest occur, ultimately result-
ing in death. Naturally, cardiac arrest patients are resuscitated
following cold exposure if the rescuers witness the arrest, or
get to the patient relatively soon thereafter, as cooling can
also protect tissues against ischemia-induced injuries
(Volume 1, Chapter 40). Ambient temperature, duration of
exposure, and type of tissue affected are critical determinants
of injury (21). Submersion in cold (conduction), contact with
cold, or exposure to wind (convection) will accentuate the
heat loss and the cooling effect (Volume 1, Chapter 40).

Caustic Chemical ^Related Injury
Acidic or alkaline chemicals produce burns by the denatur-
ing and breakdown of skin and body proteins. A burn
due to an acid substance results in coagulation necrosis
whereas a burn due to an alkali substance results in liquifac-
tion necrosis. These may continue to cause deep tissue
damage long after the chemical has been removed from
the skin (22). This is particularly true in the case of an alka-
line chemical exposure. Certain chemical exposures have a
protracted injury pattern. Hydrofluoric acid is a potent
acid and is associated with prolonged tissue destruction
and electrolyte disturbances. The fluoride ion is capable of
chelating calcium, resulting in systemic hypocalcemia. Treat-
ment is directed at neutralization of the acid with lavage fol-
lowed by systemic administration of calcium, as guided by
ionized calcium values obtained with serial arterial blood
gas samples (22). White phosphorous exposure may be

Figure 4 Temporary and permanent cavity created by an AK-47

bullet. The missile (AK-47 bullet) creates a temporary cavity,

which is far larger than the permanent lesion. The tissue contained

within the zone of the temporary cavity is disrupted with variable

degrees of cellular injury. Source: From Ref. 15.
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encountered in the production of munitions, fertilizer, insec-
ticides, and fireworks. It has a low melting point at 1018F and
an auto-ignition temperature of 868F. At temperature above
this, the white phosphorus particles will spontaneously
ignite and burn. Once this occurs, the exothermic reaction
begins, and a massive burn injury can result. Residual par-
ticles will continue to oxidize until they have been debrided
or irrigated from the wound bed. Covering the white phos-
phorous with a cool moistened bandage with saline will
stop the burning process (22).

Electrical Injuries
Electricity can cause flash burns, extensive soft tissue injury,
and cardiac dysrhythmias, including cardiac arrest. The
severity of injury is determined by the voltage, duration of
contact with the electrical source, grounding, and type of
protective clothing worn by the victim. A low-voltage
source (less than 1000 V) may result in a thermal burn or
neuromuscular injury. Though categorized as low voltage,
prolonged contact to these levels can result in cardiac dys-
rhythmia. A high-voltage source (more than 1000 V) will
cause a thermal burn at the entrance and exit sites, but
there may also be a secondary zone of injury distal to the
entrance site, affecting soft tissue such as muscle, nerve,
and tendons. The grounding of the victim is a key determi-
nant of the amount of current and the path the electricity
takes within the victim (23). Compartment syndrome, deep
muscle, nerve, and vessel destruction are common, as is sub-
sequent rhabdomyolysis. Because much of the tissue
destruction resulting from an electrical burn is internal,

the degree of injury is not always initially apparent and is
commonly underestimated.

Flash burns result from an electrical spark igniting the
surrounding dust or particulate matter. The thermal burn
from a flash is proportional to the intensity of the light
emitted and tends to be a high temperature but of short dur-
ation exposure. The burns are typically second degree in
nature; however, ocular damage should be excluded.

Lightning strikes comprise superhigh voltage (100
million to two billion volts) of very short duration (1/1,000
to 1/10,000 of a second). The amount of current is usually
low. In the United States, there are 50 to 300 deaths per
year with four to five times as many victims sustaining non-
fatal injury. Approximately 75% of these lightning strikes
cause permanent neurological impairment. Five major
mechanisms of injury result from lightning strikes: (i) a
direct strike to the victim, (ii) a contact injury by touching
an object, which is being struck, (iii) a side flash or arc
from an object being struck, (iv) ground current, and
(v) due to blunt trauma from a falling struck object (24).

Blast Injuries
Blast injuries may occur from industrial or mining
explosions and petrochemical explosions. Blast injuries are
common in military conflicts and result from bombs, con-
ventional weapons, and from IEDs (Fig. 5) (15). An IED con-
sists of an explosive charge, (often scavenged from
conventional munitions), along with electronic or pressure
triggers. The terrorists in Iraq have become increasingly
sophisticated in their design, often utilizing easily purchased
electronic components and cellular phone technology to
trigger the charges. Worse, terrorist tactics often include
the firing of rocket-propelled grenades (RPGs) at a targeted
vehicle after it is disabled by the detonation of an IED (15).

Blast injuries represent a combination of several bio-
mechanical forces (thermal, blast, and ballistic) as shown
in Figure 6. After a blast, intense heat and fireball occur at
the epicenter. Individuals nearby are often disintegrated,
and remaining tissues become charred. The secondary
injury following a blast is owing to the increase in the
pressure of the surrounding atmosphere that creates a con-
cussive shockwave, which is transmitted through the
victim’s body and can be a primary cause of injury (15).

Figure 5 Injuries resulting from mine or improvised explosive

device under armored vehicle. Numerous injuries are sustained as a

result of defeated armor, (A) translational blast injury, (B) toxic

gases, (C) blast overpressure, (D) penetrating missile wounds. The

armored vehicle shown is a tank with under armor. Humvees and

other lightly armored vehicles would sustain greater damage.

Source: From Ref. 15.

Figure 6 Multiple mechanisms of injury resulting from

explosive munitions. The probability of sustaining a given

trauma is directly related to the distance from the epicenter of the

detonation. Nearby the detonation is an area of intense heat and

energy dissipation. Severe tissue destruction and burn occur in this

zone. Farther out, the blast effect and shrapnel are the major threats.

Far from the epicenter, mainly debris and shrapnel cause injury.

Source: From Ref. 15.

30 Potenza and Nolan



The blast shockwave causes a temporary “overpres-

sure” condition that can cause soft tissue injury, pneu-
mothorax, pulmonary contusion, perforation of the middle
ear or a hollow viscus, and air embolism.

The tertiary wounding affect of a blast is due to flying
debris; these may be components of the explosive device
(shrapnel) or other debris from the surrounding environ-
ment (15). Shrapnel from terrorist bombs may include
nails, bolts, glass, and other material. Tertiary wounding
can occur from the impact, after a victim is thrown by the
force of the explosion. Debris can also fall upon them, result-
ing in crush injuries associated with a fireball that can cause
severe burns.

Radiation Injury
Radiation injury can result from medical substance intended
for treatment, as well as from unintended causes such as
occupational exposure during research, medical or indus-
trial spills, or as a result of a weapon. Injury can occur
from ionizing radiation alone or can involve additional
blast injuries if there has been an explosion (25,26). The
destructive effects of ionizing radiation depend upon the
type of radiation, duration of exposure, and the type of
tissue exposed. Types of radiation include alpha, beta,
gamma particles, and X rays. Alpha particles are ionizing
radiation emitted from the nuclei of unstable atoms. The
most common exposure in humans is through radon gas.
Alpha particles are of low energy and do not penetrate the
skin. However, chronic inhalation exposure with radon can
produce disease. Beta particles are not radioactive; rather,
they emanate as energy emissions from radioactive atoms.
Beta particles can cause damage to cavitary lining cells fol-
lowing ingestion. A common example of beta particle use
in medicine is 131I used for thyroid ablation.

Gamma radiation is high-energy ionizing radiation.
Gamma photons are pure electromechanical energy and
contain about 10,000 times more energy than photons in the
normal electromagnetic visible spectrum. Common exposures
to gamma radiation come from radiological imaging equip-
ment and radioactive isotopes such as99Tc, which is
used in hepatobiliary imaging, bone scanning, and cardio-
vascular testing. The difference between gamma rays and
X rays is the site of electromechanical emission; gamma
rays emanate from the nucleus of an atom, whereas X rays
emanate from the electron fields surrounding an atom (25).

Exposure to high doses of radiation can cause both
thermal and radiation injury; the radiation effects may be
acute or chronic.

Ionizing radiation injury is mediated by energy trans-
ference, which results in the formation of highly reactive and
unstable free radicals. Oxygen-free radicals, such as super-
oxide and hydroxyl groups, react with tissue to generate
hydrogen peroxide, which causes tissue injury. Long-term
effects of radiation are manifested in the damage to cellular
nuclear membranes and DNA (26). Massive radiation
exposure may result in life-threatening acute radiation syn-
drome or death. An exposure of 1 to 2.5 Gy of radiation
may cause bone marrow depression with pancytopenia.
Higher doses of radiation in the range of 8 to 12 Gy may
cause gastrointestinal symptoms such as nausea, vomiting,
abdominal cramping, and severe diarrhea. Doses of 30 Gy
or more may cause vasomotor collapse, respiratory failure,
and death. Examples of this high-energy ionizing radiation
exposure occurred during the Chernobyl nuclear reactor dis-
aster (27). In this setting, definitive trauma care has to be

delayed until the injured patient is decontaminated (see
Volume 1, Chapters 4 and 39).

Injury Intent
Determining the “intent of injury” remains one of the
principal injury discriptors used by epidemiologists in the
development of injury prevention strategies. The intent
of the injury may be defined in terms of either the victim
or the perpetrator (28) and is broadly separated into two
classifications: intentional and unintentional.

Intentional
Intentional injuries occur when individuals deliberately
harm themselves or other people. Examples include
assault, homicide, and suicide. Injuries resulting from the
use of legal force or acts of war are also categorized as inten-
tional injuries. Drugs and alcohol are often contributory
factors (29). In a recent study on the epidemiology of trau-
matic brain injury (TBI), gender, minority status, age, sub-
stance abuse, and residence in a zip code with low average
income were all associated with intentional TBI (30).

During 2000, the WHO estimated that there were 1.7
million deaths due to intentional injury, representing 3% of
all deaths globally (31). There is considerable regional vari-
ation in the incidence of violent, intentional injury ranging
from 61/100,000 population in the African continent to 22/
100,000 in the Eastern Mediterranean.

Victims of both unintentional and especially inten-
tional trauma have a high incidence of psychopathology
(32). Victims of intentional trauma have significantly lower
intelligence scores than either unintentional injury or elec-
tive surgery patients (32). The high incidence of unemploy-
ment, alcoholism, and illicit drug abuse in victims of
intentional injury suggests opportunities for injury preven-
tion programs (32). However, addressing the underlying
psychological disorders is most important in reducing the
likelihood of becoming a trauma victim.

Prevention of intentional injury is one of the most
difficult public health problems because of the multiple
social, economic, and psychological factors involved.

Unintentional
Unintentional injury is a wound sustained without any mal-
icious intent. Examples of unintentional injuries include
road traffic injuries, falls, most drownings, and burns.
Road traffic injuries may be due to MVCs (including motor-
cycle crashes), pedestrians struck by a motor vehicle, bicycle
crashes, and other injuries. Approximately, 70% of global
injury fatalities are due to unintentional injury. The inten-
tionality of an injury cannot always be accurately deter-
mined. Likewise, intentional and unintentional injuries
may not be mutually exclusive (31,32).

The prevention of unintentional injury focuses upon
education, enforced use of restraint devices, and improved
control of environmental factors (i.e., roadway maintenance,
lighting, clear lane markings, and signage, etc.).

SCOPE OF INJURYAND DEATH DUE TOTRAUMA

The WHO estimated that there were 50 million deaths from
all causes worldwide during 2000. The leading causes of
death worldwide are depicted in Table 1. Injury fatalities
comprised 12% (5.1 million) of these, ranking injury as the
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third leading cause of death (33,34). The global injury fatal-
ity rate was 97.9/100,000 population. When adjusted for
age, injury is the leading cause of death in the group aged
5 to 44 (33). Males are fatally injured twice as often as
females (rate; 128.6 vs. 66.7/100,000). For every injury-
related death, there are an estimated 30 patients seriously
injured and another 300 treated for less serious injuries as
depicted by the injury pyramid figure (Fig. 7) (33). In
addition, a large number of injuries go unreported. The
predominant mechanisms of injury worldwide are provided
in Table 2.

Nonfatal injuries were the fifth leading cause of
disease worldwide. During 1998, there were 117,680,000
nonfatal injuries, which correspond to 6% of all diseases (33).
Using age-adjusted data, injury ranks as the chief cause of
both fatal and nonfatal disease in the group aged 5 to 44.

International injury mortality rates vary widely,
ranging from a low of 25/100,000 in Hong Kong to a high
of 195/100,000 in Russia (34). Motor vehicle fatalities are
the leading cause of injury deaths throughout most of the
world. An exception is Africa, where war remains the chief
cause of injury fatalities.

By comparison, the United States reported 2.4 million
deaths due to all causes of disease (2000) (35). There were
144,010 (6%) deaths due to injury, which corresponded to
an overall injury fatality rate of 54.5/100,000 (36). This is
45% lower than the global injury fatality rate (11,37). Males
were fatally injured 2.4 times more frequently than females
(rate: 77.9 vs. 32.2/105), which is similar to the global distri-
bution of injury by gender (33,38,39). Injury was the fifth
leading cause of death following heart disease, cancer, cer-
ebrovascular disease, and chronic obstructive lung disease.
Age-adjusted fatality data reveal unintentional injury to be
the leading cause of death up to the age of 34. In the 35- to
44-year-old group, injury is surpassed only by malignant
neoplasia and the acquired immune deficiency disease as

the leading cause for death. If both intentional and uninten-
tional injury deaths are combined, injury fatalities are the
leading cause of death from ages 1 to 44 (40). The top five
causes of death in the United States, subdivided by age
groups, are provided in Figure 1.

In the United States during 2000, fatal injuries com-
prised 66% (97,860) of unintentional injuries and 34%
(53,349) of intentional injuries. The leading mechanisms of
unintentional fatalities were MVCs 43% (41,994), fall 14%
(13,332), and poisoning 13% (12,757). Fatal intentional
injuries were due to suicide 55% (29,350), homicide 31%
(16,765), and legal intervention 14% (7462).

During the same time period, there were 40,447,000
injury-related visits to emergency departments. Of these,
76.4% (30,907,000) were due to unintentional injury and
5.7% (2,229,000) due to intentional injuries. The remaining
6,875,000 (17.4%) nonfatal injuries could not be classified
by intent. The chief cause of unintentional injury was falls
(19.9%) followed by motor vehicle-related injuries (12.3%).
The chief cause of intentional injury was assaults (82.5%)
(41,42,43).

The financial cost of unintentional injury in the United
States during 2001 was estimated to be $516.9 billion. The
sources of this cost were (i) direct healthcare costs (29% of
the total expenditure), (ii) lost economic productivity,
either temporary or due to permanent disability (41%), and
(iii) costs associated with fatalities (30%). A further break-
down of these costs is as follows: economic costs due to
lost wages and productivity ($266.8 billion), direct
medical expenses ($95.2 billion), administrative expenses
($74.1 billion), motor vehicular damage ($49.2 billion),
employer costs ($21.4 billion), and fire losses ($10.2
billion) (41,44,45).

Injury Pyramid
The injury pyramid emphasizes the reality that mortality

statistics only represent the tip of the iceberg, because most
episodes of trauma and violence are not reported.

Injury ranges from serious and life threatening, requir-
ing hospitalization or operative procedures, to simple inju-
ries that can be treated by the patient or by a local clinic.
The mandatory requirement to report fatalities makes it
easier to obtain data on fatal injuries. Nonfatal serious inju-
ries are often recorded in trauma registries and in hospital
discharge data. Less serious injury, such as those requiring
only emergency department visits, is typically recorded
only at the local treatment facility. Outpatient injury visits
are recorded at the physicians’ office. Thus, central collection
and processing of injury data become more difficult as the
severity of injury lessens.

Although the easiest to quantify, fatal injuries are only
a small fraction of total injuries. The full scope of injury may
be visualized as a pyramid with fatalities represented by the
smallest, upper portion of the pyramid (44,46). Depicted in
Figure 7, the injury pyramid of the United States (2000) has
a top layer of 148,209 fatalities, a second level of 2.5
million patients who are seriously injured and require hospi-
talization, a third level of 40.4 million patients who sought
treatment at an emergency department, and a base of 89.9
million patients who were treated at local physicians’
offices or at home (37). This illustrates that the true scope
of injury is much wider than implied by injury mortality
data alone.

147,891
Injury Deaths 

2,591,000
Hospital Discharges

Due to Injury 

36,961,000
Emergency Department Visits

59,127,000
Outpatient Visits

Figure 7 Injury pyramid. The actual number of deaths is small

compared with the total number of hospitalizations, but chronic

disfigurement as well as mental and physical injury occurs in

greater numbers. Greater still are the numbers of patients who are

involved in trauma but never admitted. Source: Adapted from

Ref. 37.
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Years of Productive Life Lost and Disability
Adjusted Life Years
The crude mortality rate approximates the incidence of fatal
disease at any point in time. All deaths are given equal
importance or weight. A time-based measure, such as
years of potential life lost (YPLL), adds significance to pre-
mature deaths and the loss of productive economic life
(47). In this fashion, injury deaths may be viewed as
“expected productive years” lost to society (44,48).

Trauma is responsible for the vast majority of
YPLL in the United States. In the United States, the
Centers for Disease Control (CDC) uses 75 years of age as the
upper limit of an expected economic productive lifespan. If a
patient dies from any disease before reaching age 75, the
YPLL may be calculated by subtracting the age at death from
75. For example, a fatally injured 25 year old will have 50
YPLL. Although injury is not the leading cause of death in
the United States, it accounts for more premature deaths and
YPLL than any other disease. Injury exceeds heart disease
YPLL by 22-fold, cerebrovascular disease by eight-fold, HIV
infection by four-fold, and malignant neoplasm by two-fold.
A breakdown of injury by intent reveals that unintentional
injury accounted for an estimated 2.1 million YPLL in 2000
and intentional injuries accounting for another 1.1 million
years. Worldwide, injuries accounted for 10% of global mor-
tality in 1990, and 15% of YPLL (49).

Another measure of the effect of disease includes the
disability-adjusted life years (DALYs). The DALY is used to
quantify the years lived with a disability of specified severity
and duration. One DALY is the loss of one year of healthy life
due to either death or disability. For the DALY calculation, a
“premature” death is defined as one that occurs before 82
years of age for females and 80 years for males. These ages
are derived from the life expectancy at birth in Japan,
which has the world’s longest-surviving population (50).
In this way, it is possible to obtain a more accurate indication
of the effect of a disease on an individual and a population.
The WHO uses YPPL and DALY in its report, “The Global
Burden of Disease” (50). This report is one of the most com-
prehensive global epidemiologic studies of injury. Injury is

ranked ninth in DALYs (1990), but the WHO estimates that
injury will move to third as a leading cause of DALYs world-
wide by the year 2020.

Trauma Data Base Organizations and Coding
Several data sources and organizations are devoted to the
study and prevention of injury. Table 3 contains a list of
some of these organizations and related web sites. The com-
plexity of data acquisition and analysis mean that national
and international injury data have to be reported with a
two-year lag period. The CDC Division of Injury Prevention
and Control is one of the largest research centers in the
world. It maintains multiple data sources, references, and
links to other injury organizations (41,51). It also maintains
a computer program for obtaining both fatal and
nonfatal injury information for the United States. These
programs called WISCARS (2,38) and WONDER (43) are
probably the best examples of ongoing injury data
surveillance. Specific injury data for each state are also
available (52).

Worldwide data are best obtained from the WHO Div-
ision of Injury and Violence Prevention. The headquarters is
in Geneva, Switzerland, but much of the injury, violence
data, and publications can be accessed through the World
Wide Web (53). Recent comprehensive works include The
Global Burden of Injury (5) and Violence and Public Health
(53). Traumatologists must become more actively involved
in injury prevention and utilize these aforementioned
resources (54).

The WHO has developed a method of coding disease.
It is a standardized method of coding to enable accurate col-
lection of statistics on disease incidence and prevalence.
Injury data starting in 1998 utilize the ICD-10 coding
system (55,56), though most medical coding is still using
ICD-9 in 2006. Several methods of characterizing injury are
utilized (Volume 1, Chapter 4). However, the injury severity
score (ISS) is one of the most commonly employed method.

Improved data collection systems result in improved
comprehension of the epidemiology of trauma and

increased ability to institute preventative strategies.

Table 3 List of Injury Prevention and Control Agencies

National Highway Traffic and Safety Administration www.nhtsa.dot.gov

National Crime Victimization Survey–Bureau of Justice www.ojp.udok.gov/bjs

National Electronic Injury Surveillance System http://www.cpsc.gov/library/neiss.html

U.S. Consumer Product Safety Commission www.cpsc.gov

National Hospital Discharge Survey http://www.cdc.gov/nchs/about/major/hdasd/nhdsdes.htm

National Center for Health Statistics http://www.cdc.gov/nchs

Uniform Crime Reports–FBI http://www.fbi.gov/ucr/ucr.htm

National Youth Violence Prevention Resource Center www.safeyouth.org

Safe USA www.cdc.gov/safeusa

National Safety Council www.nsc.org

The World Health Organization www.who.org

The United Nations www.un.org

The Pan American Health Organization http://www.paho.org

Centers for Disease Prevention and Control (CDC) www.cdc.gov

CDC–National Center for Injury Prevention and Control www.cdc.gov/ncipc

Institute of Medicine http://www.iom.edu

WISQARS, a CDC-automated morbidity and mortality

reporting system

www.cdc.gov/ncipc/wisqars/default

Abbreviation: FBI, Federal Bureau of Investigation.
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DEMOGRAPHIC FACTORS

Injury affects all age groups and both genders, irrespective of
socioeconomic status. Each group has specific injury rates
and patterns, and knowledge of these relationships is
important for the planning of both acute trauma care and
injury prevention programs (57). Fatal injuries are most
prevalent at the extremes of age. Elderly patients, aged 75
or more, have the highest injury fatality rates of any age
group. Nonfatal injury rates follow a slightly different
pattern. These injuries are more evenly distributed through
ages 1 to 34, and then decrease until age 85. The nonfatal
injury rate increases in patients 85 years and older,
approaching rates similar to the 15 to 24 age group.

Age specific risk factors influence injury occurrence,
type, and pattern. These include types of activities, risk-
taking characteristics, violent behavior tendencies, occu-
pation, and the physiologic state of the patient. For
example, children are more likely than any other age
group to be struck by a motor vehicle. Underdeveloped
driving skills combined with risk taking plays an important
role in motor vehicle crashes in the 18- to 24-year-old popu-
lation. Spinal cord injuries due to diving are most common
in this age group. Aggressive interpersonal behavior in
those aged 15 to 34 contributes to the high incidence of
assault-related injuries. Falls and suicide become leading
causes of injury with advancing age.

Age-Specific Injury Mechanisms
The mechanisms of both intentional and nonintentional

injures vary by age, and the traumatologist should be

familiar with these trends (Fig. 8).
In 2002, the leading cause of death in the United States

among children less than one year of age was congenital
abnormalities. In this group, unintentional injury was
the seventh leading cause of death, and the most common
mechanisms of unintentional injury were falls, being struck
by an object, and burns. Leading mechanisms of
fatal injury included mechanical suffocation, followed by
motor vehicle crashes, drowning, fires or burns, falls, and
poisoning.

In ages 1 to 14, the leading cause of injury deaths was
unintentional trauma (Fig. 1), and the specific mechanisms
were MVCs followed by drowning. Almost half of the chil-

dren who died in a MVC were not using child restraint
seats. Two-thirds of children under the age of four
involved in a fatal MVC were in a vehicle driven by
someone who was intoxicated. Between the ages of 10
and 14, suicide was the third leading cause of death,
demonstrating an alarming increase of 109% between
1980 and 1997 (51). Children under the age of 15 were
involved in 30% of the nonfatal, and 11% of the fatal inci-
dents involved a pedestrian struck by a motor vehicle.
One-third of all bicycle fatalities were seen in ages 5 to
14, and 140,000 children were treated in the emergency
department for TBI due to bicycle crash. Nonfatal injuries
in ages 1 to 14 were caused most commonly by falls and
being struck by an object.

Motor vehicle crashes were the leading cause of death
among those aged 15 to 24. Intentional injury in the form of
suicide and homicide was the second and third leading
cause of injury death in this age group. This age group
had the second highest fatal MVC rate (27.3/100,000),
which was second only to the 75 and older age group
(rate: 29.4 deaths/100,000). Nonfatal injuries were led by
MVCs, being struck by an object, and falls.

In the 25- to 64-year-old age group, the pre-eminent
cause of injury death was MVCs. This was followed by
poisoning, fall, fire, and burn. Nonfatal injury in the 25-
to 34-year-old group was caused most commonly by being
struck by an object followed by MVC. Among those
aged 35 to 64, the top cause of fatal injury was MVCs fol-
lowed by poisoning. Nonfatal injury in this age group was
caused most commonly by fall followed by being struck by
an object.

In the 65 and older age group, the foremost mechan-
ism of fatal injury is fall followed by MVCs (58). Nonfatal
injury was caused most commonly by fall followed by
being struck by an object. Patients 65 years and older have
the highest fatality rate for pedestrians struck by a motor
vehicle. Twenty percent of all suicides occur in this age
group as well.

Socioeconomic Status
The socioeconomic status of a patient contributes to the like-
lihood of sustaining an injury. Within the United States,
there is a great disparity in the incidence of assault and
homicide between ethnic groups. An African-American is
nearly seven-fold more likely to die from homicide than a
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Caucasian (59). The injury rate in many injury categories
is higher in this ethnic group than any others. People of
lower socioeconomic status are more likely to be a victim
of an assault, a phenomenon which occurs worldwide (60).
However, when groups of patients are stratified for equival-
ent socioeconomic status and education, there is no differ-
ence in the injury rates between different ethnic groups
(61). A pedestrian struck by a motor vehicle is twice as
likely to be Hispanic American as Caucasian. This may be
explained by the higher rate of walking seen in the former
ethnic group. MVC and poisoning are the first and second
causes of death in this ethnic group. Homicide is the
second most common category of death, behind MVCs, in
the 15- to 34-year-old Hispanic age group. Native American
Indians are three times more likely than Caucasians to be
struck by a motor vehicle. The risk for an injury due to a resi-
dential fire is also the highest in this group.

Gender
Trauma remains predominately a disease of males.

However, there is an increasing trend of violence against
women due to assault worldwide.

Males are 2.4 times more likely than females to be
injured. Different mechanisms of injury have differing
male to female ratios of injury. Males are at higher risk for
injury from MVCs, motorcycle collisions, fall, drowning,
and homicide. Females are more likely to attempt suicide
than males; yet, males more frequently succeed in commit-
ting suicide. Females are more often assaulted or murdered
by an intimate partner than males. Females are more likely to
experience a fall that results in a fractured hip; however,
males 65 and above are more likely to experience a fatal
fall (51).

Males are more likely to engage in riskier behavior in
daily activities, sport, and drinking alcohol, not wearing
safety belts and becoming involved in violent acts. Thus,
males are twice as likely to sustain a TBI or spinal cord
injury. The rate for nonfatal injury is greater in males in all
age groups up to the age of 70 (Fig. 9). Up to the age of 75,
males account for 60% of fatal injuries. Above the age of
75, the female fatalities reached 55% of the cohort.

LEADINGMECHANISMS OF INJURY

In the United States, each day 405 people die from injury.
Another 7500 are hospitalized, and 162,000 are injured
seriously enough to inhibit them from their normal activity.
Approximately, 92% of the latter group will seek medical
care. Of the 405 fatalities, one-third result from MVCs, one
third are due to “other causes” of injuries, and the remaining
third are due to intentional injuries (suicide and homicide)
(40,62,63).

Unintentional Injuries
Motor Vehicle Collisions
There were 1.2 million fatalities due to road traffic injuries
during 2002. There were an additional 20 to 50 million
people injured in this same time period. A global cost for
these injuries is estimated at US $518 billion (64). There is
a great disparity in the amount of dollar expenditure for
the care of these victims, which is dependent upon the econ-
omic status of the country they live in. Of the 518 billion
dollars spent for road traffic injuries, 86% is spent by
high-income countries (HIC) with only 65 million dollars
spent in all low-income countries.

In the United States, motor vehicle injuries, fatal and
nonfatal, are the leading cause of injury. In 2001, there
were 42,900 deaths and 2.3 million nonfatal injuries due to
MVCs. The death rate was 15.4/100,000 per year, a decrease
of 17% since 1990. The majority of injuries (71%) arose from
either a collision between motor vehicles or a motor vehicle
striking a fixed object. The estimated cost of these
crashes and injuries was $199.6 billion in 2001. This cost is
broken down into wage and productivity loss, medical
expenses, property damage, employer costs, and administra-
tive costs. The National Safety Council estimates that
for every motor vehicle related–death, there is an associated
cost of $1 million. For every serious nonfatal disabling
injuries, there is a cost of $36,000 and, for minor crashes
and injuries, the cost is approximately $6,500.

Every age group seems to have specific risk factors
associated with these types of injuries. In young children,
the lack of use or improper use of child protective safety

Figure 9 Number of men and women injured grouped by age in National Trauma Data Bank, 2005. Total N ¼ 917,265. Men are more

likely to be injured than women until age 70, after which women experience more injuries. Source: Adapted from Ref. 58.
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restraints remains a problem. Fifty percent of the fatally
injured children under six years of age were not wearing pro-
tective safety restraints. Teenage drivers take risks and lack
mature driving skills. This group has the highest fatal crash
rate per driver than any other age group (964/100,000
licensed drivers). Risk factors for elderly motor vehicle
crash-related injuries are related to the aging process and
include diminished visual and auditory acuity. Diminished
flexibility in the cervical and thoracic spine impairs the
ability to look over the shoulder, a requirement for safe
driving. People over the age of 75 have the highest crash
death rate of 29.4/100,000 people per year.

Alcohol was a factor in 38% of all fatal motor
vehicle injuries. The 21- to 24-year-old age group,
closely followed by the 25- to 34-year-old age group,
accounted for the highest rate of fatalities in which alcohol
was involved. Cell phones and other types of electronic
devices all compete for the driver’s attention and may
contribute to motor vehicular crashes. On average, only
32% of American drivers fatally injured were using safety
belts at the time of the crash. Motor vehicle passengers are
even less likely to wear a safety belt (41,42).

Pedestrians Struck by a Motor Vehicle
Approximately 15% of all injuries in the motor vehicle cat-
egory are caused by motor vehicles striking pedestrians.
There were 90,000 nonfatal and 5800 fatal pedestrian injuries
in 2001. There was a 12% decline in pedestrian fatalities from
1990 to 2001. The case fatality ratio was 9%, making
pedestrian injuries the most lethal of all types of motor
vehicle-related injuries. Approximately, 60% of the ped-
estrians were struck as they attempted to cross a street.
Twice as many injuries occurred when the victim was cross-
ing the street between intersections. Another 8% occurred
while pedestrians were walking along the roadside. Alcohol
consumption, with blood alcohol levels of 0.10 or more, was
found in 33% of the fatal pedestrian injuries in those patients
aged 14 or greater. An age disparity between nonfatal and
fatal injures exists with respect to age. Children under the
age of 15 experienced 32% of all nonfatal and 12% of the
fatal injuries, whereas, people aged 65 and older experienced
8% of the nonfatal and 22% of the fatal injuries (41,42,51).

Falls
Falls account for 20% of all unintentional injuries. They are the
second leading cause of death in all unintentionally injured
victims and the second leading cause of spinal cord and TBI.
Falls disproportionally affect the very young and the very
old. The elderly are particularly vulnerable to falls (Volume 1,
Chapter 37). In fact, 87% of all fractures in the elderly popu-
lation are due to falls. In 1998, hip fractures resulted in
300,000 hospital admissions for fall-related hip fractures. In
the greater than 65 year old age group, there were 9600
deaths due to falls during 1998 (51). Falls were the leading
cause of death in those aged over 75 and exceeded motor
vehicle crash fatalities in this group by 1.5- to 2-fold.
Falls constitute one-third of all nonfatal unintentional injuries
in the elderly. Fatal injuries due to falls are one of the most
evenly distributed mechanisms of injury by gender. Environ-
mental hazards such as stairs, uneven surfaces, poor lighting,
and slippery surfaces may all contribute to a fall. In the
elderly, diminished eyesight, flexibility, as well as problems
with gait and balance may contribute to a fall. Twenty
percent of all fatal falls in the elderly occur in a home.

Drowning
Drowning is the second leading cause of death from unin-
tentional injuries among children and young adults. It has
been estimated that, for every child who drowns, four
more are admitted to the hospitals and 16 are treated in
the emergency rooms. In the United States, there were 3300
deaths due to drowning in 2001. Approximately, 80% of
the fatalities were males. There were 496 drowning fatalities
in children aged one to four. This group also had the highest
drowning fatality rate (2.4/100,000 people). In the 1- to
14-year-old age group, drowning was the second leading
cause of death. African American children aged 5 to 19 had
a drowning rate of 2.5-fold higher than Caucasian children
(51). In 89% of boating-related deaths caused by drowning,
the victim was not wearing a personal floatation device.
Drowning victims due to swimming pool mishaps continue
to be a significant problem. Most drownings of 1- to

4-year-old children occur in residential swimming pools,
typically when the child is unsupervised (even for a “few
moments”). The average duration that the child was
not under direct supervision when a drowning occurred
was only five minutes.

Bicycle
There were 750 fatal and 54,000 serious nonfatal bicycle-
related injuries in 2001. There was an additional 450,000
injured to a lesser degree who sought medical treatment.
Approximately, 80% of all bicycle injuries involve a collision
with a motor vehicle. Males are seven times more likely to be
involved in a bicycle crash than females. Victims greater than
15 years of age comprise 75% of all bicycle-related injuries
with age group 25 to 44 experiencing the greatest number
of fatal injuries. Use of a bicycle helmet reduces the risk of
serious head injury by 33%; yet, they are worn by just 38%
of adults and 69% of children. Approximately 140,000 chil-
dren were treated in the emergency department for head
injuries caused in bicycle crashes.

Fires and Burns
Injuries due to fire and burns have been decreasing steadily
since 1989. In 1994, 1.4 million people sought medical atten-
tion for burns, 60,000 were hospitalized, and 4100 fatally
injured (see Volume 1, Chapter 34). Every 27 minutes,
someone is killed or injured in a home fire. Approximately,
70% of all fire deaths occur at home. In 1999, there were
383,000 residential fires, which fatally injured 2900 people
and injured another 16,000 people in the United States (51).
The age group of 75 years and older had the highest death
rate of 6.5/100,000 people.

Intentional Injuries
The WHO defines violence as “the intentional use of phys-
ical force or power, threatened or actual, against oneself,
another person, or against a group or community, which
either results in or has a high likelihood of resulting in
injury, death, psychological harm, maldevelopment, or
deprivation” (62). Intentional injury often occurs without
premeditation; an interpersonal conflict may escalate par-
ticularly if the individuals are under the influence of drugs
or alcohol (63). Access to a lethal weapon increases the
chance of a suicide attempt becoming fatal. In these
instances, there appears to be a “disparity between intended
behavior and intended consequences” (51,62,64).

According to the Pan American Health Organization,
death due to violence was the leading cause of death in
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the Americas in the 5- to 24-year-old age group. By compari-
son, in the United States and Europe, motor vehicle crash
fatalities were the leading cause of death in this age group.
During 2000, in the United States, there were 10 times as
many nonfatal intentional injures compared with fatal inten-
tional injuries (1.6 million nonfatal vs. 16,765 fatal) (63,64).

Assault
Injuries can result from simple assault, robbery, aggravated
assault, or homicide. In the United States, there were
approximately 1.6 million (6.4%) emergency department
visits resulting from violence in 2000 (65), with 61% of
these occurring in males (1,021,118) and 39% in females
(650,361). Eighty one percent of the assaults were due to
blunt trauma, while 8% were due to a cutting or piercing
instrument, and 3% were due to a GSW (66). The type of
assault and weapons used impact on the outcome. Overall,
there were 94 nonfatal assaults for every homicide. When
the assault is committed with a firearm, there were only
four nonfatal injuries for each homicide (67).

Child abuse includes physical abuse, neglect, sexual
abuse, psychological abuse, and medical neglect. In the
United States during 1988, approximately 900,000 children
experienced or were at risk for child abuse or neglect, and
1100 were fatally injured (51). In infants and young children,
TBI from the “shaken baby” syndrome is a leading cause of
death.

Intimate partner violence or domestic violence is a sig-
nificant problem worldwide. One in three females injured
from domestic violence requires medical treatment. The
cost of this type of injury is not only measured in medical
dollars but also in the emotional harm that is caused to the
patient as well as any children in the family. In the United
States during 1998, 32% of all female homicide victims
were murdered by an intimate partner, whereas, only 4%
of males were killed by an intimate partner.

Homicide
Although homicide rates have dropped in recent years, they
remain unacceptably high. During 2000, there were 16,765
victims of homicide in the United States. From 1992 to
1998, for every homicide victim over the age of 12, an
additional 121 people were injured, 16 of them severely. Fire-
arms were used as a weapon in 82% of the homicide victims
aged 15 to 19. There is a great socioeconomic disparity
with respect to homicides, as those of lower socioeconomic

status are at a far greater risk of a fatal assault than people
of greater economic means (58,68).

Globally, an estimated 563,000 homicides (rate: 10.5/
100,000) occurred in 1990. Males were affected three times
more than females (rate: males 13.6 vs. females 4.0/105)
(30). Geographically, the highest rate of homicide was
found in the sub-Saharan African region (rate: 44.8/105). In
this region, males aged 15 to 29 experienced the highest
homicide rate in the world (rate: 156.7/100,000) (63).

Suicide
The increasing incidence of suicide in the adolescent

age group demands greater public attention. In 2000,
29,250 suicides occurred in the United States, and this was
the 11th leading cause of death there. Fifty seven percent
were due to firearms, 19% due to suffocation, and 17% due
to poisoning. Males aged 65 or older commit 84% of the
suicides, yet suicide was the second leading cause of death
in the in the 25- to 34-year-old age group. In the 20 to 23-

year-old age group, males are seven times more likely than
females to commit suicide. White females attempt suicide
four times more often than white males; however, white
males are four times more likely to die from a suicide
attempt.

There were an estimated 264,108 patients treated in
hospital emergency departments for nonfatal self-inflicted
injuries. Of these, 170,222 (65%) were due to poisoning,
65,256 (25%) due to sharp instruments, and 3016 (1%)
involved a firearm. Sixty percent (158,464) of the 264,108
visits were considered to be suicide attempts (58,69). An esti-
mated 650,000 patients seek help for suicide attempts each
year (70).

Worldwide in 1990, there were an estimated 786,000
suicides (15.5/100,000). The highest rate of suicide was in
China with a rate of 30.4/100,000. Globally, elderly people
75 years or older had the highest suicide rates (63).

War-Related Injuries
Not all war-related injuries are strictly intentional. For
example, “friendly fire” or injuries sustained during
wartime but not due to hostile intent (e.g., motor vehicle
accident, fall from a height, etc.) are not categorized as inten-
tional. However, the vast majority of injuries result from
hostile intent. Data from the recent American combat oper-
ations in Iraq and Afghanistan 2003–2004 demonstrated a
wide spectrum of injuries with the majority due to penetrat-
ing trauma, with blast effect and direct blunt force being the
other chief biomechanical causes (Table 4) (15). The single
most common mechanism in terms of vector were IEDs,
followed by MVCs, GSWs, grenade [including rocket-
propelled grenades (RPG)], and shrapnel (Table 5) (15).

PUBLIC HEALTH APPROACH TO INJURY PREVENTION

Nearly all “accidents” are preventable, and numerous

potentially controllable events contribute to the typical

Table 4 Type of Injurya

Type of injury Frequency (%)

Penetrating 645 35.7

Blast 425 23.5

Blunt 410 22.7

Unknown 84 4.6

Crush 63 3.5

Mechanical 49 2.7

Thermal 48 2.7

Undetermined 21 1.2

Other 16 0.9

Chemical agent 10 0.6

Bites/stings 8 0.4

Degloving 8 0.4

Electrical 7 0.4

Heat injury 7 0.4

Inhalation 3 0.2

Multiple penetration system 3 0.2

Total 1807 100.0

aA casualty may have more than one type of injury. These numbers are

based on 1530 level III casualties.

Source: From Ref. 15.
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accidental event. By conventional wisdom, injury is
considered to be an unplanned, unfortunate, and nonpreven-
table event. However, considerable research data now
demonstrate the preventable nature of most “accidental” inju-
ries (71,72). Just as a deliberate exposure to a very infectious
respiratory disease increases the likelihood of contracting

the disease, personal attitudes and behaviors influence the
chance of injury. These attitudes need not be deviant; they
may simply reflect the choice not to use available safety
equipment such as seatbelts or a child safety seat. Likewise,
not wearing a bicycle or motorcycle helmet, not utilizing
smoke detectors in a residence, or not fencing in swimming
pools may lead to injury. Risk-taking behavior in driving or
with sporting events increases the likelihood that an injury
will occur.

Referring to a traumatic event as an accident implies
randomness associated with the event for which the individ-
ual has no control. Some individuals are described as “injury
prone,” implying an inability control their life or injury risk.
Injury research has shown this to be a misconception. Rather,
injury is an event that can be prevented and controlled like
other forms of disease.

Early work on “accident prevention” was undertaken
by John Gordon and William Haddon (71,73). Their pioneer-
ing research in establishing the root causes for injury and
quantification of the injury potential associated with key
events surrounding the accident serve as the foundation
for modern injury prevention and control measures. They
recognized that injuries are not caused by accidents but by
predictable events and hence are potentially preventable.
Injury prevention is an evolving science devoted to the elim-
ination of injuries. Early work included motor vehicular
safety issues leading to improved road safety standards,
lighting, and intersection design. Work on fire safety led to
better construction design and fire sprinkler systems. Baby
crib slats were placed closer together so that children
could not get their heads caught between the slats and
choke. Injury control aims to limit the severity of injury
once an event occurs by engineering safety features into con-
sumer products. Early work in motor vehicle injury control
led to the placement of seat belts in motor vehicles, the use
of tempered glass for front windscreens, and the use of
padded dashboards.

Haddon created a matrix to describe any injury in
terms of basic components and phases (5). He broke down
injury into four basic components: (i) the host, (ii) an agent
or vector, (iii) the physical environment, and (iv) the social
environment in which the injury occurs (48). The host
refers to the person who becomes injured. The agent or
vector is the object facilitating the injury, for example, a
motor vehicle, bicycle, gun, etc. The physical environment
refers to the physical or environmental conditions. When
driving a motor vehicle, the physical environment may

Table 5 Mechanism of Injurya

Mechanism of injury Frequency (%)

IED 310 18.4

MVC 207 12.3

GSW 188 11.1

Grenade (includes RPG) 170 10.1

Shrapnel/fragment 141 8.3

Unknown 119 7.0

Machinery or equipment 95 5.6

Fall or jump from height 90 5.3

Mortar 84 5.0

Burn 53 3.1

Aggravated range of motion 31 1.8

Land mine 29 1.7

Others 27 1.6

Knife or other sharp objects 21 1.2

Helicopter crash 19 1.1

Blunt object (e.g., rock or bottle) 17 1.0

Pedestrian 16 0.9

Free-falling objects 14 0.8

Bomb 12 0.7

None 12 0.7

Unk 10 0.6

Environmental 9 0.5

Exertion/overexertion 5 0.3

Flying debris 5 0.3

Building collapse 2 0.1

Hot object/substance 2 0.1

Altercation, fight 1 0.1

Total 1689 100.0

aA casualty may have more than one mechanism of injury. These numbers

are based on 1530 level III casualties.

Abbreviations: GSW, gunshot wounds; IED, improvised explosive devices;

MVC, motor vehicle collision; RPG, rocket-propelled grenades; Unk,

unknown.

Source: From Ref. 15.

Table 6 The Haddon Matrix as Applied to a Motorcycle Crash

“Accident”

components

Phases

Pre-event Event Postevent

Host or human factors Inexperienced and intoxicated

motorcyclist

Not using a helmet, not

wearing gloves and

leathers.

Age and physical

conditioning of the

cyclist

Agent, vehicles or vector Motorcycle Condition of the motorcycle

and the tires and brakes

Integrity of the motorcycle

and guard rails along the

curve

Physical environment Slippery winding road, with

no banked turns

Trees or poles near roadside,

oil in roadway

Guard rail and highway

design

Socio-cultural environment Societal attitudes about

drinking and driving

Emergency medicine

response system

Trauma systems for acute and

rehabilitative care
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consist of dry road surface in daylight, or it may be a slick
rain-soaked roadway at night. The social environmental
factors include whether the driver is intoxicated, is driving
too fast at the prodding of a friend, or is distracted by
music or by other passengers in the vehicle.

The injury event itself can be broken into three phases:
(i) the pre-event phase, (ii) event phase, and (iii) the post-
event phase. The four basic components described by
Haddon (listed above) are analyzed during each phase of
the injury event. An example of a Haddon (73) matrix is pro-
vided in Table 6. This method of researching an injury event
highlights casual factors and identifies interventions that
might prevent or control an injury event.

EYE TO THE FUTURE

Recently, the public health approach to disease control has
been applied to the study of injury prevention (74). There
are four primary tenants using this approach. First, the
problem is identified and quantified using an injury surveil-
lance program or review of existing injury data. Second is
the identification of risk factors or causal agents that may
contribute to an injury event. Third is the design, the trial
implementation, and evaluation of an intervention project
designed to reduce injury burden. Fourth is the wider
implementation of injury prevention and control. These
four principles are summarized by evaluation, education,
engineering, and enforcement. Table 7 lists several success-
ful injury prevention and control projects (63,75–77).

Improved data collection and data management
systems involving trauma statistics are underway. The
National Trauma Data Bank (NTDB) and CDC are two
examples of increasingly accurate and relevant data man-
agement systems being used to track injury statistics. The
National Injury Surveillance System (NISS) is another data-
base that is increasing the scope and the number of centers

available to better capture data that are currently not being
logged.

The WHO has pushed for underdeveloped countries
to report injury data and for improved standardization of
data. Interpersonal violence is a major area of often uncap-
tured statistics, and improved capture is being sought at
the national level in the United States by the CDC and glob-
ally by the WHO.

SUMMARY

This chapter surveyed the mechanisms of trauma in Section
II and the epidemiology of trauma in the remaining sections.
The demographics of trauma are characterized in terms of
intent, YPLL, and by demographics including age, gender,
and socioeconomic factors. Trauma is still a disease that
affects young males to a disproportionate degree, but
several trends have recently been discovered: (i) there is an
increase in adolescent suicides; (ii) women are increasingly
becoming victims of interpersonal violence; (iii) the elderly
are increasingly becoming involved in trauma and have a
far higher mortality for any given ISS.

The focus upon prevention needs to be intensified. It is
now increasingly understood that accidents are seldom
random, and consist of numerous factors that can be modi-
fied in order to decrease the risk of injury. The prevention
of intentional injury is the most difficult, as it requires
changes in the root causes of violent interpersonal behavior
(involving numerous complicated psychological factors).
Family and school-based programs have been developed
to assist in conflict resolution and mentoring programs.
After school and after dark supervised youth activities,
suicide crisis counseling, and intimate partner counseling
are just a few of the additional programs designed to
address these issues (78).

The role of the healthcare profession in the reduction
of injury is underutilized. Acute medical treatment and

Table 7 List of Injury Prevention and Control Projects (Past and Present)

Program Target group Intervention Outcome

Bicycle helmets Youth bicyclists Safety helmet usage while riding Decreased head trauma

Smoke detectors All people Smoke detector in the home Decreased burns and smoke

inhalation to inhabitants

MADD General public Decrease the incidence of driving

while intoxicated

Lowering DWI rates and

decreasing motor vehicle

crashes

Playground safety Youth Improve the safety of playground

equipment and surfaces

Decrease playground injuries

Swimming pool safety Toddlers and young children Fence in swimming pools and

increase awareness of

drowning

Decrease the rate of childhood

pool drowning

Auto safety restraint system

usage

Automobile occupants Use of seat belts and shoulder

harness

Decrease the severity of a motor

vehicle crash

Child restraint system usage Children and toddlers Proper use of child restraint

systems

Decrease the severity of a motor

vehicle crash

Prevention of falls All ages, but particularly in the

very young and elderly

Improved lighting, nonskid

floors, barred lower windows

Decrease the incidence of fall

related injuries

Burn prevention All individuals Fire awareness campaigns; stop,

drop, and roll campaigns

Decrease the incidence of burns

and smoke inhalation

Abbreviations: DWI, driving while intoxicated; MADD, Mothers Against Drunk Driving.
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rehabilitation will reduce the burden of injury, but the
prevention and the control of injury are likely to have an
even greater impact. Healthcare professionals should under-
take research to define the scope of the injury problem, to
delineate the biomechanics of injury, and to design preven-
tion programs. Healthcare professionals can support local
interest groups involved in injury prevention projects.
Counseling, education, and behavioral modification tech-
niques will enhance social awareness and reduce risk
taking (29).

While natural disasters such as earthquakes, tsunamis,
and hurricanes or tragedies such as plane or train crashes
bring injury to the forefront of the news and our minds,
the daily morbidity and the mortality resulting from injuries
to individuals go relatively unnoticed. Trauma continues to
go on as the “silent epidemic” identified by the Public
Health Service four decades ago. Although the organization
and the quality of medical care have advanced, injury pre-
vention still lags behind. Injury prevention and control
begin with one person, one idea, and a purpose of mind to

change the status quo.

KEY POINTS

The leading causes of trauma in industrialized countries
are MVCs, whereas in developing countries, interperso-
nal violence and war accounts for most injuries.
The degree of tissue destruction is directly proportional
to the amount of energy absorbed by the tissues.
The biomechanical forces that result in blunt trauma are
most commonly due to rapid deceleration or acceleration.
High-velocity GSWs cause tissue destruction due to
the bullet and the cavitary effect created by the
associated pressure wave, greatly expanding the zone
of injury.
The cavitary effect and subsequent tissue damage from
the bullet are more extensive than the missile tract
alone, and are dependent upon the KE delivered as
the bullet impacts the tissues.
Major determinants of injury are the temperature of
burning substance, duration of the contact with the
heat source, and the type of tissue exposed.
A burn due to an acid substance results in coagulation
necrosis, whereas a burn due to an alkali substance
results in liquifaction necrosis.
Because much of the tissue destruction resulting from
an electrical burn is internal, the degree of injury is
not always initially apparent and is commonly underes-
timated.
The blast shockwave causes a temporary “overpres-
sure” condition that can cause soft tissue injury, pneu-
mothorax, pulmonary contusion, perforation of the
middle ear or a hollow viscus, and air embolism.
Exposure to high doses of radiation can cause both
thermal and radiation injury; the radiation effects may
be acute or chronic.
Prevention of intentional injury is one of the most diffi-
cult public health problems because of the multiple
social, economic, and psychological factors involved.
The prevention of unintentional injury focuses upon
education, enforced use of restraint devices, and
improved control of environmental factors (i.e.,

roadway maintenance, lighting, clear lane markings,
and signage, etc.).
The injury pyramid emphasizes the reality that mortality
statistics only represent the tip of the iceberg, because
most episodes of trauma and violence are not reported.
Trauma is responsible for the vast majority of YPLL in
the United States.
Improved data collection systems result in improved
comprehension of the epidemiology of trauma and
increased ability to institute preventative strategies.
The mechanisms of both intentional and nonintentional
injures vary by age, and the traumatologist should be
familiar with these trends.
Trauma remains predominantly a disease of males.
However, there is an increasing trend of violence
against women due to assault worldwide.
The National Safety Council estimates that for every
motor vehicle–related death, there is an associated
cost of $1 million.
Alcohol was a factor in 38% of all fatal motor vehicle
injuries.
Most drownings of 1- to 4-year-old children occur in
residential swimming pools, typically when the child
is unsupervised (even for a “few moments”).
There is a great socioeconomic disparity with respect to
homicides, as those of lower socioeconomic status are at
far greater risk of a fatal assault than people of greater
economic means (58,68).
The increasing incidence of suicide in the adolescent
age group demands greater public attention.
Nearly all “accidents” are preventable, and numerous
potentially controllable events contribute to the
typical accidental event.
Injury prevention and control begin with one person,
one idea, and a purpose of mind to change the status quo.
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INTRODUCTION

The management of prehospital care has dramatically
improved over the last two decades. Although the organiz-
ation varies in different regions of the world, each of the
various systems has evolved to incorporate the life-saving
lessons in resuscitation and monitoring relevant to their
unique situations and local conditions.

The earliest records of organized prehospital care are
attributed to Greek military operations, including the
advent of triage, prehospital care, and hospital ships that
were used to transport wounded soldiers home to Greece.
More recently, the Napoleonic Wars, the American Civil
War, the World Wars, as well as the Korean and Vietnam con-
flicts have witnessed continued progress toward more struc-
tured battlefield care, both in terms of the quality of field
hospitals and flow of evacuees from the battlefield (1–3).
During the recent wars in Afghanistan and Iraq, the manage-
ment of prehospital care has been streamlined even further
by American and coalition forces. Indeed, under optimum
conditions, patients can now be transported to Landstuhl
Army Regional Medical Center in Germany within 12
hours of a major battlefield injury occurring anywhere in
Iraq or Afghanistan. Furthermore, patients with certain inju-
ries (e.g., major burns) can be off-loaded from one airplane
immediately after transport from Iraq and landing in
Germany, and placed directly onto another plane waiting
on the runway tarmac for an immediate flight back to
Brooke Army Hospital in the United States, arriving 12
hours later (total time from battlefield in Iraq to Brooke
Army Burn Center in the United States �24 hours).

The concept of initial treatment of life-threatening
injuries and evacuation to a center with adequate resources
for definitive care now forms the basis of trauma manage-
ment for both military and most rural civilian emergency
medical service (EMS) systems. Each country has developed
an approach to respond, extricate, assess, treat, and transport
patients suffering from trauma. This typically includes an
organized dispatch with dedicated emergency phone
numbers for the public to access. Different levels of response
are now available based upon need, ranging from basic first

responders, to paramedics, to prehospital physicians. New
techniques have been developed to safely evacuate injured
patients from crumpled vehicles, damaged structures, and
precarious geographic regions. Increased specialty training
in managing the specific needs of the trauma patient in the
field has been developed in response to lessons learned
both on the battlefield and in civilian settings. Additionally,
research data are increasingly used to assess and validate the
management of trauma patients.

This chapter reviews the various prehospital systems,
including staffing models and the training of the EMS provi-
ders. The basic philosophies and management strategies of
prehospital providers are also examined by contrasting
models of care. Particular attention is placed on the quality
of communication between the various entities. Finally, the
integration of prehospital care and definitive management
centers (including a comparison between military levels of
care and the “trauma system” concept) is discussed.

MODELS OF PREHOSPITALTRAUMA CARE
Staffing Models of Prehospital Care
Background
Prehospital care is structured around the world according to a
variety of models, with variable integration of local rescue
systems and the regional health care organizations. In the
United States and Canada, the ambulance services are inte-
grated within local fire departments and first response
systems, whereas, in European countries, the ambulance
service is typically separated from the rescue services. Ambu-
lance services may exist as separate contracts with the hospitals
or with the national or local health systems, which purchase
ambulance services for the population. The degree of phys-
ician-led input and direction varies, especially with respect to
the actual involvement of physicians in prehospital care.

United States and Canadian Model
In the United States and Canada, the prehospital care systems
are basically incorporated into the emergency response system.
A call for assistance is made and emergency resources are dis-
patched. The training and expertise of the initial responder
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varies based on local staffing, ranging from volunteers in rural
and remote regions to multitiered responders in urban settings.
Typically, the fire rescue crews, also known as “first respon-
ders,” are dispatched, bringing with them the necessary extri-
cation tools in addition to equipment for basic life support
(BLS). Simultaneously dispatched with the first responders is
an ambulance capable of transporting the patient as well as
providing additional medical assistance.

Many regions will have a greater number of staffed
first responder units (e.g., the traditional fire suppression
units) than ambulances. Therefore, they typically arrive
earlier and initiate patient care until the arrival of the ambu-
lance transport unit. The level of care provided by the first
responders is usually BLS, but the responders can include
highly trained paramedics who are able to deliver advanced
life support (ALS); this varies depending upon the geopoli-
tical region. The training of the personnel arriving with the
transporting ambulances is typically at the paramedic level
if responding to trauma calls.

In addition, aeromedical resources are available in many
regions. These are often staffed with an even higher level of
care, which can include a flight nurse or a flight physician.
Regions that utilize air transport include those with prolonged
transport times, difficult extrication sites, limited ground
resources, or limited availability of ALS care by ground units.
These regions are typically sparsely populated, mountainous,
contain vast archipelagos, or traverse relatively long distances
(see Volume 1, Chapter 7). Flight crews allow for “ALS-
backup” in regions with scarce or no availability of ALS
ground crews, or in sparsely populated regions remote from
hospitals that would deprive the region of their ALS resource
if patient transport out of the region by ground were required.

Medical oversight of prehospital care runs the
gamut from required physician presence at the scene, to
protocols requiring real-time physician input through

telecommunication, to merely retrospective involvement
(e.g., follow-up quality assurance performance reviews).
The oversight in most North American regions incorporates
a combination of both “on-line” (prospective) and “off-line”
protocol driven care with (retrospective) medical review.
Most of the ambulance services in the United States have an
on-line medical control via radio or cell phone system directly
to an available in-hospital radio nurse or physician, with direct
on-scene intervention by physicians being quite limited. In fact,
statutes have recently been enacted in some jurisdictions that
specifically limit the participation of physicians in field oper-
ations, particularly in a “good Samaritan” role.

A number of systems in the United States have moved
toward off-line medical oversight in which treatment algor-
ithms are created, and paramedics operate on standing
orders under these protocols. Physician back-up consultation
is available via radio, but is rarely used in this setting (4–6).
The dynamics of organized labor representing field medical
and personnel, and a persistent aggressive agenda for oper-
ational independence of medical oversight, must be balanced
by appropriate physician oversight for optimal patient care to
occur. However, for a variety of reasons (e.g., lack of organiz-
ation and interest), physician groups have not always pro-
vided the community-wide leadership required. As an
editorial side note, the authors believe that statutes should
not limit physician participation at any level of care.

Central European Model
In many European countries, the ambulance service is separ-
ated from the rescue crews. Ambulance teams may exist as

separate entities that are subcontracted and operated by hos-
pitals, or by the national or local health systems (which con-
tract ambulance services to care for the population). Initial
responses are essentially “house calls” made by rescue per-
sonnel, with ambulances being called only if necessary.
These ambulances, whether ground- or air-based, are often
dispatched from the hospital with an “on-board” physician
as one of the responding crew members. In this model, the
physician and technology are brought directly to the scene,
providing a high level of emergency care to the patient
before they arrive at the hospital (7). When physician evalu-
ation occurs in the field, patients are triaged earlier, and can
even be admitted directly to inpatient specialty services.

The German system of physician-based prehospital
care is representative of the best of those found throughout
Europe. The German system integrates rescue teams, ambu-
lance services, and hospital care, especially at level-I trauma
centers. The German prehospital system is based on a com-
bination of basic transport ambulances, ambulances staffed
with emergency physicians, and physician-staffed helicop-
ters. These ambulances and helicopters are not competitive,
but complementary; helicopters are often based at a level-I
trauma center to ensure the immediate availability of a phys-
ician for prehospital trauma care and rapid transport. The
extent of the physician involvement varies from country to
country, with Germany and France having the most
extended physician-based systems; Scandinavian countries
have partial coverage of physician-staffed ambulances and
helicopters; and the United Kingdom has sporadic coverage
by prehospital physicians. The majority of physicians
involved is typically anesthesiologists; but to some extent
also include emergency physicians, internists and trauma
surgeons. The United Kingdom also employs general prac-
titioners. They all have supplementary and specialized train-
ing of varying content and duration.

Comparison of Prehospital Staffing Models
The majority of prehospital investigations of both paramedic-
based systems and physician-based systems have been
conducted as observational studies without control groups.
Few studies with control groups have made comparisons
between the two models of care. One study compared the
overall trauma systems of an American air transport
program with the German air trauma system (8). Although
it was noted that there were more invasive procedures uti-
lized by the German physicians, there was no significant
difference in overall mortality between the two systems;
11.3% for the American System versus 9.5% in the German
system. Common methods of scoring the magnitude of
trauma injury sustained by an individual patient include a
“physiological system” [e.g., the revised trauma score
(RTS)], and an “anatomical system” [e.g., the trauma injury
severity score (TRISS)], both fully discussed in Volume 1,
Chapter 4.

A TRISS analysis showed that the German model
would produce an additional 2.5 survivors for every 100
patients treated (9). Other studies have used TRISS analysis
to compare prehospital treatment by physicians and para-
medics. The study of the London Helicopter Emergency
Medical Service (HEMS) did not find differences in the
overall mortality among injured patients treated by HEMS,
compared with trauma patients treated by ordinary ambu-
lance crews, including paramedics (10). However, among
the subpopulation of the most severely injured, there was a
trend toward improved survival among the HEMS-treated
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group. This study may have been more of an indictment of
helicopter-based transport in urban environments than an
evaluation of on-site care provided by physicians as
against that provided by paramedics.

Until the late 1990s, when the U.K. National
Trauma database had gathered data for TRISS-analysis, all
TRISS-based studies were compared to the Major
Trauma Outcome Study (MTOS) from the United States.
However, the U.S. study population in the MTOS patient
group differed from the U.K. group in several ways
including the epidemiology of trauma, the severity of
injuries, mechanism of injury, age, and comorbidities.
These differences made direct system comparisons quite
challenging.

In the evaluation of a trauma helicopter service that
was established in Amsterdam, the group of patients with
intermediate severity injuries had improved survival from
11% to 17% when treated by physicians (11). Australian
studies of trauma patients, and patients with head injuries,
also showed improved survival among patients treated by
the physician-staffed helicopter or physician-staffed ambu-
lances compared with those treated by ordinary ambulances
(12–14). Other work has shown that invasive procedures are
performed more often and more successfully by trained
physicians than paramedics (15). Conversely, a Canadian
study based on an expert panel reviewing a number of
trauma deaths found treatment performed by prehospital
physicians to be harmful, especially when there is a long
“on-scene time” (16). Additional work comparing three pro-
grams, each serving a level I-trauma center, one with “Phys-
ician ALS,” another with “Paramedic ALS,” and yet another
with “Emergency Medical Technician-BLS,” concluded that
there was no survival advantage of an on-site physician, or
even ALS level care over BLS when occurring in an urban
setting (17).

There are numerous observational studies that
evaluate the beneficial effect of paramedic-based prehospi-
tal care on trauma patients. However, a rigorous review of
the prehospital trauma literature found no randomized
controlled trials (RCTs), quasi-randomized controlled
trials, or controlled before-and-after studies comparing
effectiveness of ambulance crews with ALS training
against crews with any other levels of training (excluding
physicians) in reducing mortality and morbidity in
trauma patients (18).

In summary, the question of whether a physician-based
or paramedic-based system is superior for the management
of field trauma patients depends upon both the prehospital
environment and the hospital system accepting the patient.
It is generally agreed that physician-assisted prehospital
care is most beneficial in rural settings, where the time
between injury and definitive care is long, whereas in urban
settings, rapid transport directly to the trauma center has
the highest survivor yield, regardless of the level of training
of the EMS provider. Prehospital levels of staffing,
whether using paramedics or physicians, are dictated by
local need and financial feasibility.

Skill Levels and Training of Prehospital Providers
The training levels of the prehospital care providers is
diverse; ranging from lay people acting as volunteer respon-
ders to varying levels of emergency medical technicians
(EMTs), paramedics, flight nurses, or physicians. The level
of staffing in a region is often dependent on local need,
finances, and available resources. In remote regions,

volunteer first-responders are more common with BLS-
level EMTs assisting with transport, while paramedics are
more common in suburban and urban areas.

Advanced first aid and CPR training for first respon-
ders takes approximately 48 hours, compared with 128
hours of training for an EMT-Basic. The scope of care of
the EMT focuses on spinal immobilization, basic airway
management, and defibrillation. An intermediate level
EMT (i.e., “EMT-1”) is often utilized more in rural areas,
where paramedic coverage is difficult to maintain. They
have additional skills above those of the EMT-Basic, being
able to initiate intravenous (IV) fluids and administer
certain medications. Paramedic training consists of over
500 hours of classroom and laboratory training as well as a
minimum of 480 hours of field training. Paramedic “scope
of practice” varies from state to state, and may incorporate
advanced airway management (including oral and nasal
intubation as well as needle cricothyrotomy), interosseus
access, needle thoracostomy, and an increased scope of
medication use. In addition, and on a limited basis,
courses have recently become available which are designed
to create a critical care medicine (CCM)-trained paramedic
(paramedic CCM), which involves placement of central
lines, chest tubes, initiation and management of vasoactive
and inotropic infusions, and so on. Although physicians’
medical education is far more extensive than that required
for prehospital providers, medical school didactics rarely
include field-specific training or other aspects of prehospital
trauma management. Accordingly, physicians learn the bulk
of their prehospital training during residency, and as part of
their daily routine in hosipitals.

Although many European and U.S. trauma systems
now involve physicians in prehospital care, there are yet
some areas such as the United Kingdom where doctors
rarely venture into the prehospital environment. As a
result, the trauma team receiving the patient may have
little understanding of the nature of the prehospital environ-
ment, extrication requirements, hazards and difficulties of
treating patients outside of the hospital, scope of skills of
prehospital care providers, and difficulties in transporting
patients with major trauma.

In trauma management, especially in severely injured
patients, the efficacy of ALS performed by ambulance crews
has been questioned (18,19). One criticism appears to be the
challenge of maintaining sufficient numbers of advanced
procedures, such as endotracheal intubation, to remain pro-
ficient with these skills. Cadaver labs, operating room time,
and training mannequins have been used by prehospital
agencies to address this shortfall. Continuing education
often focuses on these less common, but critical, advanced
procedures.

Integration of Prehospital and In-Hospital Systems
Prehospital care must be integrated closely into the

regional trauma system. The distinction between the
physician-based and paramedic-based system is not always
clear. In the majority of the physician-based studies, phys-
icians act as a supplement to the ordinary ambulances and
work as a team on-scene with the paramedics and ambu-
lance crews. An important factor for the overall success in
caring for the prehospital trauma patient is the integration
and working relationship between the physician and the
paramedic. This integration can be the relationship of phys-
icians working on-scene (as in the European system), or as
part of on-line or off-line medical direction (as in the U.S.
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model). Medical direction and oversight, which includes
defining educational curriculum, supervising training,
developing treatment protocols, and performing continuous
quality improvement is a critical component in the organiz-
ation of the prehospital system. The close cooperation
between physicians and paramedics and knowledge of
each other’s needs and abilities is paramount to the success
of integration between the prehospital and in-hospital
phases of care.

Communication Between Hospitals and Field Units
Dispatch
Communication is essential throughout the trauma chain of
survival. It starts with the patient or bystander alerting the
EMS, often by phone via a standardized two- or three-digit
number. The telephone number designated to activate an
emergency response is different throughout the world, but
there is a widespread use of two- or three-digit dedicated
emergency telephone numbers, for example 911 in the
United States, and 112 in European countries (though 999
is still used in some areas of the United Kingdom).
However, numerous communities around the world still do
not have a single emergency medical services telephone
number. Furthermore, in major disasters telephone com-
munication is often lost (e.g., Sept. 11, 2001, and Hurricane
Katrina 2005) further contributing to chaos, and a delay in
life-saving resources.

Dialing a dedicated three-digit number gives the
caller access to a dispatcher who will send the appropriate
emergency personnel as well as offer basic care instructions
over the telephone until rescuers arrive. With current
digital cellular and satellite phone systems, it is now possible
to instantaneously identify the telephone number and
location of the incoming call. However, not all metro-
politan areas have this capacity as of this printing. As
these capabilities develop, this technology will facilitate
more accurate and rapid EMS dispatch. Similarly, satellite
systems and global positioning systems make it possible
to identify the location of the ambulances en route, increas-
ing the efficiency of dispatching ambulances nearest to the
scene.

On-Scene Communication
In the case of motor vehicle collision as well as mass casualty
incidents, the police, fire services, and ambulances need to
be able to communicate with each other on scene as well
as with the hospital while en route. Communication with
the hospital, whether direct or through a base station, is
essential for triage of the patients and to enable hospitals
to prepare for the inbound patients.

Mixed communication systems with telephone,
radio, and computer integration are continuing to be devel-
oped, and as analog technology is replaced by digital
technology, transmission of both voices and images is cur-
rently possible. Telemedicine (Volume 2, Chapter 72) has
been used for the traditional transmission of electrocardio-
grams for cardiac patients, and to a minor extent, in
trauma cases by photographs or videos from the scene.
This can facilitate decisions at the dispatch center and can
supply the trauma team with important information con-
cerning the mechanism of injury and patient condition.
The wide variation in organization and equipment used in
communication stresses the importance of being familiar
with the local communication system. Telemedicine
(Volume 2, Chapter 72) will probably play an increasing

role in the future development of prehospital care communi-
cation systems.

SYSTEMMANAGEMENT STRATEGIES
Overview of Management Strategies
The aim of any prehospital system is to provide optimal care
until patient management is transferred to the hospital staff.
This includes on-scene evaluation and triage (Volume 1,
Chapter 4) as well as transport (Volume 1, Chapter 7). The
optimal system of prehospital health care delivery depends
upon the infrastructure development, prehospital staff train-
ing, transport times to the hospital, and the allowance of
local policy for ambulance crews to bypass rural hospitals
in preference for higher level trauma centers better able to
provide the required resources (e.g., neurosurgery). The het-
erogeneity of these factors in the real world has contributed
to the debate in defining “optimal care” delivered at the
scene and during transport. Although there is a quite a
range of care, much recent debate has taken extreme views
embracing either “field stabilization” or “scoop and run.”

The former strategy, (sometimes referred to as “stay
and stabilize” or “stay and play”) involves bringing the
technology to the patient by delivering ALS at the scene,
including: (i) securing the airway by endotracheal intubation
using rapid sequence induction (RSI) techniques, (ii) decom-
pressing the chest, (iii) establishing IV access, and (iv) begin-
ning IV fluid resuscitation in hypovolemic patients. The aim
of these time-intensive procedures is to stabilize the patient
as much as necessary on-scene, and only once this is
achieved is the patient transported to the hospital.

The opposing view has been termed “scoop and run”
to describe a practice in which minimal treatment is deliv-
ered at the scene. This philosophy involves managing the
patient and any life-threatening emergency in the ambulance
while en route, (when scope of practice allows); or waiting
until the patient reaches hospital to deliver definitive care.
Generally, European countries have tended toward a “field
stabilization” policy, whereas North American systems
have been more closely aligned to a “scoop-and-run” philos-
ophy. Many systems have now evolved to a “blended
approach,” with limited treatment provided on-scene
before departure to hospital and with additional care being
given en route, as possible or necessary. This may involve
making sporadic stops by the roadside, to perform a pro-
cedure (e.g., chest tube placement), as may be required.

Several studies supporting both extremes have been
published in the literature over the past two decades, and
debate continues regarding the optimal approach (20–22).
Proponents of field stabilization argue that a Primary
Survey and procedures necessary to treat life-threatening
injuries should be carried out on-scene. Proponents of
“scoop and run” argue that the time interval from injury to
definitive surgical care is the main determinant of
outcome, and that the patient should be transported to the
hospital as soon as possible. These “scoop and run” advo-
cates believe that ALS should be administered en route
rather than at the scene, although procedures performed in
the back of a moving ambulance are limited by vehicle
motion and available space.

It is unlikely that either extreme is the correct
approach for all patients. Another factor that may have con-
tributed to mixed results in clinical studies is the variety in
pathophysiology involved in different countries. Studies
that include prehospital patients with a higher incidence of
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penetrating injuries will tend to conclude that a “scoop-and-
run” management style is better, as it will transport patients
to surgeons more quickly to repair the focal site of injury and
hemorrhage. On the other hand, studies that are comprised
mostly of patients with blunt trauma will tend to support
more of a “field stabilization” policy (23). A balance

between “scoop and run” and “field stabilization” must be
determined for a given region, based upon transport dis-
tances, prehospital resources, and mechanisms of injury
(blunt vs. penetrating trauma). Examination of the
causes of prehospital death, as well as other factors like
transport times and patient demographics, allows a more
evidence-based approach to unraveling the optimal strat-
egies for prehospital care.

Prehospital Mortality Data Drives
Resuscitation Priorities
Of deaths occurring by blunt trauma, approximately 25%
occur immediately at the time of the primary injury,
forming the “first peak” of deaths as described by Trunkey
in his didactic “trimodal distribution” (24). These are
usually catastrophic central nervous system (CNS) injuries
or massive cardiovascular wounds that are non survivable.
An additional 25% of patients will die before reaching hospi-
tal, the “second peak” in the trimodal distribution; these
deaths are mostly a result of traumatic brain injury (TBI),
but also include potentially treatable injuries such as
airway obstruction, or tension pneumothorax. McCoy et al.
(25–27) found that TBI (34%), uncontrolled systemic hemor-
rhage (25%) or both (8%) were the main causes of prehospital
death, and other studies have reported similar results.
Delays in initiating prehospital treatment have also been
shown to be a contributing factor in the outcome (28).
Although studies have focussed on the effect of prehospital
care on outcome, the effect of prehospital management on
long-term disability is often overlooked and is likely to be
significant. Airway management continues to be the single
aspect of prehospital care where improvements are most
likely to decrease preventable deaths. Indeed, supporting
the airway, breathing, and circulation (the traditional
“ABCs” of life support) still reigns at the top of the trauma
management hierarchy (see Volume 1, Chapter 8).

Organizational Influences on the System of
Prehospital Care
Overview
Differences in the organization of prehospital care structure
and providers (e.g., with or without physicians on scene)
have contributed to the evolution of the so-called “field
stabilization” against “scoop and run” concept of prehospi-
tal care, defined earlier. In Europe, physicians treat patients
both on-scene and en route, but they also prioritize rapid
transport. Similarly, paramedics in the United States not
only expedite transport to the hospital but also initiate
treatment of the patient while en route. It is not possible
to give a simple answer as to which of these systems is
best, as it is an integrated part of the whole socioeconomic,
political, and organizational structure of the particular
society. The epidemiology of injury having penetrating
trauma, comprising a significant component in many
regions of the United States, and parts of the population
being concentrated in densely populated metropolitan
areas with short transport times favors paramedic-based
“scoop-and-run” systems. Conversely, the vast majority of

blunt trauma in Europe occurs with an infrastructure of a
more uniformly and less densely populated continental
Europe, favoring the physician-based “field-stabilization”
system. Moreover, the structure of some European hospital
systems almost demands heavy reliance upon initiating
resuscitative procedures in the field (i.e., the infrastructure
of separate “specialty clinics” rather than an integrated
general hospital).

Evidence for ‘‘Scoop and Run’’
Proponents of “scoop and run” argue that prehospital

treatment prolongs the time to definitive treatment.
Several studies suggest that field treatment-associated
delays in transport worsens the outcome, particularly in
penetrating trauma. Studies from South Carolina showed
that reduction in field times through adoption of a “scoop-
and-run” policy for unstable and penetrating trauma
reduced the number of patients who deteriorated en route
to hospital, and ultimately doubled survival rates (29). In a
small study, Gervin and Fischer retrospectively evaluated
patients with penetrating cardiac injuries who were
promptly transported with minimal prehospital therapy
compared to those who had received prolonged attempts
at stabilization in the field (30). Fifty-six percent (n ¼ 13)
were alive at the time of ambulance arrival, with systolic
blood pressures greater than 90 mmHg. Approximately
one half of the patients were treated with “scoop-and-run”
technique with minimal in-field treatment, and the remain-
ing patients were treated with extensive in-field attempts
at stabilization. Patients managed by “scoop and run” with
potentially salvageable injuries had a survival rate of 38%;
in comparison, none of the patients who received field stabil-
ization survived. Ivatury et al. (31) also found significantly
improved survival in patients with penetrating thoracic inju-
ries when they were treated by immediate transport rather
than field stabilization.

Most studies showing the benefits of “scoop and run”
have originated from the United States in urban areas, where
a significant proportion of patients either have penetrating
injuries, or require operative control of hemorrhage, or
both. For reasons discussed earlier, prolonged field stabiliz-
ation is an inappropriate strategy for these patients because
time to surgical control of the hemorrhage is the most
important factor in determining the outcome under these
conditions.

Evidence for ‘‘Field Stabilization’’
Proponents of field stabilization cite data showing that

prehospital airway obstruction is common, and many
patients with “survivable” injuries died due to obstructed

airways. This association appears particularly common
in patients with TBI, where hypoxia caused by airway
obstruction or inability to achieve ventilation causes signifi-
cant morbidity and mortality beyond that seen in patients
who had no head injuries.

Several studies have shown that secondary brain
injury is a common contributor to prehospital morbidity
and mortality. Davis et al. (32) studied 100 TBI deaths in
South Africa and judged hypoxic brain damage to be a con-
tributing factor in 88% patients. More than 95% of patients
with TBI are found to have ischemic CNS lesions at postmor-
tem; many of these ischemic lesions occurred after the
primary brain injury.

Doran (33) suggested that early endotracheal intuba-
tion of head-injured patients could reduce mortality and
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morbidity from hypoxia. It is not surprising that most clini-
cal studies have confirmed this theory. Wang and Sweeney
(34) undertook a retrospective study of mortality in 1092
blunt trauma patients with a Glasgow Coma Scale (GCS)
score that was less than eight. Half had been treated by
field stabilization, including securing of the airway by endo-
tracheal intubation on scene; the others had been treated by
the “scoop-and-run” method, with definitive airway man-
agement not being delivered until arrival in hospital. Of
the 351 with isolated TBI, mortality was 23% for those intu-
bated in the field, but rose to 50% in the group not intubated
until arrival in hospital. The authors attributed this finding
to improved oxygenation and ventilation, which minimized
the secondary ischemic CNS damage. A less marked but sig-
nificantly increased survival was seen in patients with
combined TBI and injuries to other areas and in patients
without TBI. Lockey et al. (35) showed that unconscious
patients with TBI intubated in the prehospital setting have
a 40% better chance of survival with good neurological
outcome. Although most studies have focussed on mortality,
there is little research into the corresponding effects of
similar interventions on morbidity or quality of life (e.g.,
return to productivity) following prehospital endotracheal
intubation.

Optimum Mode of Transport
The optimum mode of transport depends upon where the
patient is located. Ground ambulances are most appropriate
for short runs in physically safe regions. Helicopters are
favored for remote locations with uneven terrain, or
limited landing area, or both. In addition, fixed-wing aircraft
are best for long distance travel (provided runway capacity
is available). Occasionally, helicopters are used to transport
patients over short distances when urban traffic, geographic
barriers, or armed conflict inhibits ground transport (see
Volume 1, Chapters 4 and 7).

PREHOSPITALMANAGEMENT PRIORITIES
Airway

Airway obstruction continues to be a major contributory
factor in prehospital deaths. As in all stages of trauma
care, the prehospital management priorities also begin
with the ABCs (airway, breathing, circulation). In addition,
evaluation for and protection from disability (D) is
achieved, and extra (E) information is sought, while
environmental (E) protection is assured (Table 1). In
the Advanced Trauma Life Supportw (ATLSw) scheme, the
ABCDEs emphasized during the “Primary Survey” and
“Secondary Survey” are the same as those used in the
field, except for the component “E.” In the field, “E” stands
for “extra information” (e.g., procedures performed etc.)
and environmental protection (e.g., protect the patient
from extremes of heat or cold), whereas in ATLS, “E” stands
for “Exposure and Environmental Control,” meaning
completely undress the patient, visualize all body surface
areas, but prevent hypothermia (see Volume 1, Chapter 8).

As many as 85% of trauma patients who die of poten-
tially preventable conditions before reaching the hospital do
so because of airway problems (36). Airway obstruction is of
particular significance in patients with TBI, as hypoxemia
has been shown to specifically increase mortality. An
Australian study estimated that 7% of deaths from motor
vehicle accidents were on account of airway obstruction
and subsequent asphyxia, without any other major injury

(37). Similarly, the same U.K. study found that in 9% of
deaths, patients had an injury severity score (ISS) less than
16, indicating a degree of primary injury that by itself would
be unlikely to cause death. A study from Greece found that
although 65% of trauma fatalities were associated with
airway obstruction or tension pneumothorax, the figure rose
to 74% in those with TBI, again showing the deleterious effect
of hypoxia on head injury (35).

Airway management is particularly critical follow-

ing TBI, cervical spine, or thoracic trauma and takes
precedence over immediate transport unless it can be per-
formed easily en route. Orotracheal intubation, either
with or without sedatives and paralytics, is the mainstay
for airway management for most prehospital systems
employing a paramedic or higher level of rescuer or provi-
der. Other airway adjuncts utilized in the field include
bag-valve-mask (BVM) ventilation with jaw lift, use of an
oral or nasal airway, esophago–tracheal-combitube (ETC),
or laryngeal mask airway (LMA), nasotracheal intubation,
and expedient “surgical airway” through percutaneous
needle, or open cricothyrotomy. The emergency airway man-
agement methodology employed is often determined by the
local “scope of practice” permitted, the experience and train-
ing of the individual provider, along with the various airway
management tools and pharmacological adjuncts available.

Success rates for endotracheal intubation performed
by paramedics in the field have been reported up to 98%
with the use of neuromuscular blockade (NMB) drugs
(38). Without the use of sedatives or paralytics, success
rates decline substantially because of jaw clenching, gag
reflexes, and patient combativeness (39,40). Intubation of
severely injured patients is a complicated skill requiring
both knowledge and experience (41). Depending on local
policy and scope of practice, paramedics may or may not

Table 1 Prehospital Trauma Evaluation and Treatment

Priorities

Prehospital

ABCDEs Explanation/description/comments

A—Airway Basic and advanced airway maneuvers,

surgical airway, administration of

oxygen, use of sedative or paralytic

medications to secure the airway (in

certain jurisdictions)

B—Breathing Needle decompression, tube

thoracostomy

C—Circulation Intravenous access, size and location of

cannulae, volume and type of fluid

administered, drugs given to support

the circulation

D—Disability Neurological state, spinal precautions,

steroids

E—Extra info. and

environmental

protectiona

Medications given, including pain

management, other procedures

performed (e.g., splinting,

reductions). Protection of the patient

from environmental extremes

(e.g., excessive heat, cold, wind, etc.)

aThe “E” used in the Advanced Trauma Life Supportw (ATLSw) Primary

Survey and Secondary Survey has a slightly different focus, representing

“Exposure and Environmental Control” instead.
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have access to sedative or paralytic medications to facilitate
intubation in patients requiring airway protection or venti-
latory support. When protocols are prohibitive of these
procedures, intubation success rates in patients with
higher GCS scores are often lower than in flaccid unrespon-
sive patients with lower GCS scores and dismal rates of
meaningful survival (42).

Physicians providing airway management in the pre-
hospital setting have generally been shown to be skilled at
endotracheal intubation. A prospective, descriptive, con-
secutive prehospital study of emergency intubation by
French physicians showed an intubation success rate of
99.1% (43). The majority of the general trauma patients and
TBI patients had sedation (including ketamine, etomidate,
midazolam, or propofol). In contrast, a new study of para-
medic success in a large U.S. city demonstrated only 88%
success rate with 9% esophageal intubation (44). Once an
airway has been maintained or established, attention
moves toward ventilatory management, or breathing.

Breathing
In the awake, cooperative, spontaneously breathing patient
with a stable airway, little needs to be done beyond the appli-
cation of oxygen by facemask, followed by continuous moni-
toring of airway and ventilation. Pulse oximetry is currently
the “standard of care” for measuring oxygen hemoglobin
saturation levels in prehospital patients. In the intubated
patient, ventilatory status can be further characterized by
end-tidal carbon dioxide (PETCO2) monitoring. In the nonin-
tubated, PETCO2 can be used as a qualitative measure on
ongoing ventilation only. Colorimetric, qualitative measur-
ing devices, such as those provided by Nellcor-Puritan
Bennet (Pleasanton, California, U.S.A.), allow the provider
to confirm endotracheal positioning of the tube by detecting
exhaled CO2. For situations with longer transport times,
quantitative PETCO2 monitoring allows the provider to
follow PETCO2 levels throughout the transport. Furthermore,
with proper training in interpretation of PETCO2 physiology
(including waveform morphology), one can incorporate this
data while adjusting ventilation, fluids, and drugs during
resuscitation and transport. The use of PETCO2 is most effica-
cious when intermittent arterial blood gas (ABG) samples
are available. In the near future, it is anticipated that
bedside ABG capability will be applied more widely to the
prehospital setting.

The initiation of positive pressure ventilation can
induce or exacerbate a tension pneumothorax. Identification
and management of a tension pneumothorax requires spe-
cific training. Both missed diagnosis and inadequate chest
decompression can result in morbidity and mortality from
a tension pneumothorax (28,45). Along with hemothorax
and flail chest, pneumothorax remains a significant cause
of prehospital death. In a study of 231 prehospital deaths
caused by penetrating trauma, 19% of deaths likely resulted
from an isolated lung wound causing either a tension pneu-
mothorax or hemothorax (46). Most of these cases were
assessed as being survivable if early appropriate treatment
had been employed. In blunt trauma, tension pneumothorax
is less common. Similarly, an Australian study showed that
tension pneumothorax accounted for 4% of avoidable
prehospital blunt trauma deaths following motor vehicle
accidents (47).

The extent of treatment for this condition varies based
on the local “scope of practice” (Volume 1, Chapter 25).
Needle thoracostomy is a skill that is taught to paramedics

and is the first line treatment for suspected tension pneu-
mothorax. Many systems utilizing flight nurses or prehospi-
tal physicians will place a chest tube as the initial procedure.
Whenever a needle thoracostomy has been used to decom-
press a tension pneumothorax, follow-up with a formal
tube thoracostomy is required. In one study, field use of
tube thoracostomy by physicians was shown to be highly
successful without any of the 63 patients developing
pleural infections during the course of hospitalization (48).

Circulation
Of all areas of prehospital care, circulatory management and
support for hypovolemic trauma patients is probably the
most contentious. The original ATLS guidelines rec-
ommended insertion of two large-bore cannulae and admin-
istration of sufficient IV fluid to restore circulating volume to
a normovolemic state (normally beginning with 2 L of
balanced crystalloid solution). Although systems utilizing
the field-stabilization model aim to initiate fluid resuscita-
tion before transport, very little fluid is typically given in
the prehospital phase. Indeed, in a recent study, mean pre-
hospital infusion rates ranged between 17 and 47 mL/min,
with mean prehospital total volumes infused being only
500 mL (49). The time spent on-scene initiating IV infusions
has been shown to delay transport to hospitals in some
systems, yet has been fairly negligible in others (49–53).

Controversy still exists over the quantity, type, and
timing of IV fluid administration for hypotensive trauma
patients.

A clearer understanding of the pathophysiological
mechanisms involved in hypovolemia has moved this strat-
egy toward one of limited fluid resuscitation (“delayed
resuscitation”), a concept known as “permissive hypoten-
sion.” This has resulted from both animal and clinical
studies showing that in an uncontrolled hemorrhage,
aggressive fluid resuscitation increases blood pressure, and
this increase in pressure simultaneously dilutes coagulation
factors and dislodges blood clots, combining to accelerate
the rate of blood loss (54–56). Accelerated bleeding will
necessitate further administration of IV fluids, resulting
in a dilutional coagulopathy, progressive hypothermia,
and a “vicious circle” ensues, which continues to worsen
the patient’s status. Once hemostasis has been achieved,
usually through surgical intervention, normovolemia can
be restored with fewer iatrogenic complications.

The benefits of delaying IV fluid resuscitation were first
described during World War I, when Cannon suggested that
“hemorrhage in the case of shock may not have occurred . . .
because blood pressure has been too low . . . to overcome
the obstacle offered by a clot. If pressure is raised before
the surgeon is ready, blood that is sorely needed may be
lost” (57). This lesson has been rediscovered over the past
decade, initially with animal studies and then in clinical
trials. Animal models of uncontrolled hemorrhage have
repeatedly shown that attempts to restore circulating blood
volume to “normal” (without controlling the source of bleed-
ing) results in increased mortality through accelerated blood
loss, reflecting that a strategy of “permissive hypotension”
can be an optimal management strategy preceding hemor-
rhage control. Kowalenko et al. (58) showed that aggres-
sive saline infusion increased blood loss and failed to
improve survival in swine with uncontrolled hemorrhage.
Similarly, Krausz et al. (59) found that resuscitating hypoten-
sive rats with 0.9% saline resulted in more bleeding and

Chapter 3: Prehospital Care and Trauma Systems 49



hemodynamic instability than in those with no treatment; a
policy akin to “scoop and run.”

In what is regarded to some extent as a seminal clinical
study, Bickell et al. (56) reported on 598 trauma patients
randomized to receive either delayed fluid resuscitation or
immediate fluid resuscitation prior to surgery. The group
subjected to immediate resuscitation had a statistically sig-
nificant reduced survival (63% vs. 70%) as well as a greater
complication rate from acute respiratory distress syndrome
(30% vs. 23%). The overall complication rate was lower
and hospital stay shorter in the delayed-fluid administration
group. A better outcome has also been produced by delaying
IV fluid resuscitation until operative control of bleeding
from major abdominal trauma has been achieved (60).
Several other studies have failed to show, at best, any signifi-
cant benefit from prehospital IV fluids. Cayten et al. (49)
studied the relation of prehospital fluids to outcome in 199
trauma patients, and Kaweski et al. (61) repeated the study
with 6855 trauma patients; both find no benefit from admin-
istration of prehospital IV fluids.

Computer modeling of IV fluid administration in
patients with traumatic hemorrhage concluded that IV
fluids were only of benefit if prehospital time was greater
than 30 minutes, the bleeding rate was between 25 and
100 mL/min, and the infusion rate was at least equal to the
bleeding rate (62). These three criteria are rarely met in
urban trauma environments, but may be appropriate in
rural areas with long transport times or in patients requiring
prolonged extrication (see Volume 1, Chapter 11, for further
discussion on fluid management).

Establishing IV access remains a basic and essential
skill of the prehospital provider for trauma patients. Typi-
cally placed en route in North American systems (to mini-
mize total on-scene time), IV access allows for fluid
treatment of clinically significant hypotension, medication
administration, and earlier access for transfusion upon
arrival to the hospital. Techniques utilized in the prehospital
setting include peripheral IV access, central venous access,
and intraosseus access. Paramedics are trained in peripheral
and intraosseus access, while nurses and physicians are typi-
cally trained to perform all three in the field (see Volume 1,
Chapter 10, for additional discussion of IV access for
trauma). Finally, once patients are stabilized, most trauma
units practice routine replacement of all “potentially con-
taminated” IV catheters that were placed in the field;
optimally catheter replacement occurs within 12 to 24
hours of hospital arrival (to decrease the risk of line sepsis).

COMMUNICATION OF PATIENT INFORMATION TO
THE TRAUMATEAM
Prearrival Report

All prehospital providers involved in the management of
patients with major trauma must be able to communicate

efficiently and accurately with the receiving hospital.
This allows the receiving hospital to assemble all necessary
staff and brief the trauma team with prehospital data that
will facilitate assessment and management upon patient
arrival. In some cases, it will also allow the operating room
(OR) staff to be prepared, or in the case of major multica-
sualty incidents, suspension of the elective surgery schedule
until OR requirements are known. Prehospital reports are
particularly important in incidents involving hazardous
materials, as additional measures may be necessary to
prevent contamination of the hospital and its staff.

In some systems, communication is achieved by
passing the information from the field provider to an ambu-
lance dispatch center or radio room, which then relays the
information to the receiving hospital. This has the obvious
disadvantage that the message may become accidentally
corrupted during relay, with the hospital being given
erroneous information. A more efficient route is for the infor-
mation to be given directly to the receiving hospital by the
ambulance crew. However, a systematic method of infor-
mation transmission is required to ensure that concise and
consistent data are sent and that essential information is
not omitted. Similarly, the receiving system for incoming
information must be standardized to avoid distractions
from content and to minimize situations in which no one is
listening to the report.

Long, detailed prearrival reports may take the focus
away from patient care. Thus, brief but thorough reports
are preferred. A prearrival report needs to be succinct
but complete. Formats for reporting the necessary infor-
mation are important, such as the mechanism-injuries-vital

signs-treatment (MIVT) approach, which is a concise way
of reporting the key elements to the trauma team. The
prearrival report is usually more concise than that given
on arrival at the hospital, but should include the necessary
information outlined in Table 2. This information can
usually be transmitted in the form of a several-sentence nar-
rative. Additionally, the estimated time to arrival should be
given. The person receiving the information should then
read it back to ensure correct reception of the information.

The ambulance radio system is often used to transmit
information, but requires the receiving hospital operator to
be familiar with radio procedures and the use of the equip-
ment. With improving coverage of mobile telephone net-
works, cellular technology is often an alternative route for
transmitting information. Analog radio and mobile telephones

Table 2 Prehospital Report: Mechanism–Injuries–Vital Signs–

Treatment Format

MIVT report

category Decision-making elements

(M) Mechanism How did injury occur?

Presence of drugs or alcohol

Deaths at scene

Confounding issues

(I) Injuries Primary survey

Glasgow Coma Scale

Level of consciousness

(V) Vital signs Heart rate

Blood pressure

Respiratory rate

Oxygen saturation

Temperature (if applicable)

(T) Treatment Airway (airway management)

Breathing (oxygen administration,

needle or tube thoracostomy)

Circulation (intravenous access

established and fluids administered)

Disability—neurologic (spine

precautions)

Extra information (medications

administered, procedures

performed)
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do not provide a secure route for the transmission of voice
data; however, newer technology offers digital encoding,
which will limit eavesdropping on conversations.

Advances in telemedicine (Volume 2, Chapter 72) now
enable transmission of physiological data to the receiving
hospital prior to arrival. Transmission of video data from
the scene is developing and is only limited by the rate of
data transmission (bandwidth) and the creativity of the
first responders and the video data engineers.

Transfer of Care and Patient Information
A comprehensive (detailed but concise) handover is

important in providing the trauma team with an understand-
ing of the time and mechanism of injury, actual or suspected
injuries, clinical condition of the patient, and treatment

given. The patient “handover” is a bit more detailed
than the prearrival “MIVT” report (Table 2), and offers the
opportunity to update the trauma team on any changes
that might have occurred since the initial report was given.
The “handover” report should be initiated by notifying the
trauma team of the approximate age and sex of the patient
even though this information is usually apparent.

Mechanism
Following the initial information, the mechanism of injury
(Volume 1, Chapter 2) and the approximate time of the
injury should be reported. An understanding of the mechan-
isms involved in creating the injury enables the trauma team
to focus on probable injuries. This is particularly true for
injuries sustained during blunt trauma, such as motor
vehicle crashes. A patient retrieved from a vehicle involved
in a frontal impact may have deceleration injuries, such as
maxillofacial trauma with cervical spine injury, or thoracic
injury, or both, such as myocardial contusion or partial
aortic disruption. A patient in a car hit from the right side
may have a pattern of right-sided chest injuries, liver
injury, and right-sided limb fractures. An estimate of the
speed of the vehicles upon impact will give some indication
of the amount of energy transferred. The use of safety
devices such as seat belts, air bags, and motorcycle helmets
are also important in determining risk for specific injuries.
Some agencies utilize digital photographs taken at the
scene of a motor vehicle crash to better illustrate this infor-
mation for the trauma team.

The time of the injury is important in assessing the rate
of deterioration of the patient. If the patient has been trapped
for several hours, but remains hemodynamically stable
without circulatory support, the tempo of the evaluation
of the patient would differ than if the patient has had
a rapid deterioration in blood pressure over 15 to 20
minutes. Prolonged scene times in colder environments are
likely to result in significant hypothermia, so it is important
to describe environmental conditions and the duration of
exposure (63).

Injuries
Although it is not possible to conduct a complete evaluation
of the patient in the field, details of suspected injuries will
enable the trauma team to focus on appropriate manage-
ment. The prehospital provider should complete a primary
survey and report positive findings. Included in this
portion of the report would be a comment on the status of
the airway, thoracic and abdominal examination, spinal
issues, obvious extremity deformities, and GCS.

Vital Signs
The vital signs are reported and should include the heart
rate, blood pressure, respiratory rate, pulse oximetry
readings and GCS score. Temperature should always be
reported, especially when there is prolonged environmental
exposure in a cold (or hot) location. This will enable the
trauma team to more readily prepare a variety of warming
(or cooling) measures for use immediately on the patient’s
arrival.

Treatment
Details of treatment given prior to arrival at the hospital
help convey the clinical condition of the patient, and
details of pharmacological therapy administered allows for
more appropriate selection of subsequent drug therapy.
A description of the treatment priorities (ABCDEs) in the
prehospital phase was provided earlier (Table 1). Other
patient details, including allergies, current medications,
past medical history, and time of last oral intake should
also be transmitted if known.

TRAUMA CENTER ANDTRAUMA SYSTEM CONCEPTS
Background
The recognition by the U.S. National Academy of Sciences
(64) that severe trauma constituted “the neglected disease
of modern society” during the mid-1960s initiated the
process of integrated trauma systems that continues to
evolve today. The American College of Surgeons (ACS) con-
sidered trauma as a “surgical disease,” and the first edition
of their guidelines published in 1976 focussed on establish-
ing the optimal hospital resources for treatment of severely
injured patients. The initial classification of hospitals as
trauma centers of differing levels, according to the available
resources, was first defined in this publication. Since then,
the focus has shifted toward integrating the various levels of
trauma centers into a coordinated system of care. The more
recent ACS guidelines for care of the injured patient: Resources
for Optimal Care in Injured Patients reflects this emphasis (65).

Defining Trauma Centers and Systems
The “trauma system” is a network of definitive care facilities
providing the complete “spectrum of care” for all injured
patients. The ideal trauma system takes care of every
injured patient and contains all components including: pre-
vention, prehospital care, acute care, surgery, intensive
care, and rehabilitation. The goal of the trauma system
is to match the needs of an injured patient to the resources
of the available facilities so that optimal and cost-effective

care is achieved.
The ACS-Committee on Trauma (COT) defined

trauma-center classifications from levels I–IV, based upon
the degree of available resources (Table 3). Furthermore, a
system for enabling continuous performance improvements
(including trauma registry and audit of morbidity and
mortality) as well as continuing education, research, and
prevention programs are all considered necessary. The
ACS-COT Trauma System designations are classified in a

system that is numerically the opposite of the “levels or
“echelons” of care used by the U.S. military (and other
NATO countries). Indeed, the ACS-COT Trauma System
designation signifies level I centers as those with the
highest capabilities and the greatest level of resources. The
military levels of care (previously referred to as echelons),
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however, designate level I (no surgical capability) care as the
most rudimentary and level V as the highest level of care
possessing the greatest resources (see Volume 1, Chapter 5,
for further discussion of the levels of care).

The level-I trauma center is a regional resource,
serving as a tertiary care facility and having the capability

of providing total care for every aspect of injury, from
prevention to rehabilitation. A list of the resources that

Table 3 Trauma Center Level Designations, Role Within Trauma System, Staffing and Volume Requirements, and Contrast with U.S.

Military “Levels of Care”

Category Relative designation (more resources available to the right)

ACS-COT

Trauma

Center

Level V Level IV Level III Level II Level I

Role within a

coordinated

trauma

system

Not formally

recognized by

the ACSa

Provides ATLSw

(resusc. and

stabilization) then

transfer to nearest

appropriate-level

trauma center

Provides prompt

assessment,

resusc.,

emergency

surgery, and

stabilization with

transfer to a level

I or II as

appropriate

Initial management

capabilities

generally similar

to level I, but

often located in

less population-

dense locations

Regional resource. Full

capability of

management from

prevention to rehab.,

including research

Immediate

24 hrs staffing

requirements

None No specific in-house

MD req.

In-house nurses

and resuscitation

equipment

Trauma

surgeon and

anesthesiologist

must be

avail �20 min.

No req. for

neurosurgical

coverage

In-house nurses and

resuscitation

equipment

Trauma surgeons

and neurosur-

geons can be out

of house but

avail. �20 min.

Anesthesiolo-

gists “must be in

the OR by the

time the patient

arrives”

In-house nurses and

resuscitation

equipment

In-house trauma

surgeons,

anesthesiologists,

and physician

specialists (e.g.,

neurosurgeons,

and orthopedic

surgeons), nurses,

and resuscitation

equipment.

Includes pediatric

cases

Volume and

experience

requirements

None None None Same criteria as

level I except

volume standards

and research are

not required

1200 admissions a year

or 240 major trauma

patients per year, or

an average of 35

major trauma

patients per surgeon

U.S. military

Level of

Careb

I II III IV V

U.S. military

examples

Buddy aide,

self-aid

FST MFST CRTS CSH EMEDSþ 25

Fleet Hospital

Landstuhl Army

Regional

Medical Center,

Germany

Walter Reed Brooke

Army

Resources Minimal Limited surgical and

medical capabili-

ties (100%

mobile)

Highest level of

care available

within the

combat zone

Definitive surgical

and medical

services outside

the combat zone,

but is in

communication

zone of the TO

Ultimate treatment

capability for

patients generated

within the TO.

Provides maximum

return to function

Surgical

capability

None Emergency surgery

only

Surgery and

critical care

capabilities

Full range, but

limited stay until

can transport

Full range, available

24 hrs a day

aSome states use the Level-V Trauma Center designation to further categorize hospitals providing life support only prior to transfer.
b“Level of Care” was previously referred to as “Echelons of Care” by NATO countries.

Abbreviations: ACS-COT, American College of Surgeons-Committee on Trauma; ATLSw, Advanced Trauma Life Supportw; CRTS, casualty receiving and

treatment ships (Navy); CSH, combat support hospital (U.S. Army and Marines); EMEDSþ 25, expeditionary medical support (25 bed version—U.S. Air

Force); Fleet Hospital, 500-beds (80 ICU beds), 6 ORs (U.S. Navy); FST, forward surgical team (U.S. Army); MD, medical doctor; MFST, mobile field surgi-

cal team (U.S. Air Force); Rehab., rehabilitation; Resusc., resuscitation; req., requirement; equip, equipment; TO, theater of operations.
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are required to be available at level-I trauma center are sum-
marized in Table 4. Generally, level-I trauma centers serve
large cities or densely populated areas and are expected to
manage a large number of injured patients with a
minimum severity of injury. According to the most recent
guidelines, they are expected to admit at least 1200 trauma
patients yearly; or 240 patients per year with an ISS of
greater than 15; or an average of 35 patients with ISS
greater than 15 per surgeon per year (65).

These requirements concerning volume as well as
some components of research productivity, publications,
and community outreach separate the level I center from
the level II center. Level II centers are most often placed in
less densely populated areas. The trauma centers located
within a specific region work together to optimize the care,
depending upon the clinical capabilities and the needs of
the patients. The specific interactions vary by state and by
counties within the state.

The level-III trauma centers are capable of providing
resuscitation, emergency operations, and stabilization.
Transfer agreements with higher-level trauma centers facili-
tate specialized and definitive care of the most severely
injured. Level-III trauma centers are usually located in
rural areas. Level-IV trauma centers are generally located

in remote areas and provide initial advanced life support
and arrange for transport to higher-level centers for further
care. The ACS-COT does not recognize the designation
level-V trauma center, but some states use this terminology
to further designate hospitals that provide “initial resuscita-
tion only” prior to transport to higher-level facilities.

Within the trauma regions, the trauma centers of
different levels ideally form a network ensuring that the
patients receive optimal treatment in the most resource-
effective way. Additionally, cooperation is expected
between the centers, and the development of formal “trans-
fer agreements,” describing all of the legal, economic, and
medical aspects of the relationship are encouraged. Ideally,
the entire trauma system in a region or state should be
designed on the basis of need and existing resources, with
all affected parties involved in the planning, development,
and implementation. Furthermore, the governing nation
should have medical-necessity transit agreements between
states and neighboring countries to avoid treatment delays.

A prerequisite for the trauma system with centers of
different levels is appropriate triage. Triage criteria defining
specifically those patients that should primarily be trans-
ferred to a level-I trauma center are included in the ACS-
COT guidelines. Triage criteria can be defined according to

Table 4 American College of Surgeons Required Available Resources for Level I Trauma Center

Requirement Details and comments

24-hr in-house availability of

attendings

Surgeon attending (PGY four or five residents may begin resuscitation while awaiting attending,

but is not considered replacement of attending surgeons)

Anesthesiologist attending (chief residents or CRNAs may be used to provide emergency airway

management and initiate surgical anesthesia, but the anesthesiologist attending must be

available at all times and present for all operations)

Emergency medicine attending (only if emergency medicine specialists are involved with the care

of trauma patients)

Immediate availability (24 hr/
day) of surgical sub-specialists

and critical care

Neurosurgery (dedicated to one hospital or have back-up system)

Orthopedic surgery (dedicated to one hospital or have back-up system)

Microvascular/replant surgery

Others (critical care medicine, cardiac surgery, hand surgery, plastic surgery, oral/max-face,

ophthalmology, thoracic surgery, OB/gyn) must be available for call-in 24 hrs a day:

Specific patient care areas and

services must be designated

“available 24 hr/day”

OR

PACU

ICU

Resuscitation suite (adjoining trauma ICU, or ED)

Radiological services (must be available 24 hrs/day, Attending must review all preliminary films

and report final findings within 24 hrs)

Clinical laboratory services

Respiratory therapy

Acute hemodialysis

Burn care (in-house or transfer agreement)

Acute spinal care management (in-house or transfer agreement)

Other services required (on less

urgent basis)

Rehabilitation services

Morbidity and mortality review

Prehospital trauma care review

Transfer review (times and reasons)

Trauma bypass review (times and reasons)

Trauma multidisciplinary review

Research

Injury control studies

Prevention programs and monitoring

Abbreviations: ACS, American College of Surgeons; CRNAs, certified registered nurse anesthetists; ED, emergency department; ICU, intensive care unit;

OB/gyn, obstetrics and gynecology; OR, operating room; PACU, post anesthesia care unit.
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local needs, although the essential issue is that they have
been defined, accepted, and implemented (see Volume 1,
Chapter 4). Previous work has commented that only a
small percentage of all injuries are significant enough to
justify triage to the higher level trauma centers; thus, triage
is critical in balancing patient flow within a busy system (66).

Effectiveness of Trauma Centers and Trauma Systems
Many studies have been published purporting the success of
trauma systems in reducing preventable death (67–71).
However, much of the research is retrospective in nature,
and does not control for potential confounding factors. The
ACS-COT sought to use evidence-based scientific methods
to support their recommendations for trauma centers and
the components for trauma systems; however, the quality
research they sought is challenging, if not impossible to
produce, and is thus lacking. In recognition of the problem
of evaluating trauma systems with an evidence-based
approach, the Skamania Symposium (72) was held in 1998
to critically evaluate the effectiveness of trauma systems.
The literature in the review was limited to English language
and to trauma systems in the United States and Canada.

The research within trauma systems is based upon: (i)
panel studies, (ii) comparisons of registries from trauma
centers, and (iii) population-based research. In the systema-
tic review, a total of 12, 11, and 17 of these study types were
included, respectively. The panel studies were classified as
class III evidence, but provided some support for designated
trauma centers being more effective in terms of fewer
preventable deaths among the seriously injured and less
inappropriate care (73,74). The research on trauma registry
comparisons founded on TRISS-scoring showed that there
was a 15% to 20% reduction in the risk of death comparing
trauma system outcomes to the MTOS (75). A population-
based studies likewise found a 15% to 20% improved survi-
val among seriously injured patients with the implemen-
tation of a trauma system (76). Finally, a recent study
published in the New England Journal of Medicine has
added further evidence to the impact of centralization to
patient outcome (77).

The primary indicator measured in the existing
trauma center studies was hospital death. Future research
should include measurements of the total “spectrum of
care,” from prehospital to rehabilitation and include
measurements other than mortality, such as morbidity and
long-term quality of life. Overall, there is a large body of
research reporting decreased mortality with the implemen-
tation and utilization of trauma systems, but more rigorous
research is still needed in this arena.

EYE TO THE FUTURE

Prehospital care is in its relative infancy compared with

other fields of medicine. Indeed, prior to the 1960s, few
cities had organized EMS services. Regions with less
structured and organized systems have the greatest potential
for improving arrival and transport times of the injured
patient. More organized systems need to investigate how
further reducing their transport times, (and at what
additional costs) most optimizes patient care.

Access to well-organized dispatch system is essential
to the appropriate and effective use of EMS-resources in
order to dispatch the necessary and appropriate resources
to the right patient. Trauma triage criteria and transport

destination indications are diverse from system to system,
without much data to support decisions regarding selection
of specific criteria. Research is needed in this area
to determine the best use of prehospital resources, while
maintaining optimal patient care, and not presenting a
community with an unjustifiable economic burden.

Communication between the field providers and the
“in-hospital” trauma teams is expected to improve with the
use of emerging telecommunication technology for monitor-
ing, medical oversight, and (potentially) triage decisions.
These technologies can also serve to visually prepare the
trauma team for the patient’s arrival with digital images
of the scene, the patient, and the relevant vital sign
data during transport. Research will also be required to
ensure that this expensive equipment is used optimally to
improve patient care rather than to merely create more time-
consuming activities at the scene (see Volume 2, Chapter 72).

Optimal management of severely injured patients,
both in and out of the hospital, continues to evolve. Only
in recent times has prehospital airway management in
many systems progressed from primarily nasal intubations
to the use of rapid sequence intubation (RSI) and, more
recently, veered away from aggressive hyperventilation of
intubated prehospital patients with acute head injuries
(78–80). Some areas for future consideration involve the
development of algorithms for field intubations that
include airway options traditionally available only in the
hospital [e.g., fiberoptic intubation (FOB) of a patient
trapped in a motor vehicle wreck without adequate access
for conventional intubation, etc.]. Questions to ponder
include: (i) Should specialized “intubation teams” be estab-
lished to manage airways, using advanced techniques like
FOB for spinal cord injured and obese patients? (ii) Should
the pendulum swing from “deliberate hyperventilation” all
the way to “permissive hypercapnea” in a subset of
injured patients without TBI?

While the debate on the benefits and detriments of pre-
hospital fluid resuscitation continues (42,81–83), additional
prospective RCTs evaluating alternative fluid therapies
(such as hypertonic saline or artificial blood products) will
generate data to better answer questions regarding the
optimum type, quantity, and timing of prehospital fluid
administration.

The administration of steroids for spinal cord injury
victims in the prehospital setting has been used in some
systems for years. However, given recent debate by neuro-
surgeons as to whether this represents the optimal treat-
ment, the appropriate dosing, or if there are significant
complications that arise from their use, the debate has
evolved to include the prehospital arena (83–87). Future
work in this area will determine whether systems already
utilizing steroids in the field will continue, while other
studies will determine if other drugs should be initiated in
the prehospital setting. The future in prehospital manage-
ment of trauma victims will also depend upon prospective
RCTs evaluating the optimum forms of cardiovascular
support. As the management of trauma patients has so
many involved components, large multicenter trials will be
required to better define outcomes.

International and evidence-based guidelines need to
be investigated and published within trauma care as they
successfully have been within advanced cardiac life support
in an international cooperation.

Prehospital providers have also been actively involved
with injury prevention and will continue to work in this area.
From seatbelts and airbags to helmet laws and firearm safety
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locks, injury prevention has always been a banner carried by
prehospital providers (89–92). Injury prevention with well-
designed trials to measure impact, in addition to prospective
RCTs to evaluate management strategies in prehospital
trauma care, constitutes a continued challenge. This is a
rapidly changing area of care.

One major obstacle to prehospital data generation
has been the lack of active involvement of physicians in
the field in many locations. The dearth of clinically experi-
enced principal investigators and the consequent difficulty
in instituting carefully controlled trials has hampered pre-
hospital research efforts. Another example of this problem
is the inability to institute protocols calling for prehospital
drug administration, requiring the participation (or physical
presence) of a physician. Therapeutic advances and some
research results have already probably been impacted, and
potentially led to erroneous conclusions. For example,
therapy for spinal cord injury and TBI may only provide
benefit if applied within a therapeutic window that involves
the prehospital time period (e.g., steroids, antioxidants,
hypothermia, etc.).

SUMMARY

Although executed using a number of various approaches,
all prehospital systems worldwide set out to extricate,
initiate treatment, and rapidly transport the critically
injured patient to a trauma center. “Scoop and run” and
“field stabilization” represent extremes of prehospital man-
agement strategies for major trauma. Understanding the
optimal approach has been clouded by studies supporting
both strategies and is undermined by sociopolitical issues,
such as the structure of the medical profession and protec-
tionist strategies imposed by some labor unions. In reality,
a balance between “scoop and run” and “field stabilization”
must be determined for a given region based on transport
distances, prehospital resources, and mechanisms of injury.
For some regions, increased utilization of advanced pro-
cedures may be more appropriate, particularly based on
the area’s predominant mechanisms of injury, long transport
times to a trauma center, and when there is a high training
level of the EMS providers. Whether procedures are done
at the scene or en route are also best determined by local con-
ditions, transport modality, and provider capabilities.

Major trauma constitutes a spectrum of pathophysiol-
ogy. Many patients who are unconscious, and particularly
patients with head injury, are at risk for increased morbidity
or mortality from hypoxia caused by airway obstruction.
Impaired ventilation caused by tension pneumothorax is
also a condition that requires immediate correction upon
diagnosis. Patients whose injuries result in hemorrhage,
more common in penetrating trauma, appear not to benefit
from attempts to stabilize the circulation in the field.
Initiation of vascular access prior to transport increases
scene time; the role of IV fluids, (although controversial),
may be detrimental to some patients through pressure-
related augmentation of bleeding, clot disruption, hypother-
mia, and dilutional coagulopathy. These patients are best
treated by a policy more akin to “scoop and run,” since sur-
gical hemostasis is the critical intervention, with time being
of the essence. In general, if unstable, the patient’s airway
and breathing must be secured on-scene, and control of the
circulation can be initiated en route with definitive treatment
occurring at the trauma hospital.

Communication between the prehospital care provi-
ders and the trauma teams, (both on-line and off-line) are
paramount to strengthening the trauma system. The provi-
ders must be able to communicate succinctly and completely
with the trauma team, both in the field prearrival (MIVT)
report and during patient turnover, so that critical elements
of information are transferred.

Improvements in training prehospital providers
continues to be a priority. Just as ATLS is taught around
the world, prehospital trauma life supportw (PHTLSw) is
beginning to be taught globally as well. Although first
taught in 1983, the handbook for PHTLS is now in its
fifth edition (93), and stresses early recognition of life-threa-
tening conditions in the field, application of key field inter-
ventions, and prompt transport to the closest appropriate
facility (94).

The future of prehospital trauma care will follow the
paths created by evidence-based research. Airway manage-
ment, volume resuscitation, and medication treatment strat-
egies are likely to evolve based on both laboratory and
in-hospital clinical research and then be validated in prehos-
pital trials. Even changes in system design, to improve
arrival and transport times of patients, will require study
and validation before finances are allotted for changing con-
figurations. Prehospital treatment of the trauma patient is a
rapidly evolving field and will probably change significantly
over the next decade compared with the systems currently in
place (94).

KEY POINTS

Medical oversight of prehospital care runs the gamut
from required physician presence at the scene, to
protocols requiring real-time physician input through
telecommunication, to merely retrospective involve-
ment (e.g., follow-up quality assurance performance
reviews).
Prehospital levels of staffing, whether using parame-
dics or physicians, are dictated by local need and finan-
cial feasibility.
Prehospital care must be integrated closely into the
regional trauma system.
A balance between “scoop and run” and “field stabiliz-
ation” must be determined for a given region, based
upon transport distances, prehospital resources, and
mechanisms of injury (blunt vs. penetrating trauma).
Proponents of “scoop and run” argue that prehospital
treatment prolongs the time to definitive treatment.
Proponents of field stabilization cite data showing that
prehospital airway obstruction is common, and many
patients with “survivable” injuries died due to
obstructed airways.
Airway obstruction continues to be a major contribu-
tory factor in prehospital deaths.
Airway management is particularly critical following
TBI, cervical spine, or thoracic trauma and takes pre-
cedence over immediate transport unless it can be per-
formed easily en route.
Controversy still exists over the quantity, type, and
timing of IV fluid administration for hypotensive
trauma patients.
All prehospital providers involved in the management of
patients with major trauma must be able to communicate
efficiently and accurately with the receiving hospital.
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A prearrival report needs to be succinct but complete.
Formats for reporting the necessary information are
important, such as the mechanism-injuries-vital signs-
treatment (MIVT) approach, which is a concise way of
reporting the key elements to the trauma team.
A comprehensive (detailed but concise) handover is
important in providing the trauma team with an under-
standing of the time and mechanism of injury, actual or
suspected injuries, clinical condition of the patient, and
treatment given.
The goal of the trauma system is to match the needs of
an injured patient to the resources of the available facili-
ties so that optimal and cost-effective care is achieved.
The ACS-COT Trauma System designations are classi-
fied in a system that is numerically the opposite of
the “levels or “echelons” of care used by the U.S. mili-
tary (and other NATO countries).
The level-I trauma center is a regional resource, serving
as a tertiary care facility and having the capability of
providing total care for every aspect of injury, from pre-
vention to rehabilitation.
Prehospital care is in its relative infancy compared with
other fields of medicine. Indeed, prior to the 1960s, few
cities had organized EMS services.
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INTRODUCTION

In acute diseases it is not quite safe to prognosticate either
death or recovery.

—Hippocrates

Despite the above admonishment from Hippocrates,
traumatologists have been developing scoring and triage
methodologies for several decades. Indeed, quantifying
severity of injury and optimizing triage decisions are inte-
gral to ensuring that the highest level of care is provided
for the greatest number of patients. Scoring systems have
been developed to describe the severity of injuries, as well
as the general underlying condition. The purpose of triage
is to sort the acutely injured by priority for treatment and
transport and to make best use of available resources.

Trauma scoring and triage methodologies are based on
statistical probabilities of survival. However, these systems
have significant limitations when applied to the individual
patient. The chosen methods of scoring and triage, combined
with the abilities and experiences of the rescue personnel,
and the capabilities of the trauma system itself, impact ulti-
mate patient survival and outcome. Data are now being com-
piled in various trauma registries with the overall goal of
categorizing the outcome for patients with similar degrees
of injury. This data can then serve to benchmark the
quality of care provided to patients with similar degrees of
injury or illness.

The first five sections in this chapter review the current
and most frequently applied methodologies of trauma
scoring, including their practical application as quality
assessment tools, and the use of various scoring systems in
trauma registries. The second half of this chapter focuses
on triage including definitions, applications, and limitations.
Special situations where triage is most important are also
specifically described. The chapter concludes with a brief
review of future developments anticipated to occur in the
fields of trauma scoring and triage.

TRAUMA SCORING DEFINITION AND CATEGORIZATION

Trauma scoring was introduced just over 30 years ago, when
the automobile insurance industry and trauma physicians
simultaneously created methods of assigning numeric
values to describe the anatomical, physiological, and other
consequences of injury. The aim of both groups was to
reduce morbidity and mortality through the process of
quality improvement. Trauma scoring is a useful tool
for: (i) triage and prehospital treatment, (ii) documentation
using common terminology, (iii) injury severity description,
(iv) quality of care and patient outcome evaluation,

(v) trauma system evaluation and comparison, (vi) trauma
epidemiology, research, and funding.

A model is created when a trauma score is used to
predict or correlate with an outcome measure. Models
enable predictions and comparisons between patient
groups or trauma systems (1). A simple scoring is adequate
for urgent triage-level decision-making. However, the
complex consequences of trauma are best described using
scoring systems and prediction models combining anatom-
ical and physiological parameters, along with age and
comorbidity. Statistical models must be employed to
enable data comparison.

Some of the numerous scoring systems that have
evolved over the past 30 years are summarized in Table 1.
Numerical values derived from trauma scores range from a
few direct physiological parameters to multiple statistically
calculated values—and must be applied accordingly (1).

Numerous well-functioning scoring systems are in use
regionally around the world. However, a universal scoring
and triage system has yet to be endorsed by all jurisdictions.
Most currently employed systems score on the basis of ana-
tomical injury, physiological impairment, or combinations
thereof.

Anatomical injury scoring is characterized as a static
summary of injuries based on clinical, radiological, and
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surgical or postmortem descriptions of trauma involving
various anatomical structures (e.g., cervical spine fracture,
ruptured spleen, and aortic tear). Such systems are
useful for classifying and quantifying the injury severity
for epidemiological research and can be obtained retrospec-
tively. Anatomical scoring is less useful than physio-
logical data for triage decisions; it is more predictive
when used in combination with physiological parameters
for quantifying outcomes. The most frequently used
anatomical scoring systems are the abbreviated injury scale
(AIS), injury severity score (ISS), new injury severity score
(NISS), and the anatomical profile (AP) (Table 1) (1).

Physiological impairment scores describe the acute
dynamic physiological reserve in response to injury. These
are measured through vital signs and levels of conscious-
ness. The Glasgow Coma Scale (GCS), trauma score (TS),
and revised trauma score (RTS) are the most commonly
employed scales of measurements (1,2).

Combined scoring systems are mainly used for
“outcome predictions” in trauma patients. The quantified
physiological and anatomical data of the individual patient
are used to calculate survival probability. Based on these
probabilities, trauma scores, age, comorbidity, and other
selected parameters reflect the patient outcome. The
purpose of these assessment tools is the accurate prediction
of patient survival and functional recovery. The major appli-
cation of these predictive scores is in the realm of quality
improvement.

FREQUENTLY USED SCORING SYSTEMS
Glasgow Coma Scale
The GCS is among the most well-known and established
scoring systems used in trauma and evaluates the patient by
ranking their ability to open their eyes, move their extremities,
and vocalize. The GCS was first introduced in 1974 by Teasdale
and Jennett (2) as a clinical aid to assess patients with impaired
consciousness or coma, and is utilized as a neurological per-
formance scale for both trauma and nontrauma neurological
conditions. The GCS correlates with clinical outcome

when used in isolation, as well as when combined with
other physiological scoring systems (3,4).

The GCS assesses eye-opening, verbal response, and
best motor response on a scale ranging from 3 to 15
(Table 2). An entirely response-less patient will achieve a
GCS of 3, and a GCS of 15 reflects a completely normal
response. The GCS is nonparametric (e.g., 12 being twice as
good as 6) and does not incorporate brainstem reflexes (5).
However, the scores of all three elements should rise and
fall together. When there is a large discrepancy in one of
the three elements compared to the other two [e.g., the
motor score is one but the eye and voice score combined
add up to nine (the maximum achievable)], then the patient
is not comatose. Rather, the patient is likely to be affected
by another neurological process (e.g., spinal cord injury).

Scores of 13 to 15 are classified as “mild” head
injury. This initial value does not exclude some degree of

Table 1 Some Existing Trauma Scores, Scales, and Triage Acronyms

Yeara Abbreviations Names References

1970 AIS Abbreviated injury scale 14

1971 TI Trauma index 13

1974 GCS Glasgow Coma Scale 2

1974 TISS Therapeutic intervention scoring system 38

1974 ISS Injury severity score 16

1980 TI Triage index 10

1980 TRISS Trauma-injury and severity score 18

1981 TS Trauma score 10

1981 APACHE Acute physiological and chronic health

evaluation

34

1982 PGCS Pediatric GCS 29

1987 PTS Pediatric trauma score 28

1987 OIS Organ injury scale (AAST) 14

1988 PRISM Pediatric risk of mortality score 30

1989 AP Anatomical profile 26

1989 RTS Revised trauma score 11

1989 T-RTS Triage version of RTS 11

1990 ASCOT A severity characterization of trauma 43

1994 UST Uniform scoring system for trauma

(Utstein style)

48

1994 APSC Acute physiology score for children 31

1996 ICD-9-CM ICD-9 clinical modification based on AIS

and ISS

43

1996 TOXALSTM Toxic Advanced Life SupportTM 93

1997 NISS New ISS 25

2001 ASPTS Age-specific pediatric trauma score 34

2002 PAAT Pediatric age-adjusted TRISS 40

2003 START Simple triage and rapid treatment 91

2003 JUMP-START Pediatric version of START 92

aYear listed is the initial year the scoring system was published; most have been updated from time to time.

Abbreviations: AAST, American Association for the Surgery of Trauma; ICD-9, International Classification of

Disease, ninth revision.
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parenchymal lesions or the need for further clinical evalu-
ation, especially in elderly patients or those with coagulopa-
thy or small lesions near vital regions of the brain that
may develop (6). GCS 9 to 12 is “moderate” head injury,
and a scale �8 is considered “severe” head injury
(Volume 1, Chapter 23, and Volume 2, Chapter 12). The
GCS is simple, predictive, and easy to use. Some studies
have shown a significant inter-rater variability, adversely
affecting both clinical evaluation and reliability (7,8).
However, variability in GCS invariably results from impro-
per training of the examiner. When properly trained, the
GCS interobserver variability is essentially eliminated.

A modification of the GCS is often employed to
describe the intubated, sedated, and paralyzed patient.
Many investigators would score these patients as “3-T”
(“T” designating “tube”), thereby assigning a subjective
clinical assessment of the patient’s “verbal” ability, based
upon the eye and motor scores—a practice that can affect
treatment (9). This convention is acceptable, provided that
the patient has a combined nonverbal score of seven or
less. However, if the patient has a GCS of eight or more in
the eye-opening and motor components, the clinician
should determine if the patient is able to point at words or
write out answers using a clipboard or eraser board. Patients
designated as 10-T typically demonstrate orientation and
verbal abilities equivalent to a GCS ¼ 15. Accordingly,
these patients should not be reported as 10-T or 11-T, but
rather as awake, alert, and following commands. Indeed,
these patients can often write out the answers to questions
relating to person, place, and time.

Pediatric evaluations are difficult on account of the
unwillingness of young children to cooperate with strangers,
and age-related developmental limitations of their verbal and
motor response. A pediatric adaptation of the GCS is shown
in this chapter and is further discussed in Volume 2, Chapter 15.

Trauma Score and Revised Trauma Score
Champion et al. (10) developed the TS in 1981 as a modifi-
cation of the trauma index, first described in 1980. They
found that a combination of five physiological parameters
(eye-opening, verbal response, motor response, capillary
refill, and respiratory response) showed a good correlation
with mortality resulting from blunt trauma. Systolic blood
pressure (SBP) and respiratory rate (RR) were added and

the TS was created as a reliable tool for both field triage
and patient outcome determinations. It indicates the severity
of injury through physiological response as a numerical
assessment of cerebral and cardiopulmonary system function.
TS is limited because of the difficulty in assessing capillary
refill and respiratory response under prehospital conditions.

In 1989, Champion (11) developed the RTS to eliminate
the shortcomings of the TS. The RTS uses three of the
physiological parameters from the TS (GCS, SBP, and RR)
for triage and outcome. Ranges are specified and assigned
a coded value (Table 3). The triage version, T-RTS, is the
sum of the three coded values between 0 and 12. A
T-RTS , 11 (or any coded value ,4) indicates the need for
triage to a trauma center.

The RTS is a good outcome predictor when the coded
values are multiplied by weighted coefficients (derived from
the Major Trauma Outcome Study), according to the follow-
ing equation:

RTS ¼ 0:9368 GCScþ 0:7326 SBPcþ 0:2908 RRc

The coefficient values assigned reflect the ability of each par-
ameter to affect the outcome, with the highest assigned
weight given to the GCS, which indicates that head injuries
impact the outcome more than the initial SBP or RR. The RTS
values range from 0 to 7.8408, with a higher value indicating
increased probability of survival (Ps) (Table 4).

The RTS is limited by exclusion of age and other comor-
bidities; both factors affect the outcome and could potentially
affect triage (12). The TS and the RTS are simple to use,

Table 2 Glasgow Coma Scale

Behavior Best response Score

Eye opening Spontaneous E4

To verbal command E3

To pain E2

None E1

Motor response Follows commands M6

Localizes M5

Withdraws M4

Abnormal flexion M3

Abnormal extension M2

None M1

Verbal response Oriented � 2 þ V5

Confused conversation V4

Inappropriate words V3

Incomprehensible sounds V2

None V1

Source: From Ref. 2.

Table 3 Revised Trauma Score

GCS SBP RR RTS coded value

13–15 .89 10–29 4

9–12 76–89 .29 3

6–8 50–75 6–9 2

4–5 1–49 1–5 1

3 0 0 0

Note: Aggregate score ,11 or any coded value ,4 indicates need to triage

to a trauma center.

Abbreviations: GCS, Glasgow Coma Scale; RR, respiratory rate; RTS,

revised trauma score; SBP, systolic blood pressure.

Source: From Ref. 11.

Table 4 Patient Survival Probability

According to the Integer Values of the

Revised Trauma Score

RTS Ps

7.84 0.988

7 0.969

6 0.919

5 0.807

4 0.605

3 0.361

2 0.172

1 0.071

0 0.027

Abbreviations: Ps, probability of survival; RTS,

revised trauma score.

Source: From Ref. 11.
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accurate, and have been incorporated into the trauma score-
injury severity score (TRISS) methodology (described in
detail later in this chapter). These scores are widely used as
the predominant physiological scoring parameters.

In 1971, Kirkpatrick (13) devised a scoring system
called the “trauma index” (TI) that incorporated physiologi-
cal and anatomical data. Although the TI was found to be
predictive, it has not been as widely used as the others (13).

Organ Injury Scale
The Organ Injury Scale (OIS) was developed by the Ameri-
can Association for the Surgery of Trauma (AAST) in 1987
(14). Don Trunkey was the President of the AAST that year
and the principal individual in charge of devising the OIS
to facilitate clinical research. The resultant classification
scheme is fundamentally an anatomical description, scaled
from one to six, with one representing the least severe
injury, five the most severe that is salvageable, and six, non-
salvageable (in the case of a liver injury, also essentially
lethal) (14). The first version covered liver, spleen, and
kidney injuries. Since 1987, several revisions have occurred
and other organs added. Currently, there are OIS character-
izations for lung, heart, chest wall, diaphragm, abdomen,
blood vessels, ureter, bladder, and urethra, in addition to
the original three organs. These OIS schemes continue to
be updated periodically for each organ.

Abbreviated Injury Scale
The AIS is an anatomically based global scoring system that
classifies each injury in various body regions according to its
relative importance on a six-point ordinal scale (15). It is not
defined by physiological change, except for limited clarifica-
tion purposes. The AIS was initially developed in 1969 as a
uniform tool to quantify blunt injuries sustained in motor
vehicle accidents by a consortium of the American Associ-
ation of Automotive Medicine, American Medical Associ-
ation, and the Society of Automotive Engineers (15).

The AIS has since expanded considerably and is
revised and updated every 5 to 10 years. There are over
2000 injury descriptions in the latest 1998 version (AIS-95),
which includes clarifications and the OIS (described
earlier) that was developed to facilitate wider application
in clinical research. An updated AIS-2005 is expected to be
released in late 2006. The AIS scores have been mapped to
the International Classification of Disease (ICD) codes. The
most widely used ICD version is the 9th edition. When the
ICD-9 codes are clinically modified by adding the AIS,
they are referred to as ICD-9-CM injury codes. ICD-10 is cur-
rently being modified for AIS designations and is currently
available in some jurisdictions.

Each injury is assigned a score from one to six (Table 5).
The AIS score is based on the injury’s anatomical site, type of
injury and severity, and represents the “threat to life” associ-
ation with the injury. It does not indicate outcome or include
other parameters, and is exclusively descriptive.

The purposes of AIS are to (i) describe the injuries ana-
tomically, (ii) standardize injury terminology, (iii) rank injury
by severity, (iv) facilitate injury comparisons, (v) consider
injury, not consequence, and (vi) stay time-independent.

The AIS is the most frequently modified and used
anatomical scoring system, continuously expanding to
accommodate changing clinical demands. Its limitations
are mainly in describing physiologically based injuries and
specifying them. It cannot accurately describe all fractures
and locations (e.g., anterior, posterior, bilateral), contusions

commonly seen together in the same region (e.g., rib frac-
tures and pulmonary contusions), near-drowning, hypo-
and hyperthermia, or inhalation injuries. Scoring systems
based on AIS must also be assessed for these shortcomings.

Injury Severity Score
The ISS is an anatomical scoring system introduced by Baker
et al. (16) in 1974. It was developed as an extension of AIS, as
an ordinal summary severity score of a patient with multiple
injuries. ISS correlates with mortality, morbidity, hospital
stay, and other measures of severity. It is the most widely
accepted severity-of-injury index in use today. However,
NISS and AP described later in the chapter both outperform
the ISS in predicting survival (17).

Each injury is assigned an AIS code and classified in
one of six body regions, as follows: (i) head/neck, (ii) face,
(iii) thorax, (iv) abdomen, (v) extremities (including pelvis),
and (vi) external (15). The highest scores from the three
most severely injured regions are squared and then added
together to provide the ISS score (i.e., ISS ¼ a2

þ b2
þ c2)

(16). Any injury assigned the AIS score 6 is automatically
given the maximal score 75. ISS values are from 0 (no inju-
ries) to 75 (incompatible with life), with the higher scores
indicating increased severity. An example of ISS calculation
and expected outcomes based on the ISS encountered is
shown in Table 6.

Table 5 Abbreviated Injury Scale

AIS score Injury

1 Minor

2 Moderate

3 Serious

4 Severe

5 Critical

6 Unsurvivable

Abbreviation: AIS, abbreviated injury scale.

Source: From Ref. 15.

Table 6 An Example Injury Severity Score: Calculation for

a Patient with Multiple Injuries as Shown

Body region Injury description AIS Square top three

Head and

neck

Cerebral

contusion (severe)

4 16

Face Minor injury 1 ,not factored in.

Chest Flail chest 5 25

Pulmonary contusion 5

Abdomen Minor liver contusion 2 25

Complex spleen rupture 5

Extremity Fractured femur 3 ,not factored in.

External No injury 0 ,not factored in.

ISS: 66

Note: To calculate the injury severity score (ISS), only the highest abbre-

viated injury scale (AIS) score in each body region is used. The three

most severely injured body regions have their score squared and added

together to produce the ISS score. In this example, two major injuries

occurred in the chest (both with an AIS ¼ 5), but only one of the injuries

was used (i.e., highest AIS from each of the top three body regions. The

AIS values are derived from Table 5.

Abbreviations: AIS, abbreviated injury scale; ISS, injury severity score.
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ISS limitations are its one-dimensional representation of
the trauma patient’s wide variety of multiple injuries. Equal
(correctly evaluated) AIS scores in different body regions
can give identical ISS scores, but represent a wide variety of
injuries with vastly different outcomes. Furthermore, multiple
injuries in the same body regions are not taken into consider-
ation, because ISS uses only the highest, rather than the
overall, score from the body region (e.g., in penetrating
trauma or multiple abdominal bullet wounds) (18). Any
error in AIS scoring decreases the subsequent ISS precision
(19–21). Age and comorbidity are not taken into account,
and severe neurological trauma is underestimated (22).

ISS is nevertheless the most widely accepted severity
injury index for multiple trauma, and its value correlates
with mortality. When the ISS is �15, there is less than 10%
risk of mortality; an ISS ¼ 17 is a critical value, and
ISS . 25 increases linearly with mortality (Table 7).
Although ISS has not incorporated multiple injuries in the
same region, a modified version, the NISS, gives a more
accurate prediction by calculating the three highest AIS
scores regardless of body regions. This modified version is
easier to use (17,23–25).

Anatomical Profile
In an effort to address ISS limitations, the AP was derived in
1989 as a more accurate descriptor of multiple anatomical

injuries. The AP uses four components, A–D, representing
all body regions, as seen in Table 8. The A–C components
summarize all the serious (AIS 3–5) head, neck, thorax,
and other body regions (26). Component D injuries are less
serious (AIS , 3) and have not shown significance in mor-
tality outcome predictions, but are useful for disability
outcome assessments. The scores are combined using the
square root of the sum of the squares of the AIS scores for
all the injuries to give the AP component values as per the
AP equation:

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X

(AIS)2
q

The AP assigns a decreased value for any individual
injury as more injuries are calculated in aggregate. Patients
with untreatable injuries (AIS 6) are not evaluated in the
AP. APs improved assessment over ISS lies in its inclusion
of all severe injuries; whereas ISS only includes the most
severe injury from each body region. Patients with equal
ISS scores but dissimilar AP scores give very different
outcome predictions, whereas those with equal AP scores
generally have similar outcomes, regardless of their ISS
scores (27).

Pediatric Scoring
The pediatric trauma score (PTS) is useful and accurate

for the physiological and anatomical differences unique to
pediatric patients. Pediatric trauma patients present
specific problems related to their differences from adults in
terms of physiology and injury mechanism. They are
especially susceptible to head trauma, and often have mul-
tiple injuries that are not immediately apparent.

The PTS (Table 9), first introduced in 1987 by Tepas
et al. (28), is the most frequently used trauma scoring
system in the pediatric trauma population. The PTS can
identify critical pediatric patients more accurately than
other scoring systems because it incorporates six parameters
specific to injured children. During the initial assessment,
each parameter is evaluated and given the numeric score
þ2, þ1, or 21; accordingly, the aggregate score can range

Table 7 Injury Severity Score and Relationship with Mortality

ISS Prognosis/outcome

10 Unlikely to cause death

15 Major trauma, but mortality is less than 10%

17 Critical value

.25 Linear increase of mortality

50 50% probability of mortality

75 Nonsurvivable injury

Note: Calculation of ISS ¼ A2
þ B2

þ C2 using most severe AIS for three

most severely injured body regions (see example provided in Table 6).

Abbreviations: AIS, abbreviated injury scale; ISS, injury severity score.

Table 8 Anatomical Profile Components, Area of Injury, Abbreviated Injury Scale Severity, Injury Severity Score Body Region,

and International Classification of Disease, Ninth Revision, Clinical Modification Codes

Component Injury AIS severity ISS body region ICD-9-CM codes

A Head/brain 3–5 1 800, 801, 803, 850–854

Spinal cord 3–5 1, 3, 4 806, 950, 952, 953

B Thorax 3–5 3 807, 839.61/71, 860-862, 901

Anterior neck 3–5 1 807.5/.6, 874, 900

C Abdomen/pelvis 3–5 4 863–868, 902

Spine without cord 3 1, 3, 4 805, 839

Pelvic fracture 4–5 5 808, 839.42/.52/.69/.79

Femoral artery 4–5 5 904.0/.1

Crush above knee 4–5 5 928.00/.01, 928.8

Amputation above knee 4–5 5 897.2/.3/.6/.7

Popliteal artery 4 5 904.41

Face 1–4 2 802, 830

D All others 1–2 1–6 —

Note: The injury severity score body regions are: 1, head and neck; 2, face; 3, chest; 4, abdomen; 5, extremities (including pelvis); 6, external.

Abbreviations: AIS, abbreviated injury scale; ICD-9-CM, International Classification of Disease, ninth revision, clinical modification; ISS, injury severity

score.

Source: From Ref. 43.
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from –6 to þ12. A combined PTS � 8 indicates recommen-
dation for transfer to a trauma center. A combined PTS
9–12 represents minor trauma, PTS 6–8 is potentially life
threatening, PTS 0–5 is life threatening, and a combined
PTS , 0 is usually fatal.

The Pediatric Glasgow Coma Scale (PGCS) is identical
to the GCS, except for the verbal response category, which is
adjusted for children and infants who can be difficult to evalu-
ate due to underdeveloped language and coping skills. Similar
to the GCS, the PGCS values range between 3 and 15; and, just
as with adults, it is especially valuable to break down the
results (i.e., V, E, M) (29). The verbal scoring differences
between the PGCS and the GCS are summarized in Table 10.

The pediatric risk of mortality (PRISM) (30) and the
acute physiology score for children (APSC) (31) are the
additional commonly employed scoring systems. Although
these are used in some pediatric ICU settings, they are not
developed specifically for trauma patients.

Many pediatric trauma centers use the adult scoring
systems (RTS, ISS, TRISS, and NISS) for children in an
effort to minimize input error (i.e., data abstractors only
need to learn one system). Several studies have failed to
demonstrate any benefit of having personnel learn the
additional scoring systems (32,33). However, there remains
some disagreement as to the benefits of certain comparative
studies (e.g., RTS or ISS) in the pediatric population.

Another important pediatric weighted score is the
age-specific pediatric trauma score (ASPTS), which uses
age-specific thresholds for SBP, pulse, RR, and also utilizes
the PGCS (34). The ASPTS score predicts mortality with a
sensitivity that is similar to the RTS, but with greater speci-
ficity (34,35).

Acute Physiological and Chronic Health Evaluation
The acute physiological and chronic health evaluation
(APACHE) scores the severity of illness as a predictor of

outcome. The APACHE scoring system is the best-known
and most frequently used predictor of patient outcome in
the ICU. However, it is not designed specifically for
trauma patients. APACHE was first introduced in 1981 by
Knaus et al. (35). It was later refined to APACHE II in
1985, and an adjusted and weighted APACHE III was intro-
duced in 1991.

APACHE II includes 12 physiological variables
(including blood test results), age (starting at �44 years
old), and a chronic health score. The values with the greatest
deviation from normal within the first 24 hours are recorded.
Each of the three categories is added up, coefficients are
assigned to ICU-specified diseases and an APACHE
score between 0 and 71 is calculated, with increased scores
indicating the more severe illness. Weighted coefficients for
emergency surgery and probable outcome are included.

Although APACHE II benefits from its now 20-year-
old database, it is not very useful in trauma patients
because it lacks specific data entry points for surgical or
trauma conditions (36). Indeed, APACHE II lacks a com-
ponent to accurately assess the full extent of acute trauma-
related illness in previously healthy individuals, as
opposed to patients with more chronic conditions. The sen-
sitivity for trauma patients without a head injury has been
shown to be particularly low (37). Keen (38) developed a
therapeutic scoring system which is increased with more
severe trauma, but similar to APACHE II this system does
not have a specific trauma focus.

APACHE III is the newest iteration and has been shown
to be more accurate for characterizing critically ill patients
than APACHE II. Medical advances, expansion of diagnoses,
and more complex injury conditions are taken into account.
However, similar to APACHE I and II, this most recent
version lacks any specificity regarding the trauma patient.
Furthermore, the APACHE III has yet to be widely endorsed,
as it involves 17 physiological values, and its coefficients and
equations are not freely available (39).

Table 9 Pediatric Trauma Score

Component

Category

þ2 þ1 21

Child weight (kg) More than 20 10–20 Less than 10

Airway Normal Maintainable Nonmaintainable

Systolic blood pressure (mmHg) Greater than 90 90–50 Less than 50

Central nervous system Awake Obtunded/LOC Coma/decerebrate

Open wound None Minor Major/penetrating

Skeletal fractures None Closed fracture Open/multiple

Abbreviation: LOC, loss of consciousness.

Source: From Ref. 28.

Table 10 Comparison Between Verbal Response Criteria Used in the Glasgow Coma Scale and the

Pediatric Glasgow Coma Scale

GCS—best verbal response criteria Pediatric GCS—best verbal response criteria Score

Oriented � 2 þ Smiles, orients to sounds, follows objects, interacts V5

Confused conversation Cries but consolable, inappropriate interactions V4

Inappropriate words Inconsistently consolable, moaning V3

Incomprehensible sounds Inconsolable, agitated V2

No vocal response No vocal response V1

Abbreviation: GCS, Glasgow Coma Scale.
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QUALITYASSESSMENT SYSTEMS
Trauma Score^Injury Severity Score
The TRISS is used for outcome prediction, quality assessment,
and improvement. The TRISS methodology was developed
in 1980 as a logistical regression model to calculate survival
probability in trauma patients by using combined initial
admission ISS and RTS scores, along with the age of the patient.

The Ps is calculated as follows:

Ps ¼ 1=(1þ e�b)

The coefficient b is calculated by the following equation:

b ¼ b0 þ b1(RTS)þ b2(ISS)þ b3(age)

e ¼ 2:718282, the base of Napierian logarithms

The TRISS coefficients b0 2 b3 are weighted values derived
from the multiple trauma outcome study (MTOS) database
(Table 11) with differing values obtained for blunt and
penetrating trauma. The regression weights from the MTOS
database are as follows: GCS ¼ 0.9368, SBP ¼ 0.7326,
RR ¼ 0.2908. For patients ,15 years of age the coefficients
for blunt trauma are always used. As regards the “age
modifier,” a 5-point scale is provided in Table 12. If age is
�54, then the age modifier ¼ “0,” and if the age is .55, then
the age modifier varies between one and four (�85 years).
An illustrative example is provided in Table 12.

Charts for trauma injury group predictions were devel-
oped from the TRISS methodology as visual references to
evaluate survival probability and patient outcome. A prelimi-
nary outcome (PRE-chart) analysis can be set up as a graph
for patients from one age group, with ISS (X coordinate)
and RTS (Y coordinate). In this way patients may be plotted
as L (survivor) or D (nonsurvivor), and a diagonally descend-
ing line Ps(50) representing the survival probability ¼ 0.50,
by setting b ¼ 0 in the equation (3). Patients with unexpected
outcomes can then be visualized and systematically
reviewed, while remembering that each plot is a probability
and allowing for statistically expected deviations. The stat-
istical definitive patient outcome evaluation (DEF-chart)
allows comparison of patient survival in a group (hospital)
to a base-line norm using the z and W statistics (18).

The TRISS method predicts trauma patient out-
comes on the basis of their injuries and enables compari-
sons of patient outcomes among trauma systems while
controlling for differences in injury severity. The limit-
ations of the TRISS method relate mainly to the anatomical
component of the ISS, thus limiting injuries per body
region; and, severe neurological trauma is imperfectly
weighted, giving inaccurate predictive estimates in adult

and pediatric trauma (40). Additionally, the age parameter
has an incomplete grading range (41). Since MTOS-derived
coefficients are used in TRISS, these will be somewhat
limited by MTOS data collecting and its predictability is
lower with nonMTOS coefficients (see below description of
the MTOS) (42). Newer TRISS coefficients based on AIS-90
injury coding have been introduced. However, few studies
have as yet been based on these newer values, which
assign greater weight to penetrating trauma, and probably
increase TRISS outcome predictions.

A Severity Characterization of Trauma
Champion et al. (43) developed a scoring tool, termed “A
Severity Characterization of Trauma” (ASCOT) in 1990, in
an effort to improve TRISS methodology. In the ASCOT
scoring system, the anatomical component of the ISS was
replaced with AP to improve outcome prediction by elimi-
nating ISS shortcomings (44). ASCOT is a Ps calculation
which uses AP components (Table 8), the RTS-coded
values of GCS, RR and SBP, AIS, and patient age. ASCOT
Ps is calculated as described in Table 13.

The ASCOT Ps utilizes the A, B, and C components of
the AP. However, the AP component D was excluded; it is an
important contributor to morbidity predictions but shows no
significant contribution to mortality. The “K” variable in

Table 11 Trauma Score Injury Severity Score: Values for

Weighted Coefficients Derived from the Multiple Trauma

Outcome Study Database

Blunt Penetrating

b0 (constant) 21.2470 20.6029

b1 (RTS) 0.9544 1.1430

b2 (ISS) 20.0768 20.1516

b3 (age) 21.9052 22.6676

Abbreviations: ISS, injury severity score; RTS, revised trauma score.

Source: From Ref. 18.

Table 12 Trauma Score Injury Severity Score: Probability of

Patient Survival Example Calculation for a 45-Year-Old Blunt

Trauma Patient

ISS ¼ 42 (Table 6)

GCS: 10, SBP 85, RR 28.

RTS (coded value � weight) ¼ 3(0.9368)þ 3(0.7326)

þ 4(0.8724) ¼ 8.4978

b ¼ 21.2470þ (0.9544)(8.4978)þ (20.0768)(42)

þ (21.9052)(0) ¼ 3.6377

Ps ¼ 1/(1þ 2.7182823.6377) ¼ 0.97436

The patient’s survival probability is 97%.

Note: Age is divided into a 5-point scale (0–4): age�54 ¼ 0; age 55–64 ¼

1; age 65–74 ¼ 2; age 75–84 ¼ 3; age �85 ¼ 4.

Abbreviations: AIS, abbreviated injury scale; GCS, Glasgow Coma Scale;

ISS, injury severity score; Ps, probability of survival.

Table 13 A Severity Characterization of Trauma Probability

of Survival Calculation

Formula and parameters

Ps ¼ 1/(1þe– k)

e ¼ 2.718282, the base of Napelarian logarithm

k ¼ kcþ k1Gþ k2Sþ k3Rþ k4Aþ k5Bþ k6Cþ k7age

k ¼ weighted coefficients for blunt or penetrating trauma,

see Table 14.

G ¼ RTS-coded GCS

S ¼ RTS-coded systolic blood pressure

R ¼ RTS-coded respiratory rate

A, B, C ¼ components of the AP (AIS 3-5)

Note: Age for a severity characterization of trauma probability of survival

calculation is divided into a 5-point scale (0–4): age �54 ¼ 0; age

55–64 ¼ 1; age 65–74 ¼ 2; age 75–84 ¼ 3; age �85 ¼ 4.

Abbreviations: AP, anatomical profile; RTS, revised trauma score;

GCS, Glasgow Coma Scale; AIS, abbreviated injury scale.
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ASCOT scoring differs between blunt and penetrating
trauma (Table 14). All patients with extremely poor or very
good prognosis on arrival were excluded from the logistic
function model; AIS ¼ 6/RTS ¼ 0 and minor injuries with
AIS ¼ 1–2.

ASCOT has been compared to TRISS in numerous
studies (45–49). There have been differences of opinions
on the more accurate outcome system; ASCOT seems to be
the better predictor, but comparisons are flawed by the vari-
able uses of databases and weighted coefficients. Continu-
ously updated versions of AIS, databases, and recalibration
of weighted coefficients give a variety of comparisons,
which are often confusing.

Both methods have their limitations in accurate survi-
val predictions (45). ASCOT has been in use for over a
decade, but is relatively new compared to TRISS, which is
often preferred for being easier to use and less “error
prone” (22). Both ASCOT and TRISS are “error prone” in
the pediatric population. Recently, Shall et al. (40) compared
a pediatric age-adjusted TRISS (PAAT) with standard TRISS
and ASCOT scoring for outcome determination. Using PAAT
provided a more accurate prediction of outcomes, compared
to TRISS and ASCOT, which both had a tendency to under-
estimate survival (40).

TRAUMA REGISTRIES

Trauma scores are useless without a “norm,” a standard
from which individual hospitals and patient groups can
draw comparisons for quality assessments. Trauma regis-
tries are data repositories that have been developed to
serve as the normative database. Numerous registries have
been developed locally, nationwide, and internationally,
resulting in enormous collections of data. These data have
been used to improve trauma scoring, triage, outcome evalu-
ation, quality assessments, and for allocating resources.
Unfortunately, the registries also vary greatly in their
quality of data and method of data collection. Much of the
information generated has been costly, with questionable
applicability or long-term usefulness.

Trauma registries are modified from earlier limitations
through continuous updating of data and recalibrating of

coefficients. Epidemiological differences and developing
medical technology continue to challenge trauma registries.
The American College of Surgeons (ACS) Committee on
Trauma (COT) is collecting data from U.S. trauma centers
with the National Trauma Database. England, Scotland,
Germany, Austria, Greece, Norway, Australia, and other
countries all have their own trauma registries with the
purpose of creating trauma norms that more accurately
reflect their regional characteristics. Registries in specific
areas such as pediatric trauma and head injury are in use,
and a modern combat trauma registry is under way.

Major Trauma Outcome Study
The MTOS is a retrospective descriptive national trauma
database organized in 1982 by the ACS-COT (46). Its
purpose was to develop a national norm for trauma care,
enabling hospitals to compare and evaluate the quality of
care and outcomes of their trauma patients with a reference
point, and to support trauma evaluation and quality assur-
ance. Demographics, physiological, and anatomical injury
severity, etiology, and outcome data from approximately
160,000 trauma patients were submitted on a voluntary
basis from trauma centers throughout North America
between 1982 and 1989. The injuries were coded according
to the International Classification of Diseases, 9th Revision
Clinical Modification (ICD-9-CM), severity scored (AIS-85
and ISS coding), and outcome norms were set using TRISS
methodology. Unexpected outcomes were reviewed, and
patients missing any of the required (mainly RTS) variables
for calculating survival probability were excluded (47).

The MTOS has numerous limitations. The data is not
population-based, as it was culled on a voluntary basis
from a variety of institutions. Eleven percent of the patients
were excluded on account of incomplete data, lack of GCS
scoring of intubated patients, and registration of RR. This
creates a potentially significant bias if these patients were
the most severely injured or had the poorest outcome.
MTOS does not implement comorbidity; there are no pedi-
atric-specific norms, as data were collected from adults (age
�15 years); and, the data are limited to inhospital outcome.

Despite these shortcomings, MTOS is now over 20
years old and a very useful and impressive database. Quali-
tative studies have shown that MTOS has improved the hos-
pital trauma systems throughout North America and has
been applied in the United Kingdom (U.K. MTOS) (47).
Trauma registries have been developed throughout the
world, some as offshoots of MTOS (e.g., U.K. MTOS), others
as unique trauma databases reflecting their specialized
regional epidemiology.

The Utstein Style: Uniformity in Scoring
In 1994, an international working group organized by the
International Trauma Care Society (ITACCS) initiated the
application of the Utstein concept to create a uniform
method of reporting trauma data (UST) (48). The intention
of the group was to find the widest possible consensus
between the major forces in the field, and ITACCS published
the recommendations in 1999 (49). The UST suggests a
common terminology and template for the prehospital and
early in-hospital management.

The template is created as a generic “object-oriented”
approach; the patient is regarded as an object, traveling
through time and space (locations) after a trauma incident.
The object (patient) is periodically linked to other objective
“links” (personnel, evaluations, treatments), along the

Table 14 A Severity Characterization of Trauma Model

Coefficients for Both Blunt and Penetrating Trauma for Each

Variable (K)

Variablea (K ) Blunt trauma Penetrating trauma

Constant 21.1570 21.1350

G 0.7705 1.0626

S 0.6583 0.3638

R 0.2810 0.3332

A 20.3022 20.3702

B 20.1961 20.2053

C 20.2086 20.3188

Age 20.6355 20.8365

aThe K variable abbreviations are: G, Glasgow Coma Scale (Table 2);

S, systolic blood pressure upon arrival; R, respiratory rate; A, B, and C

are summary abbreviated injury scale (AIS) scores of serious injuries

(AIS . 2) to various body regions or systems (as shown in Table 6). A

component (A, B, or C) value equals the square root of the sum of the

squares of the AIS scores (Table 5) for a patient’s injuries in the component.

Source: From Ref. 43.
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“care” pathway. This gives flexibility within the model to
record, evaluate, and refine the links individually to
improve the model.

The ISS is used and thereby also AIS, RTS, and GCS.
These recordings allow for TRISS methodology and com-
parison to MTOS. The patient cofactors of age, gender, and
comorbidity are included and graded. Patient outcome is
also graded, incorporating mortality and morbidity.

Data collecting is divided into “core” (mandatory) and
“optional,” but the extensive core data collecting makes
training for data collectors necessary to minimize inter-
rater variability, and using ISS may affect accuracy. The
UST takes into consideration and eliminates many weak-
nesses of previous scales and registries (e.g., factor
grading, and incorporating the morbidity and disability
factors). This uniform-reporting style looks promising, facil-
itating regional and international cooperation. It could elim-
inate a number of the biases and variables presently
encountered in trauma systems and increase registry
system effectiveness as well as quality of care (48).

UST’s limitations lay in collecting the extensive
amount of core data, and the limitations of incorporating
ISS. Definitions and classifications need some refining to
facilitate clinical applicability (50).

TRIAGE DEFINITIONS AND GENERAL CONCEPTS

Triage is derived from the French word trier which means
“to sort.” Triage is a process for categorizing victims
involved in a multi-casualty incident or disaster into differ-

ent degrees of severity, and also assigning appropriate
graded treatment and transport priorities. Dominique
Jean Larrey, Napoleon’s famous surgeon is often credited
for devising the first modern methodology for quickly eval-
uating, categorizing the wounded in battle, and prioritizing
their evacuation, based on the severity of their injuries with
no regard to rank. In war, as in natural disasters, the number
of patients often exceeds the amount of available personnel
and/or equipment resources (51,52). Accordingly, the
optimum triage model can vary in different situations. The
maximum patient survival results when the best use is
made of available resources.

Triage is a dynamic process, with reclassification
of status possible after the transport and definitive treat-
ment of the victim has occurred. The initial triage categ-
orization should be seen as a temporary classification of the
victims’ condition, which is easily changed and affected by
both victim- and nonvictim-related factors (53–56). The
aim of every triage officer should be to achieve “The
greatest good for the greatest number.” Peacetime
triage is performed in both the prehospital and inhospital
settings.

Prehospital triage is the most commonly employed
system of sorting patients on the basis of injury status and
is performed at the site of the incident. In North America,
(i.e., United States and Canada) physicians are not typically
involved in the prehospital scene. In these cases, parame-
dics, emergency medical technicians (EMTs), and police
and fire rescuers perform the first onsite triage. In mass
casualty situations, physicians may be sent to disaster
scenes to coordinate.

The “scoop triage” system is typically performed by
nonhealth professionals such as police officers or firemen,
and its main aim is to remove the victims from the hazar-
dous incident site while performing limited initial triage.

It by no means replaces the normal triage procedures
performed by health professionals, and should only be
considered as a rudimentary triage. It is also known as
“scoop and run,” when adequate transportation is available
for immediate evacuation of the victims.

In most European countries, physicians are present at
the scene of the incident in both minimal casualty situations
and in disaster scenarios [manning mobile intensive care
units (MICU), or emergency medical system (EMS) helicop-
ters] and apply the onsite triage (54,57–59). An onsite
advanced medical post (AMP) should be deployed in the
case of severe multi-casualty incidents and in disaster situ-
ations. The AMP can include a chief emergency physician
(CEP), a chief paramedic, and a chief nurse acting as staff
officers managing the ongoing crisis, and effectively deploy-
ing emergency physicians (EP) paramedics, nurses, auxiliary
health providers, and volunteers (52).

The inhospital triage is applied at the receiving hospi-
tal and is performed by emergency department (ED) phys-
icians or nurses. There are numerous protocols applicable
in triage, with significant differences, due partly to the fun-
damental prehospital system of medical care (“scoop and
run” or “field stabilization”), and partly related to the philos-
ophy of the individual medical care system, its social struc-
tures and traditions, and partly related to the type of
incident (60,61). Civilian and military triage procedures
and aims must be differentiated (52,56).

The main goals of triage procedures are to (i)
prevent avoidable deaths, (ii) ensure proper initial medical
treatment within a minimal time frame, and (iii) avoid mis-

using assets on hopeless cases.

TRIAGE APPLICATIONS

Triage should be applied whenever the number of
patients exceeds the capabilities of the available resources
(medical personnel and equipment) at the local level.
Triage systems are also applied during disasters where the
entire situation is de facto well beyond the capabilities of
the regionally available resources, and likely to extend
over a longer period of time (52,62,63).

During mass casualty incidents, triage officers must
quickly determine which victims need immediate medical
treatment and which can wait; which victims require emer-
gency surgery and which are not endangered. The prognosis
for the initially surviving victims deteriorates proportionally
with the degree of injury, as well as the time elapsed between
initial injury and the institution of appropriate treatment.

Use of Disaster Medical Assistance Teams
In recognition of the fact that the available EMS personnel
and hospitals are often overwhelmed by mass casualty situ-
ations, the U.S. Department of Health and Human Services,
in partnership with the Defense Department, the Veterans
Administration, and the Federal Emergency Management
Agency (FEMA) created the National Disaster Medical
System (NDMS). It recruited inpatient beds from hospitals
across the country, and signed memorandum of understand-
ings (MOUs) with various health care agencies, which spon-
sored “Disaster Medical Assistance Teams” (DMATs) to
augment local medical capabilities during times of disaster.

DMAT teams have been administered under the aus-
pices of FEMA since the creation of the Department of Home-
land Security (DHS) in 2002. Volunteers are considered
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“intermittent federal employees” when a disaster declara-
tion is made. This indemnifies the DMAT members against
medico-legal claims, and provides temporary licensure auth-
ority in all U.S. states, territories, and jurisdictions for the
deployment duration.

Typically comprised of 100 to 150 medical professionals
(physicians, nurses, paramedics, pharmacists, etc.) and
support staff, organized DMATs are trained and prepared to
activate as a group of about 35 members within six to eight
hours of a major disaster. When activated, the DMAT
members provide all of the gear, medications, and supplies
(including water, food, generators, tents for environmental
protection, etc.) so that a disaster area will be self sufficient
for up to 72 hours. DMATs are capable of numerous missions,
including: setting up triage and treatment sites, regional
evacuation, and reception points, as well as assisting in
augmenting overrun hospitals, hospital evacuations, and the
provision of shelter medical care.

There are currently 52 DMATs of varying levels of
readiness, in the United States, and over 30,000 designated
“NDMS beds” in the country’s hospitals are available for
providing hospital bed surge capacity in the event of a
major catastrophe.

In an additional effort to support disaster situations,
several North American cities have instituted volunteer
citizen training of its nonprofessional constituents into an
organization known as a Community Emergency Response
Team (CERT). These amateur emergency workers are typi-
cally community members who receive an introductory
level of training in mass casualty management principles
and become deputized as official auxiliaries to local govern-
ment EMS and support services in times of large-scale com-
munity disasters.

Originally developed by the Los Angeles City Fire
Department in 1985 for help with earthquake preparedness,
FEMA made this training available nationally in 1993. In
2003, FEMA provided over $19 million in grant funds to
states and territories to expand the CERT program under
the direction of DHS. Every area in the world has natural dis-
asters (most commonly floods, famine, hurricane, earth-
quakes, and tsunami), along with man-made disasters
(e.g., chemical spills, transportation accidents, and more
recently terrorist attacks on innocent civilians). The mass
casualties created in all of these circumstances can be
beyond the capabilities of the local governments (e.g.,
December 2004 Indian Ocean Tsunami, the Indo-Pakistan
earthquake of 2005, and the levee breaks from Hurricanes
Katrina and Rita, 2005). CERT training is now being pro-
vided worldwide. Basic information can be found on the
FEMA website (64).

Out-of-Hospital Triage Principles
The first responders on the site should perform the initial
triage, and unless relieved by more experienced personnel,
should also provide oversight of the entire situation (56).
The first physician (e.g., European countries) or paramedic
(e.g., North American countries) arriving at the scene should
organize the overall rescue procedure (utilizing DMAT and
CERT personnel when deployed), and establishing—if not
already done—the operational areas (assembly, triage, treat-
ment, and transport areas) and “exclusion zones” where
needed. All triaged victims must be re-evaluated at frequent,
preset time intervals (51,59,65,66).

The assembly, triage, and transport areas must be situ-
ated in safe locations, where the rescue personnel and
victims will not be further endangered by the incident
(directly or indirectly) or by the environment. For example,
following the Indian Ocean Tsunami of December 26, 2004,
triage areas were set up on dry land, which was elevated
above the water and debris lines, whereas, in Hurricane
Katrina, triage areas were located on freeway overpasses,
allowing for both dry land and helicopter access, and at the
New Orleans International Airport, where patient reception,
triage, treatment, and medical evacuations were performed
for both rescuees as well as patients being evacuated from
over a dozen hospitals. The triage area should be located
immediately adjacent to both the assembly area and the treat-
ment site (Fig. 1). The transport area should be located adja-
cent to the treatment area (but not too far from triage), to
facilitate evacuation of both triaged and provisionally
treated victims needing immediate transport to higher level
of care (51,65–69).

Each victim is issued a color-coded triage card, when
available, which contains a limited amount of medical infor-
mation regarding the status of the victim, as well as identifi-
cation information (51,65–71). A universally acceptable
protocol for triage does not yet exist, however, there is
improving international consensus on triage terminology,
color coding, and symbol markings (70,71). A number of
triage systems are used in various locales (Table 15).
However, when massive casualties occur following natural
disasters, involving multiple countries or when relief
agencies from multiple countries are working together, the
need for a uniform triage system becomes evident.

During the initial triage, patients are assigned a
“treatment priority.” The highest priority for treatment
is assigned to victims with unstable or jeopardized vital
functions, who can be rapidly stabilized through direct
medical interventions onsite (e.g., compromised airway,
tension pneumothorax, hemorrhage control, and mild to
moderate hypotension).

Figure 1 Optimum layout for managing patient triage and transport from the incident area to hospitals. The arrows show direction of

patient flow. Some triage will occur at the incident area, but then patients are moved to an assembly area; obviously injured patients are

carried through (or bypass) the assembly area into “triage” where they are assessed for immediate treatment and/or transport to a higher level

of care. Following treatment, patients are transported to the appropriate level of care facility.
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Transport priorities (Volume 1, Chapter 7) are similar; a
victim with unstable vital signs is given a high transport pri-
ority, when urgent medical interventions (such as emergency
surgery, severe hypotension, uncontrollable hemorrhage,
blood vessel injury) are not available on site are needed.

The triage priority is identified by a color-coded
triage tag, although the color code and triage subsections
(categories) are not universal.

The four subsections triage method, performed by
health professionals (typically paramedics in North
America, and physicians in Europe), is the most widely
known and applied method (Table 15, and Figs. 2 and 3)
(52,59,67,68) and utilizes the following basic structure:

Red ( first priority, T1): Has the highest priority. The
victim is in a life-threatening situation and requires immedi-
ate medical treatment at the scene and/or in the receiving
medical facility to preserve the victim’s life. These victims
(must by definition), have a good prognosis for a satisfactory
quality of life after the definitive treatment (51,59,65,66).

Yellow (second priority, T2): Seriously injured or a
serious medical status, but with vital functions and, pre-
sently, stable. Requires medical treatment, but has a very
good outcome (51,59,65,66).

Green (third priority, T3): All walking victims, with or
without injuries. The injuries encountered here are minor
(by no means life-threatening), and with an excellent prog-
nosis.

In mass casualties, victims with the most severe inju-
ries, and no real chance of survival despite the medical
effort (e.g., full thickness burns .90% of total body
surface, severe and open skull/brain injuries with a
GCS ¼ 3, etc.), are triaged to an “expectant” (green) area,
implying survival predicted to be less than 24 hours. These
victims are given palliative comfort treatment and have a
low treatment, transport priority, and are defined as

having no surviving chances. However, as additional
resources are brought to the scene, patients in this category
can still be retriaged back to either the red or yellow areas
if indicated. In the military, the expectant area is often
denoted by a dark blue color.

Black (last priority, T4 or T0): Dead. Death must be cer-
tified by a physician, unless the type of injury is obviously
not compatible with life (e.g., decapitation, rigor mortis,
total desiccation). In these cases, nurses and paramedics
may certify the death (51,59,65,66).

In some European countries, the T4 color code is not
black; rather, it is sometimes designated by white or blue.

A yellow-coded victim can rapidly deteriorate to red-
coded status, just as a red-coded victim can improve to a
green-coded status. The fluidity of triage status con-

tinues until definitive treatment of the victim occurs at the
hospital.

The data entry fields on the triage card should be intui-
tively organized (Figs. 2 and 3), so that a minimum amount
of writing is required, and one can easily view the patient
status. The information given by the card to the receiving
physician in the hospital must clearly indicate known inju-
ries and diagnosis, and should indicate any recommended
treatment. The scoring system(s) applied must be pre-
agreed by the members of all jurisdictions who will encoun-
ter the patient, typically county-wide, and ideally, nation-
wide (59,72).

In most countries, the data transferred to the triage
card includes: patient’s name and identification serial
number (e.g., passport, driver’s license, or social security
number), demographic data (age or date of birth, sex), phys-
iological data (given later in this chapter), known injuries,
initial treatment (including medications administered)
(Figs. 2A and 3A), overall status prior to transport, transport
priority, means of transport (ambulance vs. air evacuation),

Table 15 Triage Methodologies Based Upon the Number of Triage Category Subsections

Subsection

number

Triage

category

Tag

color Description/comments

5 T1 � Life-threatening situation needing immediate treatment

T2 � Emergency, but not life threatening

T3 � Nonemergency

T4 � Healthy, not injured

T5 � Dead

4 T1 Immediate Red Life-threatening situation needing immediate treatment (red tag)

T2 Delayed Yellow Emergency, not life-threatening (yellow tag)

T3 Minor Green Slightly injured, not moderately or severely injured, no survival chances (green tag)

T4 (or T0)

Expectant

Black Dead or dying! morgue (black tag)

3 T1 � Life-threatening situation needing immediate treatment

T2 � Emergency

T3 � Can wait

2 T1 � Life-threatening situation needing immediate treatment

T2 � No immediate treatment needed

Scoop triage T1 � Possibly in life-threatening condition

T2 � No immediate treatment needed (presumed dead, clearly dead, or possibly in no life-

threatening situation)

Note: The various categories and descriptions are provided for each triage method. The tag color descriptions are only provided for the four-subsection method

(the most common).
�Variable: there is a variety of color schemes utilized for triage systems around the world. Only the four-subsection methodology has become internationally

standardized as shown in table. See text for details.
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and destination (level I trauma center vs. lower level).
The physiological data often include the GCS, blood
pressure, RR, heart rate, O2 saturation, and general status
of the airway, breathing, and circulation.

The worldwide diversity of triage tags (Figs. 2 and 3)
represents a problem that could potentially adversely affect
patient care. Accordingly, the NATO members have all
embraced the aforementioned color-coding nomenclature.
The different cultures, healthcare-systems, prehospital care

providers, and financial factors have thus far impeded the
implementation of a unified triage tag for non-NATO
nations (70,71).

In addition to the triage-tags-documentation, an inde-
pendent on-scene “master triage report” should be compiled
to include data regarding all affected and nonaffected
individuals involved in the incident. This documentation
should include recognition data for the individual, such
as sex, approximate age, name if available, initial triage

Figure 2 (A) Triage card, Greece (front side), showing color-coded tag typical of the four-subsection categorization of triage. In this

case T0 (black) denotes death (no immediate need for treatment or transport); T1 (red rabbit) denotes highest level or urgency to

treatment and transport; T2 (yellow turtle) denotes need for transport, but at less urgent pace; T3 (green) denotes no need for urgent

transport. These cards also have designated areas for patient identification, as well as demographic and physiological data. (B) Triage

card, Greece (back side), showing the color-coded four-subsection categorization of triage described in (A) and in Table 15. Also shown on

this card are anterior and posterior patient body outlines where marks and notations can be made to delineate areas of trauma on the patient.
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Figure 3 (A) United States Civil Disaster Management triage tag as used for STARTTM-triage (front side). Information regarding

chemical, biological, and radiological contamination is clearly indicated. Note bar-coding (top-right) allowing for quick digital

identification of patient. The triage tag also has check-off boxes for symptoms (S, L, U, D, G, E, M). Additionally, auto injector use is

indicated as well as decontamination status (primary versus secondary). Mechanisms of injury and vital signs are also noted. The bottom of

the tag includes the four color-coded triage designations. Each may be torn off, increasing the triage level of urgency (with bar coding).

(B) United States Civil Disaster Management triage tag used for START-triage (back side). Top of card indicates physical status of patient

including respirations, perfusion, and mental status. Triage status and personal identification is noted here. The bottom of the tag includes

tear-off triage level of urgency (corresponding with front side). The START-triage algorithm is provided in Figure 6.
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categorization and locality inside the incident area, where the
victim was found, and eventually, the use of specialized
rescue methods (extrication, etc.), as well as disposition.

In case of any hazardous materials (HAZMAT) release,
the security of the rescue forces, and of the nonaffected
population requires the establishment of “exclusion zones”
(Figs. 4 and 5). Decontaminated zones must be uphill,
upwind, and upstream from the previous contaminated
zone (2,59,72–74). The designated site to establish the
assembly, triage, treatment and transport areas must be
chosen very carefully. The wind plays a vital role in safety,
because not only wind direction, but also its speed deter-
mines the safe site. The exclusion zones are designated as
“hot,” “warm,” and “cold” zones (51,59,72–80).

A “hot zone” is an absolute exclusion zone. The con-
tamination (pollution) is far beyond the limits of safety,

and represents an acute and real threat for rescue forces
and victims. Entry into the hot zone is permitted only to
authorized personnel, equipped with the appropriate per-
sonal protective equipment (PPE). PPE is divided into
three levels (A, B, and C) depending upon the hazard
present (see Volume 1, Chapter 39).

A “warm zone” is a contaminated zone and exclusion
zone. Entry is permitted for authorized personnel only. The
level of contamination (pollution) is high and threatening,
but lesser than that occurring in the hot zone. Rescue
forces must wear PPE, but of a lower level than those used
the hot zone.

In a “cold zone” the contamination level is lower, but
higher than that required by safety limits. No acute threat
is present and no PPE is needed. It is essential to establish
an exclusion zone inside the cold zone, outside of the
warm zone, to set up the assembly, triage, treatment, and
transport areas.

The size and location of these zones must be re-evalu-
ated continuously on account of the changes in numerous
externally influencing considerations. These factors
include: The number of victims (unexpected rise of the
number of casualties), environmental influences (wind
speed or direction, rain, etc.), secondary incidents (after
shocks, dam or levee breaks or tsunamis following earth-
quakes, delayed or persistent—HAZMAT release), crowd
control, and space ergonomics (51,59,73–77).

Although the cold zone represents absence of direct
hazard to the population not affected by the incident, it
may need to become an absolute exclusion zone: rescue ser-
vices should have an undisturbed focus on their job without
distraction from “disaster-tourism.”

In other situations, the type of incident in progress
necessitates establishment of an absolute exclusion zone of a
greater range to prevent a possible unrecognized spread of
the contamination. Triage must be performed outside of the
hot and warm zones unless it is not time-consuming (i.e.,
“instant-triage”) and the rescue forces are not endangered.
In this situation, PPE should be sufficient in quantity and
quality to allow rescue forces to carry out objective triaging.

Sometimes a rapid triage can be performed in the
warm zone through selection of victims who seem to be
severely affected by the incident. These “rapidly triaged”
victims must go through normal secondary triage pro-
cedures in the cold zone (73–81).

Treatment is performed solely in the cold zone. An
exception can be a case of reasonable resuscitation efforts
in the warm zone, providing the rescuers are not endan-
gered. Space ergonomics inside and outside the zones are
of vital importance. The incoming and outgoing roads for
the ambulances must be established, as well as their
parking spaces and proximity to the transport area.

A helipad must be emplaced, taking into consideration
the helicopters’ limitations with the flight path, approach-,
landing-, and takeoff procedures (e.g., height above ground
level, wind direction, presence of HAZMAT) (66,73–76).

These conditions are best created in collaboration with
the military or municipal police department. Crowd control
is an additional police, military, or security task, which will
be necessary at the incident, without which triage pro-
cedures are more difficult (52).

In-Hospital (Secondary) Triage
The principal purpose of in-hospital triage is prioritization of
urgent life-saving treatment, (e.g., a splenic rupture is given

Figure 4 Exclusion zone for wind conditions less than five knots.

In no wind and low (,5 knots) wind conditions, the exclusion zone

can surround the hot zone, with a perimeter uniformly distanced

from the center “hot” contamination site. A warm zone perimeter

should allow entrance to rescuers wearing personal protective

equipment only.

Figure 5 The exclusion zone for high wind conditions (.5

knots) is asymmetric in shape with extension down wind beyond

the warm zone (area where contaminated materials may blow).
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a higher priority than an open lower extremity fracture with
intact distal pulses) (82–86).

The in-hospital triage must also be disciplined and
designed efficiently. Optimally, the triage area is physically
directly before the entry into the ED, leaving the ED itself
solely for treatment (54,66). In this model, obviously, life-
threatening injuries will still pass through the triage area
to be registered into the system, and enter the resuscitation
bay of the ED.

Documentation procedures must be established to
maintain oversight. All patients arriving from the incident
area to the in-hospital triage area must be documented.
This procedure is in addition to the on-site documentation,
and the two must be compared after the incident.

The physicians and nurses performing triage at the
receiving hospital must be experienced. In disaster situ-
ations, ED-response teams should be established before the
arrival of casualties at the hospital (85,86). The victim’s
condition must be checked rapidly, incorporating all influen-
cing factors, and subsequently the patient should be expedi-
tiously triaged to one of three areas: (i) directly to the
operating room area, for tertiary triage for emergency
surgery, (ii) to a resuscitation area where complete primary
(Volume 1, Chapter 8) and secondary survey (Volume 1,
Chapter 14) will occur, or (iii) to an observation holding
area or ICU where basic supportive care will occur (51,54).

It is not unusual to change the victim’s triage categor-
ization after the in-hospital triage, as a more detailed and
accurate assessment occurs (62,87). In mass casualty situ-
ations, the in-hospital triage area often transforms a
normal waiting room (or other nonclinical areas) into an
extended ED (61).

LIMITATIONS AND PITFALLS OF TRIAGE

The first consideration when initiating triage is ensuring the
safety of the rescue personnel (59,72). Rescue in a difficult
environment may occasionally take priority over triage,
which should then be performed as needed (88). In cases
of entrapment, detailed triage occurs only after extrication.
The extrication priority also employs a type of triage,
giving highest priority to entrapped victims who are
seriously injured, or in an unstable physical condition, or
both (89,90).

The range of transportation resources available is an
additional limitation to triage decisions. The availability of
helicopters (or other means of rapid transport) to evacuate
patients from a remote area can rapidly change a patient’s
possibility of survival (see Volume 1, Chapter 7). Conversely,
the absence of air evacuation capabilities can convert an
otherwise survivable injury into a lethal one (91).

The quantity of transport vehicles can also impact
triage decisions. An insufficient number of vehicles may
force the triage officer to downgrade the formal triage cat-
egory to a lower priority, increasing the waiting time for
the initially low priority cases, and subsequently resulting
in the possibility of their upgrade to a higher priority as
their respective condition changes. Conversely, over-com-
mitment of transportation vehicles can also have adverse
effects if unwarranted traffic and congestion makes the eva-
cuation operation less manageable (52,59,71).

The predetermination of adequate medical
supplies and logistics support in mass casualty incidents

and disasters require an accurate forecast of incoming

injuries and associated influencing factors. However,
in large scale disasters, where chaos may be present, such
information is often unreliable or not available. Inadequate
local logistical support, on account of the financial shortages
or inadequate training can doom an otherwise well-orga-
nized and promptly responding central relief effort (52,88).
In this situation, the central authority may need to
augment the local manpower with military trained rescuers.

The best triage officer is not necessarily the medical
officer with the highest rank or seniority; rather, it is the
physician with the greatest experience in triage. The triage
officer must remain calm under stressful conditions, while
deploying and applying the knowledge and experience
required to benefit the largest possible number of victims
(51,52). The rescue success is directly proportional to their
medical capabilities, and inversely proportional to their
physical and mental fatigue (53,62–66).

The ethical considerations in the triage procedures are
dependent on religion, culture, local traditions, and insti-
tutional legacies. Deciding which patients are salvageable,
and which are not, is imprecise and agonizing (51–53).

There is no universally applicable legal code for triage.
Nations, states, and counties may have their own legal
framework for triage situations. The triage officer should
consider the legality of trans-jurisdictional transport needs,
and act accordingly. Legal agreements should be prear-
ranged, if possible, in cooperation with local and central
authorities (52,72).

Communication is essential for any operation. The

quality and quantity of the local telecommunication must be
wisely distributed among the rescue forces. The person-
nel’s training level in telecommunication determines the
quality and flow of information exchanged, and can quickly
become an informational jam, making correct triage pro-
cedure impossible to accomplish (52). Lack of uniformity in
communications hardware and frequency use when mutual
aid resources are brought to a distant disaster scene may
add to the confusion.

Another frequent pitfall in triage situations is failure to
consider the mental and physical fatigue of the rescue per-
sonnel and plan for relief. In mass casualty incidents and
disasters, the rescuers often exceed their own physical,
emotional, and mental limitations, thereby possibly disre-
garding hazards, making errors, and introducing other
inaccuracies in triage procedures and decisions. All person-
nel involved in an extended rescue operation should be
ordered to rest intermittently. The optimum endurance for
a shift in mass casualty incidents and disasters varies
between four and six hours, but the first crucial 12 hours
of a response, when most of the victims who are entrapped
are being located, often lead to poor shift compliance. Every
shift should be ideally followed by an equally long rest
period. Feeding and fluid administration is similarly
important to maintain functionality of responders.

All rescue personnel should take part in debriefing or
stress relief sessions held at the end of every day of oper-
ation, immediately after the end of the whole operation,
and then again, approximately one month later. Specially
trained psychologists or peer-trained Critical Incident
Stress Debriefers should be responsible for these sessions
(53,61). Trauma survivors should be told that symptoms
of acute stress disorder (ASD) and post-traumatic stress
disorder (PTSD) are common, natural, and treatable.
However, if any of these symptoms [recurrent, intrusive
recollections of the event (e.g., nightmares or flashbacks),
avoidant behavior (e.g., emotional numbing), increased
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arousal (e.g., irritability, insomnia), or significant impair-
ment in social and occupational functioning] should occur,
trauma survivors should seek the assistance of a mental
health professional so that the symptoms do not become per-
manent (see Volume 2, Chapter 65).

The financial aspects of this system are not to be
ignored: A system based on the EPs is more expensive to
establish and operate than the one using volunteers and
EMTs. Thus, those systems that are affordable in the few
wealthy regions of the globe are financially impractical in
many other areas (66).

SPECIALTRIAGE SITUATIONS
Civilian Mass Casualty: START/JumpSTARTTM
Many mass casualty situations (bomb blast, hurricanes,
earthquakes, and tsunamis) result in patients suffering
from both blunt and penetrating trauma, as well as environ-
mental problems (near-drowning, dehydration, hypo- or
hyperthermia). Often, devastating burns (Volume 1,
Chapter 34) or near-drowning situations (Volume 1,
Chapter 35) are also associated. The nature and mechanism
of the injury, age of the patient, and special circumstances
(described hereafter), suspicion of “hidden” injuries on
account of its location in closed cavities (skull-brain
trauma, thoracic trauma, abdominal trauma) must all be con-
sidered (54). A correct final triage “prediction” is based upon
the recognition of trauma, the initial treatment applied, and
the extent of delay until definitive treatment (54).

The jeopardized trauma patient needs an accelerated
initial assessment and management plan. Even today,
many trauma patients die in the field or during transport
due to airway obstruction or insufficient respiratory
support. In trauma patients, especially, an aggressive
approach and treatment can save not only the life of the
affected patient, but also many other lives through time-con-
scious treatment. For example, performing cricothyroidot-

omy, if an airway cannot be secured with oral or nasal
intubation within one minute; or, proceeding to central
venous or intraosseous access, if a peripheral venous
access cannot be established within 90 seconds (59,65,66).
In the mass casualty situation, evaluation and management
is even more chaotic.

To address this reality, the Newport Beach (California,
U.S.A.) Fire and Marine Department, in concert with Hoag
Memorial Hospital developed a rapid triage algorithm
called “START,” an acronym for Simple Triage and Rapid
Treatment (92). The START-triage system can be used

by minimally trained lay persons as well as EMS personnel
in mass casualty emergencies. It is not intended to
supersede the triage techniques, which are utilized by pro-
fessional first responders.

Although no randomized controlled trials (RCTs) have
evaluated the START-triage system compared to others, it
has been used in mass casualty incidents such as train
wrecks, bus accidents, and earthquakes. Notably, START
triage was utilized at recent U.S. terrorist attacks including
the Alfred P. Murrah Building bombing, the first World
Trade Center (WTC) bombings, and the 9-11 WTC Attack.
The START-triage system is now in widespread use through-
out the United States and Canada for Homeland Security
teams. As of this publication, START training was underway
in the Dominican Republic, Japan, Germany, Switzerland,
Africa, and Polynesia.

The START-triage program relies heavily upon gross
assessment of respiration, perfusion, and mental status
(RPM) as follows: a RR (.30), perfusion as indicated by
capillary refill time (,2 seconds), and mental status as deter-
mined by ability to follow commands (þ/2). Patients who
display any of the three worrisome signs (RR .30, delayed
capillary refill, inability to follow commands) should be
triaged as red “immediate.” The mnemonic “RPM 30–2
can do” is taught to help CERT trainees recall the cut-off cri-
teria (Fig. 6). Note that the triage cards displayed previously

Figure 6 STARTTM triage algorithm.

This algorithm uses three signs to

determine the need for immediate (“red

tag”) transport and treatment (respiratory

rate .30, capillary refill ,2 seconds, and

inability to follow commands).
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in Figure 3 utilize the START-triage criteria for designating
immediate need for transport and treatment.

START triage separates the injured into four groups,
in a fashion (and color code scheme) analogous to that
described for advanced triage earlier in this chapter:
(i) Morgue (black) for those patients who are dead or
beyond hope of survival; (ii) Immediate (red) for those
who can be helped by immediate transportation;
(iii) Delayed (yellow) for those with minor injuries whose
transports can be delayed without jeopardizing outcome;
and (iv) Minor (green) for those walking wounded level of
patients who do not require medical transport or urgent
help (Fig. 3A and B).

A pediatric version of START triage, called “Jump-
START” (93), was developed by Dr. Lou Romig in 1995 at
Miami Children’s Hospital, and updated in 2001. The Jump-
START system allows for modification in children, such as
setting normal RR as 15–45 per minute, presence or
absence of palpable pulse, and response to pain using the
“AVPU” mnemonic (Fig. 7) (93). The “AVPU” system is a
commonly used level of consciousness system that stands
for Alert, responds to Verbal stimulus or Pain, or Unrespon-
sive.

Nuclear Incidents
Incidents where alpha-, beta-, or gamma radiation is
released and humans are contaminated are quite rare, but
they have severe and long-lasting consequences (Volume 1,
Chapter 39). Three Mile Island (U.S.A.) and Chernobyl
(Russia) are memorable examples of these scenarios.

Triage for radiation incidents is complicated
because only exposed victims will be initially sympto-
matic. The vast majority of the irradiated, contaminated,
or both types of victims are, initially, asymptomatic. The
effects of radiation make these victims de facto “pretriaged,”
meaning that victims with symptoms are seriously ill, if not
beyond therapy.

The triage evaluation should be based upon facts as
well as symptoms (51,52). The intensity of radiation is deter-
mined by all of the following factors, such as distance from
source, duration of exposure, use of PPE, or the presence
of protective screens (Table 16). The importance of establish-
ing exclusion zones and PPE for the rescuers has been dis-
cussed earlier in this chapter.

The precise level or radiation exposure to alpha-, beta-,
or gamma rays can be determined with special measurement
devices, called radiometers, also known as “Geiger coun-
ters.” General triage and zone establishment procedures
are also valid in nuclear incidents, the major difference
being greater zone ranges. Zone safety ranges for the
rescue personnel necessitate the use of personal dosimeters
(74). The triage in nuclear incidents utilizes military nomen-
clature (Table 17) (51,52).

After triage procedures, all the victims must be prop-
erly decontaminated and preferably quarantined. All the
casualties of a nuclear incident must, despite their triage
score during the incident, be continually re-evaluated in a
longer postincident phase.

Biological Agent Release
Biological agent release can result from either an act of
terrorism or an accidental event (e.g., Sverdlovsk anthrax
release). In either case the initial response should include
a military liaison. A biological agent released into the
environment should be considered a “biological warfare

agent-release” (BWA-release) (73–75). In this case military
procedures and terminology are used, as the armed forces
should take control of the scene upon arrival and thereafter.
The procedures employed are the same as for nuclear inci-
dents.

The wide variation of factors involved in biological
agent release makes these incidents extremely challenging
and stressful. The variety of symptoms and their time
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Figure 7 JumpSTARTTM triage algorithm. This algorithm is

modified from the START triage algorithm to account for the

different normal vital signs and verbal, motor, and cognitive

abilities of the child. Use JumpSTART if the patient appears to

be a child. Use an adult system, such as START, if the patient

appears to be a young adult. For children who are unable to

walk due to age/developmental status or chronic physical

disability, perform JumpSTART triage. If the patient meets

“yellow” criteria, examine for significant external signs of

injury, such as penetrating wounds, burns, or complex wounds.

If present, triage the child as a “yellow” (delayed). If such signs

are present and there is uncontrollable bleeding or other

indications that the physiological status will deteriorate, triage the

child as “red” (immediate). If all worrisome signs are absent,

triage the child as “green” (minor).
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span, the need for treatment and isolation (hospital
capacity), personnel safety, patient outcome (mortality and
morbidity), political and general public safety issues,
must all be taken into consideration during the triage pro-
cedure.

Asymptomatic casualties may manifest symptoms
days or weeks later, leaving the triage officer with an una-
voidably incomplete evaluation of the incident and the
triage task at hand (73). All symptomatic casualties fall
under military triage procedures (see section “Nuclear
Incidents”). An aggressive approach (if enough resources
available) can be life-saving in certain cases.

All asymptomatic victims can be green-coded, but
must remain under observation for a specific period of
time defined for the presumable illness that would result
from the specific exposure. Antidotes play a smaller role in
biological agent release on account of their limited avail-
ability (73). However, these should be administered as
quickly as possible when exposure and antidote are both
known and available (Table 18). Casualty decontamination
is rarely needed, but the high degree of potentially conta-
gious material calls upon the use of special PPE by the
rescue forces, and a strict quarantine regimen in selected
hospitals (74).

The establishment of exclusion zones is essential. The
absolute exclusion for nonaffected civilians should be
expanded to the cold zone, which in these cases can cover
a very large geographic locality (59,72).

More recently, after the anthrax attacks in the United
States, special detection devices have been introduced onto
the market, aimed at detecting biological agent leakage.

These devices are called “biodetectors,” and can detect bio-
logical agents with acceptable precision margins.

Chemical Agent Release
These incidents can occur as industrial disasters (Bhopal,
Seveso), or as the result of a terrorist act (Tokyo subway
Sarin attack). No clear differentiation exists between chemi-
cal exposure following industrial disasters, or military use,
or acts of terrorism. Many substances used in the chemical
industry are classified as chemical warfare agents, or have
similar effects (81).

Chemical agents (CA) are characterized by various
physical properties (73), which help quantify their effects on
humans: (i) persistency, the amount of time a liquid agent
remains fluid. In this form, it can fully deploy its effects on
humans; (ii) volatility, reversibly proportional to its persist-
ency; (iii) boiling point, proportional to the persistency of
the agent; and (iv) solubility in water, or other solvents.

The common CAs are easily detected in the environ-
ment. Detection methodology ranges from simple use of
special papers (e.g., military M8 and M9 papers), to the
very sophisticated and expensive technology such as
mobile or portable chemical labs. The latter are not necess-
arily limited to the military, as most major fire departments
in developed countries have mobile CA detection units.
These mobile detection labs facilitate the tasks of the
medical team and especially of the triage officer, as soon as
the type of agent is determined (73,74).

The clinical effects of CA depend on: (i) the concen-
tration of the agent in the environment; (ii) the specific

Table 16 Intensity of Radiation Exposure: Physical Factors and Use of Personnel Protective Equipment

Factor Comments

Distance Short distance to the radiation source results in large amounts of various types of radiation (alpha, beta,

and gamma).

Duration Short exposure to relatively high doses of radiation is often less damaging than a longer exposure to

lower doses.

Use of PPE Appropriate PPE use can prolong the duration of stay in a contaminated environment and lessen the

effects of the exposure.

Presence of protective screens Protective screens can isolate the effectual amount of radiation and lessen its effects.

Type of radiation Alpha radiation of 8 MeV energy can have a track length in air of c. 7.3 cm (2.8 in.), beta radiation

34.4 m (112 ft 10.3 in.). Gamma radiation can penetrate up to 40 cm (1 ft 3.7 in.) of solid lead and has

a track length in air of several kilometers.

Area of irradiation

(internal and external)

Contamination is typically external (whole body or partial), but may be internal (e.g., drinking con-

taminated water) or both (e.g., near drowning in contaminated water).

Note: See Volume 1, Chapter 39, for greater description of personnel protective equipment subcategories A, B, and C.

Abbreviation: PPE, personnel protective equipment.

Table 17 Triage Nomenclature and Classifications for Nuclear, Biological, and Chemical Exposure

Triage category Definition/comments

T1 (red)—immediate treatment The victims’ condition is serious, vital functions are jeopardized, and life-saving actions must be

imposed. Survival chances are good.

T2 (yellow)—delayed treatment Victims need treatment. Their condition is not life threatening, but on-site stabilization is needed.

T3 (green)—minimal treatment Slightly injured (irradiated, contaminated) or noninjured victims, needing minimal treatment.

T4 (green)a—expectant treatment Expectant treatment (T4): severely injured victims, no realistic chance of survival. Only palliative

treatment on site to lessen suffering is needed.

T5 (black) Dead A physician must always certify death.

aIn military setting dark blue is often used for “expectant treatment.”
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amount of agent needed for a biological effect; (iii) persist-
ency of the agent on the surface in question; (iv) temperature
and humidity of the environment; and (v) the duration of sun-
light acting on the released agent (see Volume 1, Chapter 39)
(76–80).

Two specific triage precautions must be observed
during response to CA release incidents (75–77): (i) Rescue
force protection: it is often difficult to identify the CA
release during the initial minutes of an event, and this
release can develop into a serious hazard for the first
police and rescue forces to arrive on-site; (ii) Victim
exposure: victims exposed to CA contamination may show
a variety of symptoms. Syndromic surveillance has been
promulgated in recent years in order to detect surreptitious
chemical agent releases. Symptoms can be somewhat
delayed, and the victims may not directly relate them to
the exposure. This phenomenon can have a severe spillover
effect, particularly if the patient is brought into the hospital
without having undergone decontamination procedures
before entering, and thus potentially resulting in cross-con-
tamination of the hospital healthcare workers.

In a terrorist attack where chemical warfare agents are
used, all triage problems are magnified. In such an event,
chemical agent detectors are required. The old-fashioned
agent indicator matrix (AIM) tools are less useful because of
the time required to determine the agent. The AIM technique
utilizes a chart to determine the type of agent released, depend-
ing on the symptoms exhibited by an unprotected patient (73).

In CA release, it is obligatory to establish the three
exclusion zones. Decontamination is always advisable (as
in gas exposure), if not absolutely necessary (as in liquid,

aerosol, and vapor). The initial decontamination should
take place in the warm zone (73).

Victims with symptoms after exposure to CA should
be triaged according to the severity of their symptoms,
with cardiopulmonary and central nervous system (CNS)
being more serious (73,74,79). Those with involvement of
the upper or lower respiratory tract should be coded red.
Slight or medium respiratory tract symptoms can quickly
evolve into severe respiratory insufficiency within minutes,
and should be approached and treated aggressively.

It is not advisable during a mass triage to attempt
resuscitation of normothermic CA victims who have had
no heart rate or breathing for an indefinite time period.
Resuscitation is advisable if the cardiac arrest is witnessed,
or the patient is thought to be hypothermic prior to an
arrest of brief duration, and resuscitation can begin immedi-
ately under safe conditions for the rescuers (73). Environ-
mental safety considerations should always be evaluated
before any action is taken by the rescuers following CA
exposure.

Victims with little or no CNS involvement should be
coded yellow, but are potentially red, and not green-coded.
GCS ,15 should be coded yellow. GCS ,12 and all those
victims with at least one seizure should be coded red,
because the gradual affection of CNS involvement is con-
tinuous, and ends in death if untreated.

Antidotes (see Volume 1, Chapter 39) should be admi-
nistered immediately if available. The decision to administer
antidotes to patients with minimal or no symptoms should
be made based on the size of the incident and the availability
of antidotes. If significant numbers of patients are expected,

Table 18 Most Important Biological Agents and Their Corresponding Antibiotic Treatments or Chemical Antidotes

Biological agent Disease

Field

decontaminationa Antibiotic or antidote

Bacteria

Bacillus anthracis Anthrax Standard Ciprofloxacin, doxycycline

Brucella melitensis Brucellosis Standard Doxycycline, rifampinb

Coxiella burnetti Q fever Standard Doxycycline

Francisella tularensis Tularemia Standard Doxycycline, ciprofloxacin

Yersinia pestis Plague Mask protection of

coworkers

Streptomycin, gentamicin, doxycycline,

chloramphenicol, ciprofloxacin

Virus

Arenavirus Lassa fever N95 respirators Ribavirin

Filorvirus Ebola N95 respirators Supportive care

Marburg N95 respirators Supportive care

Hanta virus

(related to Ebola)

Hantavirus

pulmonary

syndrome

N95 respirators Ribavirin (under experimentation)

Variola major Smallpox N95 respirators Cidofivir, supportive

Numerous viral agents Viral encephalitis Standard Virus specific agent

Toxins

Clostridium botulinum Botulism Standard DoD heptavalent antitoxin, FDA bivalent

antitoxin, supportive

Staphylococcus aureus

enterotoxin B

Staph poisoning

(toxic shock)

Standard Vancomycin

Ricin (from castor beans) Ricin intoxication Standard No known antidote; supportive care

aStandard field decontamination is water shower of patient and use of gloves, gown, hand washing of coworkers. With airborne pathogens, the hospital workers

should wear a N95 respirator and the patient should be isolated.
bCombination therapy recommended.

Abbreviations: DoD, Department of Defense; FDA, Food and Drug Administration.
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the risk of running out of antidote could mean that some
patients more in need of antidote later on in the triage may
not get it. All victims treated with antidotes should remain
in the red-coded area until admission to the hospital, as all
antidotes have a short-lived effect that requires monitoring
and may require redosing. It is not advisable to bring
expensive monitoring equipment into the red zone (unless
an abundant supply is available for use in the noncontami-
nated areas as well), as such equipment may not be able to
be adequately cleaned of the CA.

Supportive measures should be instituted immedi-
ately as needed. Airway, breathing, and circulation must
be secured and high-flow oxygen administration is
always indicated. Severely contaminated victims can
exhale large amounts of the CA, often enough to contami-
nate and affect the rescuers. The use of PPE and appli-
cation of special filters if available for the respirator and
the resuscitation equipment is always mandatory in these
cases (78,79).

Pediatrics
Triage in pediatric patients represents many practical, evalu-
ation, and communication-related problems. In some cases,
the child can withstand a greater anatomical or physiological
insult and permanent damage than the adult, while in others
cases the child is more vulnerable. This leads to many more
and prolonged cases of resuscitation in children compared to
adult resuscitation. Black triage tags are only given to chil-
dren after substantial resuscitation, or in clear cases, or
futile resuscitation (e.g., decapitation), but the basic triage
principles and procedures are nevertheless the same as for
adults (91).

War
War is even more complicated than civilian practice in terms
of triage procedures. The need for triage collides with the
hazards present, the medical ethics of military procedures,
and ultimately, the political and military goals (51,52).

In peacetime, the aim of civilian triage is to save the
lives of as many victims as possible, following appropriate
restrictions with respect to the rescuers’ safety. During war,
an important secondary aim of triage is in returning a
wounded individual back to a useful combatant status
(41). This is part of the concept termed, “reverse triage.”

Thus, triage procedures and main goals are differen-
tiated: (i) In war, the triage may be more gross, often subju-
gated to many aspects other than primary rescue purposes;
while in civilian incidents, triage is more accurate and
detailed with the simple aim being “the greatest good for
the greatest number.” (ii) Another important difference is
the direction of evacuation, which is radial and multi-direc-
tional in peacetime (even cross-border evacuation), while
during war, it is usually only linear and most often only uni-
directional (59). (iii) Finally, the triage officer must comply
with standard operating procedures (SOP), and remain
fully cognizant of the resources and lines of evacuation to
higher levels of care.

EYE TO THE FUTURE

The individual response to injury is complex and difficult to
model adequately. It is therefore valuable to continuously
use several, albeit imperfect, injury severity scoring systems.

On account of their frequent uses in outcome models, the
scoring systems are scrutinized for inaccuracies that could
affect outcome validity. In this process, trauma registries
are increasing in volume and numbers, hopefully yielding
more precise models. However, this will only happen if a
focus remains on validation of data. Significant resources
have, unfortunately, been spent collecting inapplicable
data, and more importantly, far too few resources and
focus have been put on prophylactic measures.

The outcome probability methods are predominantly
based on sophisticated statistical models, capable of control-
ling for wide case-mix differences, and strengthened
through data volume and inclusion of newer important par-
ameters such as age (break down) and comorbidity.

As data become more uniform through improvement
of scoring systems, additional mathematical tools such as
neural networks or pattern recognition systems analogous
to those used in chemometrics or econometrics could
become applicable (89).

Triage will also adjust and progress through techno-
logical advances designed to improve and facilitate com-
munication and transport. Technical and medical research
must bring devices and improved treatment methods to
the field in order to facilitate triage and improve patient
care. Finally, more emphasis and financial investment must
be placed on educating personnel.

A system of life saving clinical maneuvers for the man-
agement of toxic exposure was developed by Trauma Care
International (ITACCS). Toxic Advanced Life SupportTM

(TOXALSTM) prioritizes contamination control and deconta-
mination of the patient, in concert with the treatment of the
most life-threatening injuries first. TOXALS has now been
accepted into chemical-biological (CB) response planning
in France, the United Kingdom, and elsewhere (94,95).

It is also anticipated that TOXALS will proceed to the
next level, which would be a full training program similar to
Advanced Cardiac Life Supportw (ACLSw), Pediatric
Advanced Life Supportw (PALSw), and ATLS. In this
expanded version, TOXALS training would combine didac-
tic instruction, laboratory sessions, and field exercises to
train medical personnel in the management of casualties
exposed to chemical, biological, or radiological agents.

Didactic instruction would include review of the
known toxic chemical, biological, and radiological agents
in terms of their physical characteristics, as well as the patho-
physiology, diagnosis, and treatment. Additionally, the prin-
ciples of field management, including triage and
decontamination of exposed casualties, should be taught.

Laboratory training could involve hands-on experi-
ence by participating in the resuscitation of a laboratory
animal exposed to a nerve agent proxy. The field training
exercises should provide experience in the proper use of per-
sonal protection equipment, detection, and triage of contami-
nated casualties, as well as the treatment and de-
contamination of exposed casualties. The students should
also be trained in basic military operations involving toxic
exposures so they can interact more effectively with these mili-
tary teams.

In the United States, a 2-day, 16-hour Advanced
HAZMAT Life Support Course is offered by the University
of Arizona Health Sciences Center (96). In 2005, the course
was approved by the Office of Domestic Preparedness
(ODP) and its funding can be sought to cover the tuition
fees.

Other innovations evolving in the triage arena include:
(i) advanced computerized manikin modeling for disaster
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life support scenarios and patient simulations; (ii) Basic and
Advanced Disaster Life Support courses have been
developed at the University of Georgia, and are
managed by the National Disaster Life Support Foundation
(97); (iii) the development of a “Smart Triage” disaster tag
has been ongoing at the University of California, San
Diego and at the University of California, Irvine, in conjunc-
tion with Qualcomm and CalIT2. This project incorporates
wireless network technology with GPS, bar coding, and
vital sign monitors to allow patients to be tracked and mon-
itored at a disaster site (also see Volume 2, Chapter 72). The
technology can also be used for responders at a disaster site
to track and locate responders, and to facilitate and direct
search-and-rescue operations to those secondary victims
with vital signs should a secondary event, such as a building
collapse, occur, involving first responders.

SUMMARY

Trauma scoring and trauma registries are defined and estab-
lished in modern trauma systems. They have shown their
worth through the resultant improved quality of care and
increased patient survival, but are still not able to accurately
predict individual patient outcome. The scoring method-
ologies are applicable in most settings, but can be difficult
to comprehend on account of complex statistics. When in
doubt, it may be wiser to choose a simpler trauma scale
and system.

The greatest current issue in trauma scoring systems is
the need to quickly evolve to the point at which the data
gathered from an incoming patient is automatically com-
pared in “real time” with an existing large-population data-
base, thereby resulting in a number of immediate directives.
These directives emerge as prognosticating information is
calculated about survival, morbidity, and return to function.
Additionally, these more immediate data renderings can be
of assistance in rationalizing care and improving allocation
of scarce resources.

Current triage procedures are, basically, the result of
the individual triage officer’s experience and education,
combined with the capabilities and limitations of the
trauma system. Local and regional adaptation within this
system can strengthen regional patient outcomes.
However, regionalization impedes universal consensus and
thereby weakens efforts to improve national and inter-
national uniformity of triage. These considerations must be
taken into consideration when deciding which method-
ologies to apply in a trauma system.

KEY POINTS

Trauma scoring is a useful tool for: (i) triage and pre-
hospital treatment, (ii) documentation using common
terminology, (iii) injury severity description, (iv)
quality of care and patient outcome evaluation, (v)
trauma system evaluation and comparison, (vi)
trauma epidemiology, research, and funding.
Anatomical scoring is less useful than physiological
data for triage decisions; it is more predictive when
used in combination with physiological parameters
for quantifying outcomes.

The GCS correlates with clinical outcome when used in
isolation, as well as when combined with other physio-
logical scoring systems.
The pediatric trauma score (PTS) is useful and accurate
for the physiological and anatomical differences unique
to pediatric patients.
The TRISS method predicts trauma patient outcomes
on the basis of their injuries and enables comparisons
of patient outcomes among trauma systems while con-
trolling for differences in injury severity.
Triage is a process for categorizing victims involved in a
multi-casualty incident or disaster into different
degrees of severity, and assigning appropriate graded
treatment and transport priorities.
Triage is a dynamic process, with reclassification of
status possible after the transport and definitive treat-
ment of the victim has occurred.
The main goals of triage procedures are to (i) prevent
avoidable deaths, (ii) ensure proper initial medical
treatment within a minimal time frame, and (iii)
avoid misusing assets on hopeless cases.
Triage should be applied whenever the number of
patients exceeds the capabilities of the available
resources (medical personnel and equipment) at the
local level.
During the initial triage, patients are assigned a “treat-
ment priority.”
The triage priority is identified by a color-coded triage
tag, although the color code and triage subsections (cat-
egories) are not universal.
A yellow-coded victim can rapidly deteriorate to red-
coded status, just as a red-coded victim can improve
to a green-coded status. The fluidity of triage continues
until definitive treatment of the victim occurs at the
hospital.
Decontaminated zones must be uphill, upwind, and
upstream from the previous contaminated zone.
The predetermination of adequate medical supplies
and logistics support in mass casualty incidents and
disasters requires an accurate forecast of incoming inju-
ries and associated influencing factors.
Communication is essential for any operation. The
quality and quantity of the local telecommunication
must be wisely distributed among the rescue forces.
The START-triage system can be used by minimally
trained lay persons as well as EMS personnel in mass
casualty emergencies.
Triage for radiation incidents is complicated because
only exposed victims will be initially symptomatic.
Severely contaminated victims can exhale large
amounts of the CA, often enough to contaminate and
affect the rescuers.
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INTRODUCTION

Most modern trauma centers have one or more trauma resus-
citationsuites (TRS) in ornear the emergency department (ED)
and at least one dedicated trauma operating room (OR), which
remains reserved for patients requiring emergency surgical
intervention (1). This chapter describes the preparation and
readiness requirements needed for both the TRS and the
trauma OR in order to be fully capable of receiving and mana-
ging critically injured patients. In addition, this chapter briefly
summarizes the monitoring considerations important for
transporting trauma patients from the TRS to the radiology
department or to the OR (see also Volume 1, Chapter 7).

This chapter also provides insight into both civilian
level I trauma center requirements as well as military guide-
lines for TRS and OR preparedness. In this regard,
terminology and equipment utilized by the U.S. military
and other North Atlantic Treaty Organization (NATO)
countries will be reviewed. Several of the specific organiz-
ational schemes used by NATO military medical teams are
provided along with examples of military facilities currently
deployed in Afghanistan and Iraq. Because there are differ-
ences in terminology and equipment used by various
branches of the military and between countries, not all
examples could be provided. This book provides examples
and figures utilized by the U.S. armed forces.

The medical priorities for civilian and military units are
similar; however, military teams need to manage casualties
with far fewer resources compared to their civilian counter-
parts. In addition, military crews must be trained and capable
of rapid mobility and deployment. Examples of both civilian
and military TRS and trauma OR readiness will be provided,
along with the basic elements required to assure preparation
for incoming patients. Organization and preparedness,
along with clear communication and expert support from
all members of the multidisciplinary trauma team, constitute
the keys to success in trauma resuscitation.

PHYSICAL PLAN OF TRAUMA RESUSCITATION SUITE

The physical layout of the TRS should allow easy access
from the ED ambulance entrance and the helicopter
landing pad. The configuration should also be conducive to
patient transport between the radiology suite, the OR, and
the surgical intensive care unit (SICU). Most level-I trauma
centers have several patient management cubicles within
the TRS which are usually referred to as “Trauma Bays.”

A model physical layout of a typical civilian trauma
bay is shown in Figure 1. An overview of the TRS at a
level-I trauma center is shown in Figure 2A and B. Note
the trauma resuscitation bed in the center; a built-in
imaging unit hangs from the ceiling above in Figure 2A
(not shown in Fig. 2B), a portable ventilator is at the head
of the bed on standby, while oxygen (O2) can be applied
by mask from the head of the bed. Also at the head of the
bed is the monitoring display, clearly visible to the team
members; large, color-coded displays allow everyone
involved to be aware of the patient’s pulmonary and hemo-
dynamic status.

In the background is the workstation located at the
head of the trauma bay, immediately behind the physician
running the trauma resuscitation. The workstation table con-
tains the portable telemetry/pulse oximeter monitor, on
standby, but ready for use; allowing easy transfer of leads
from the fixed monitor on the wall to the portable monitor
facilitates moving the patient, once stabilized, off the table
and out of the trauma resuscitation room. On the right side
of the screen are radiographic viewing boxes, shown in
Figure 2B, along with digital imaging screens (not shown).
An intravenous (IV) pole with prepared resuscitation fluids
and lines is seen in the right background; fluid warmers
and rapid infusion devices are nearby, but not shown.

The physical plan of the TRS and adjoining areas
should also be conducive to temporary expansion in times
of disaster or other emergency, allowing for a large influx
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of patients. This is generally accomplished by conversion of
nearby patient care areas into additional “trauma bays” as
the need for patient care areas increase. For example, in
the event of massive casualties, the postanesthesia care
unit (PACU) and other patient-holding areas can be
converted into shock-and-trauma resuscitation and triage
sites; in this case, each of the normal recovery room stations
is converted into fully functional trauma bays. These same
converted sites can serve the role of PACU after emergency
surgery as well. All modern trauma centers should have a
prepared disaster plan to facilitate this type of expansion
in case of emergency.

The physical characteristics and standardized layout
for a trauma bay as approved for NATO forces (including
U.S., British, Australian, Italian, Portuguese, German, and
French armies, etc.) is shown in Figure 3. The configur-
ation of the NATO trauma bay is arranged according to a

predefined plan so that physicians, nurses, and medic
assistants from different countries will know where items
are expected to be located. Although intermingling of
national military corps is rare, and a potentially disastrous
practice, this can occur when a mass casualty emergency
arises. In civilian practice, trauma bays are often set up in
accordance with local practices of anesthesiologists, ED
physicians, and trauma surgeons, and hence there is great
variability between institutions.

When multiple trauma bays are to be prepared in a
military setting, the configuration shown in Figure 3 is dupli-
cated in “cookie cutter” fashion, allowing several trauma
bays to be located side-by-side and, when space allows,
trauma bays are arranged on both sides of large temporary
structures erected by the medical corps (Fig. 4). Occasionally,
these sites must serve multiple roles, including TRS, trauma
OR, and temporary PACU/SICU (as discussed later).

Regardless of the venue (military or civilian), the life-
saving resuscitation equipment requirements are essentially
the same, although the quantities and varieties of emergency
equipment available in the military setting are somewhat
less abundant that that generally available in civilian

settings. The smaller supply inventories characteristic of
military facilities is mainly based upon minimizing transport
weight, thus decreasing the time required for set up and
breakdown and maximizing mobility. The various types of
equipment, drugs, and other supplies needed for the TRS
are reviewed next.

Equipment
Essential equipment and supplies should be organized
and readily available in the TRS. Excessive cluttering of
equipment should be discouraged. The physical plan of
the TRS should allow easy access to additional equipment
as needed.

In most trauma centers, commonly used items are
organized into separate carts with clear labeling for speedy
access. The various categories of supplies usually include:
(i) an airway cart, (ii) a surgical procedure cart, (iii) an IV
access cart, and (iv) a cart for other miscellaneous items. In
military settings, all the equipment must fit into specialized
transport trunks, prelabeled and sized to contain only the
bare necessities.

Airway Cart
The airway cart is often divided into two compartments:
one for conventional airway management and the other for
difficult airway situations. Basic airway equipment (Fig. 5)
includes a regulated O2 source, suction apparatus, endotra-
cheal tubes, laryngoscope, mask, airway adjuncts, and a
bag-valve-mask (BVM) ventilation device. These items
should be setup and ready to go at each trauma bay within
the TRS. Special airway equipment for unusual or difficult
intubations and a small “transport capable” ventilator
(Fig. 6) should be in place and functional. Appropriate size
equipment in each category should be readily available for
pediatric trauma patients. The basic airway equipment
items necessary for an emergency trauma airway cart
(ETAC) are summarized in Table 1. The trauma anesthesiol-
ogist will decide the optimum method for establishing a
definitive airway (as discussed in Volume 1, Chapter 9).

Procedure Cart
Aside from endotracheal intubations, the procedures that are
commonly performed in the TRS include the insertion of
large-bore peripheral venous catheters, chest tubes, central
venous catheters, arterial lines, nasogastric tubes, and
bladder catheters. The essential supplies for these procedures
can be stored in a separate cart. Prepackaged sterile supplies
are prepared ahead of certain procedures, for example.,
venous cut-down, thoracostomy tube insertion, diagnostic
peritoneal lavage, thoracotomy, ventriculostomy, and so on.
The trauma procedure cart should be checked on a daily
basis for inventory and replacement of supplies used. Some
centers will utilize separate carts: one for surgical procedures
(Fig. 7) and one for IV access lines and tubes (Fig. 8); in other
centers, these will be combined. In a military setting, these
items are prepositioned in standardized pouches and
placed on the walls of the resuscitation tent (Fig. 3).

Monitors
The basic monitors include electrocardiogram (ECG),
manual and noninvasive blood pressure (NIBP), pulse oxi-
meter, thoracic impedance for respiration rate measure-
ments, and temperature (some of this equipment is visible
in Fig. 2A). Disposable carbon dioxide detectors are essential

Figure 1 Schematic drawing of a trauma bay within a

typical civilian trauma resuscitation suite. The patient is located

central to monitoring and diagnostic equipment. There is easy

access and close proximity to the hospital operating room, CT

scanner, remainder of the emergency department, and the SICU.

Basic radiology capabilities are available within the TRS itself.
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to verify proper placement of the endotracheal tube.
Optimum resuscitation and invasive monitoring of trauma
patients requires that the TRS be stocked with an adequate
supply of large-bore IV catheters, central lines, and arterial
lines to facilitate rapid placement of the lines for volume
resuscitation and for monitoring. Although retrospective
data have shown that arterial lines inserted in trauma while
the patient is in the TRS have higher complication rates
(including infections) than those placed subsequently and
under more controlled and sterile circumstances (3), arterial
lines are recommended during the initial resuscitation of cri-
tically injured patients. Accordingly, use of aseptic techniques
should be emphasized and materials readily available to help
keep the field clean, without delaying care.

Immobilization Devices
Splinting of extremity injuries and binders for stabilization
of pelvic fractures are required to minimize pain and
reduce blood loss. Likewise, cervical spine (C-spine) collars

should be available to place on patients who may not have
had one placed in the field, or for those who have soiled
or damaged their devices. Sterile Steinman pins (for use in
pelvic, acetabular, and femur fractures) should be immedi-
ately available, along with the required drills, and traction
devices.

Specific types of splints will be required for different
categories of fractures. Malgaigne equivalent fracture-dislo-
cations of the pelvis and acetabular fractures should be
immobilized with distraction pins placed in the distal
femur (as long as that too is not fractured); fractures of the
femur should be immobilized with a traction pin placed in
the proximal tibia (unless fractured). While radiographs
are being taken, temporary traction splints are useful and
should be available in the TRS.

Temporary stabilization of the pelvis may be achieved
by wrapping a bedsheet or applying a fabric belt around the
fractured pelvis (see Volume 1, Chapter 28). Commercially
available knee immobilizers should be available in the TRS
for stabilization of knee injuries. Different size cardboard or

Figure 2 (A) Trauma Bay #1 in the trauma resuscitation suite at the University of California San Diego (UCSD) Medical Center. Note the

trauma resuscitation bed/imaging table in the center, the built-in overhead imaging unit hanging from the ceiling, a portable ventilator on

standby, a telemetry/pulse oximetry monitor, a crash cart over to the side, and a scrub area. Also note close proximity to the surgical

intensive care unit seen through the open door in the far left corner of the image. (B) View of patient in Trauma Bay #2 at the UCSD Medical

Center trauma resuscitation suite. The “MIVT” board is in the background showing mechanism and initial vital signs. The team leader is at

the head of the bed applying oxygen with the assistance of a bag-valve-mask device, while an assistant applies cricoid pressure with the

cervical collar still in place. After the intravenous line is placed (left arm of patient), a helper will apply and maintain in-line immobilization

of the neck, and the collar will be removed prior to intubation (not shown). The trauma team members are gowned and gloved (i.e., adhering

to universal precautions) and wearing lead vests underneath the protective gowns. In the background (at the head of the patient) are monitors

(mounted with current vital signs) along with a transport monitor, which will be used to accompany the patient during transport to the CT

scanner, operating room, or surgical intensive care unit (as needed). In addition, a transport ventilator (to left behind patient) is available if

needed (Fig. 6).
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plastic splints can be used for leg or arm fractures. Bulky dres-
sings made out of sheets or pillows will prevent the develop-
ment of pressure sores over bony prominences in patients
with ankle fractures. All material for immobilization should
be clearly labeled according to size and be readily available
in the TRS, preferably on an orthopedic equipment cart.

Other Equipment
Other essential equipment include: (i) moveable lighting
systems; (ii) fluid and blood warmers with functional thermo-
stat and a rapid infuser system; (iii) a large supply of sterile
and nonsterile gloves; (iv) blood-sampling tubes for type
and cross, arterial blood gas, and assay of coagulation
factors; (v) storage cart for IV fluids, and sterile as well as
clean supplies (e.g., gowns and additional gloves). Easy to
identify, “sharps” disposal containers should be located in
various easy access areas of the TRS. To best utilize the time
under acute trauma conditions, much of the equipment and
supplies should be assembled beforehand. Whenever
multiple trauma bays are located within the same TRS,

each one should be set up in a similar (optimally identical)

fashion. Uniformity helps to minimize the time spent
by practitioners becoming oriented in their surroundings
and/or searching for life-saving equipment or drugs.

Pharmacologic Agents
A variety of pharamacologic agents may be required during
the initial management of the trauma patient. Etomidate
and succinylcholine (or rocuronium) are the most appropriate

Figure 3 Trauma bay setup within a military trauma

resuscitation suite (TRS)/operating room (OR). As per NATO

guidelines, in military settings the TRS may also need to serve

as the trauma OR in certain geographic areas and under certain

conditions. In this figure, the anesthesiologist is at the head of

the bed and the trauma physician and assisting corpsman

(technicians and nurses) are on the sides. Airway equipment is

arranged along the tent wall behind the patient. Resuscitation

equipment (e.g., chest tubes) is at the foot of the stretcher.

Surgical supplies are not shown. Source: From Ref. 2.

Figure 4 Multiple trauma bay array as per NATO

guidelines. The figure shows eight trauma bays within a large

trauma resuscitation suite (TRS) tent. Each trauma bay is set up

in a fashion identical to that illustrated in Figure 3. In ideal

situations, this multi-bay TRS would be used for resuscitation

evaluation and triage of severe casualties, who would then proceed

to specific operating rooms, to radiology, or to the surgical

intensive care unit (SICU). However, if there is a major influx

of mass casualties, these trauma bays will need to serve as

operating rooms and, occasionally, as postanesthesia care units

and/or temporary SICUs as well until the peak flux of patients

wanes. Source: From Ref. 2.
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drugs for rapid sequence induction (RSI) in the majority of
trauma patients (see Volume 1, Chapters 8, 9, and 19). These
as well as other routine anesthetic drugs (often required
after stability is achieved in trauma patients) should be
readily available in prelabeled and dated syringes. Easy
access to the hospital pharmacy is necessary for some of the
less commonly required drugs (e.g., recombinant factor
VIIa, DDAVPw, etc.).

Computerized order entry and/or utilization of a
central tube system can expedite procurement of infre-
quently used drugs in large institutions. A “crash cart” con-
taining all emergency drugs and devices used in Advanced
Cardiac Life Supportw (ACLSw) and or Advanced Trauma
Life Supportw (ATLSw) must be readily available.

Supplemental controlled substances are often locked
in nearby cabinets (which members of the trauma anesthesia

team must have access to). A computerized drug delivery
system (e.g., Pyxisw) works well in many places for less fre-
quently used items. However, drugs and equipment that
might be required in an emergency should never be placed
in a system that does not allow immediate accessability.
Some of the pharmacologic agents commonly used during
trauma resuscitation are listed in Table 2.

Communication
The TRS can be a high-stress environment in which resusci-
tation decisions need to be made expeditiously and often
with dynamically changing priorities. The importance of
clear communication among the trauma team members
cannot be over emphasized. An essential component of
trauma OR and TRS preparedness is the establishment
of a robust communication system with clear lines of

correspondence throughout all stages of management.

Figure 5 Trauma airway equipment. The basic and

advanced airway tools needed for emergency trauma airway

management are contained within the code bag (background). The

items needed for intubation (laryngoscope with various blades,

stylets, and endotracheal tubes) of various sizes, as well as tools to

assist ventilation [oral and nasal airways, bag-valve-mask (BVM)

ventilation devices], suction, and oxygen tubing are all prepared

ahead for easy access. Induction and resuscitation drugs as well as

materials for awake intubations as well as emergency airway aids

(laryngeal mask airways, esophageal-tracheal combi tubes, etc.)

are contained in separate compartments. Tools to confirm endo-

tracheal position of the ETT (e.g., end tidal CO2 detectors and

esophageal detector devices) are also mandatory. A surgical airway

(e.g., cricothyroidotomy) kit should also be included. However, an

additional dedicated cricothyroidotomy–tracheostomy tray should

be available in the trauma resuscitation suite.

Figure 6 Transport ventilator. The key elements of a transport

ventilator include reliability, simplicity, portability (i.e., battery

powered) and durability (can take abuse). The transport ventilator

shown in this figure, the Pulmonetic Systems LTV 1000

(Minneapolis, Minnesota, U.S.A.), has been in continuous use for

three years at the UCSD Trauma Center. The device is capable of

ventilating a patient for six to eight hours on a full battery charge.

However, the two “E” cylinder O2 tanks only provide flow for

about 45 minutes. Longer periods of use require an external O2

source or changing the O2 cylinders. The device can deliver

volume control or pressure control and provide positive end

expiratory pressure (PEEP) with flows up to 100 L/min (higher

flows on tanks will result in less time between the need to replace

the O2 “E cylinder”).
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Initial communication begins with a call by the emer-
gency medical service (EMS) system to the control desk
(telecommunication control center) of the ED. Major
trauma centers have devised different methods of announ-
cing the arrival of traumatized victims to their team
members. Whatever the terms of announcement, there
must be a designated triage protocol so that all appropriate
members of the trauma team arrive at the “trauma bay” to
attend to the patient in a timely fashion.

Most modern trauma centers have worked out clear
lines of communications between the hospital base station,
the TRS and the EMS responders in the field. However, in
disaster situations, where the number of patients over-
whelms the care takers and outside agencies are called in
to help, problems with communications between agencies
remain an issue. Thus, local communities must have drills
with their affiliate disaster partners to work out command
and communication logistics ahead of time.

The U.S. military currently possesses the most
advanced, sophisticated, and robust communication systems
ever developed. These units can communicate via satellite at
all levels of care within the patient management chain of
command within their branch of the military. However,
communication problems continue to exist among the

Table 1 Airway Supplies—Essential on the Emergency Trauma

Airway Cart

Conventional airway equipment Difficult airway equipment

Airway adjuncts LMA

Oral airway Disposable

Nasal airway Intubating

Esophageal obturator ETC

Pharyngotracheal Fiberoptic bronchoscope

Laryngoscope Fiberoptic laryngoscope

(e.g., Bullard

laryngoscope)

Straight blade (Miller)

Size 2 and 3 Cricothyroidotomy kit

Curved blade (McIntosh) Light wand

Size 3 and 4 Retrograde kit

Endotracheal tubes

Sizes: 5.0–8.0 mm

Malleable stylet

Bag-valve-mask

Different size masks

PETCO2 detector device

Esophageal detection device

Abbreviations: ETC, esophageal tracheal combi tube; LMA, laryngeal

mask airway.

Figure 7 Invasive procedure cart. Seen here is a cart that

holds various trays containing sterile instruments and supplies

needed for invasive trauma procedures. Trays include, but are not

limited to, an open chest tray, a thoracentesis tray, and a pediatric

and adult tracheostomy tray. Other trays include a laceration tray

with a variety of different sutures and other sterile instruments

that may be used for exposure/intervention. Most trauma teams

will have a dedicated mayo stand (not shown) holding a sterile

prepackaged trauma resuscitation tray that is ready in case an

emergency patient requires its use. The tray contains local

anesthetic, shaving equipment, gloves, betadine prep, and a variety

of needles, syringes, and blades. These can be used to assist in a

variety of procedures including resuscitative thoracotomy, chest

tube placement, diagnostic peritoneal lavage, or repair of a

bleeding laceration.

Figure 8 Intravascular lines and indwelling tubes cart. Located

centrally between the several trauma resuscitation bays

is the “lines and tubes” cart. This cart contains central lines,

arterial line kits, intravenous fluids, a variety of chest tubes, Foley

catheters, and pleurivac devices. In addition, the ancillary

associated supplies are housed here, including sterile towels,

gloves, and local anesthetic. Some splinting supplies are also

housed here.
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various branches (i.e., air force, army, navy, national guard)
from time to time. Unification of frequencies, equipment, ter-
minologies, and protocols need to occur within these various
institutions to improve patient management in large casualty
situations (where interbranch cooperation is most likely to
occur).

Preassigned Roles of TraumaTeam Members
A critical component of TRS and trauma OR readiness

is the continuous availability of a trained team whose goal
is to provide the initial management of incoming trauma
victims.

The hospital-based trauma team must be prepared to
perform their responsibilities prior to arrival of the injured
patients and must posses the skills, equipment, and
support necessary to accomplish this objective. The core
trauma typically consists of personnel as described in
Table 3. Optimally, trauma team members know their own
tasks as well as the skills and responsibilities of other
squad members.

The core members of the trauma team assigned to
receive and treat incoming patients consist of a team
leader (referred to as “Dr. #1” in ATLSw parlance) along
with one or two other doctors who assist “Dr. #1.” The
team leader is usually a trauma surgeon, but can be an
anesthesiologist, ED physician, or other trauma-trained
doctor. Generally, two nurses, a respiratory therapist,
radiographer, and a medical record keeper assist the team
leader.

The trauma team leader should be the most experi-
enced team member present. However, in training hospitals
this role is rotated among the trainees, although senior
backup is always available. Before the patient arrives in
the hospital, information is relayed from paramedics to the
team leader, which helps to coordinate and establish priori-
ties for investigation and management.

Apart from directing team members in their actions,
the team leader is responsible for obtaining the medical
history from the paramedics and the patient (when able),
establishing treatment priorities, consulting with other
specialists, speaking to relatives, as well as educating and
debriefing team members. The team leader may later serve
as the point person to give information to family and
friends along with social worker, clergy, etc. Optimally, the
leader’s role should not be superseded by other late-arriving
members or senior staff unless specific needs arise. Main-
taining a single team leader for the duration of the resuscita-
tion avoids confusion for the team members (see Volume 1,
Chapter 6) and provides continuity of care (minimizing the
chance of missing trends in care, losing important infor-
mation, and inappropriately repeating studies to demon-
strate previously recognized conditions).

Members of critical affiliated units that often receive
trauma patients emergently [e.g., CT scanner radiologist
and technologists, intensive care unit (ICU) staff, and the
OR team] also need early notification of the trauma
victim’s imminent arrival. The key principle of good com-
munication among the trauma team members is that the
ED physician, trauma surgeon, anesthesiologist, ICU team,
and nurse leaders remain in close contact, and all work to
ensure that the other team members are apprised of
relevant events as they evolve.

Noise Level Expectations
An appropriate professional working environment without
excessive confusion and noise is part of team preparation
and readiness for trauma. Noise in the TRS should be kept
to a minimum so that the voice of the team leader can
easily be heard by all, and assessments from other team
members can be relayed back without competing for
volume. The ambient noise level is generally inversely
related to the aggregate experience and coordinated activity
of the trauma team. The more experienced, the better co-
ordinated; and, generally, the lower the level of ambient
noise, the quieter the conduct of the resuscitation process.
Sounds of pandemonium provoke anxiety in the patient
and diminish the efficiency of the team members.

The record keeper should call out vital signs every 3 to 5
minutes (more frequently if deterioration in vital signs
occurs) and everyone must be able hear these. The tone and
volume should not change as the patient’s condition
becomes dire. Knowledge, training, and practice are import-
ant elements for efficient management of the injured patient
by the trauma team (see Volume 1, Chapter 6). The key to
maintaining cutting-edge team performance is the frequent
practice that occurs in centers with large numbers of trauma
patients. In other institutions, where trauma patients come
less frequently, the trauma team members may need to prac-
tice resuscitation drills on an ongoing basis to stay sharp.

ATLS Training of Personnel
Trauma team preparation occurs at many levels, but perhaps
of greatest importance is that each team member be funda-
mentally sound in terms of their knowledge and training
in trauma and resuscitation. The ATLS course developed
by the American College of Surgeons-Committee on
Trauma (ACS-COT) is an important training tool for health
care providers involved in the care of the trauma patient
(6). It teaches a well-established lexicon of specialized
terms and approaches trauma care in a systematic manner,
with widely accepted diagnostic and treatment method-
ologies. Additional staff, outside those listed in Table 3,
may need to be mobilized to provide ancillary services

Table 2 Common Pharmacologic Agents Used in Trauma Resuscitation

Inotropic Chronotropic Vasopressors Buffers Sedative/hypnotic Analgesic

Dobutamine Atropine Epinephrine NaHCO3 Propofol Fentanyl

Dopamine Glycopyrrolate Norepinephrine THAMw Etomidate Morphine

Epinephrine Isoproterenol Ephedrine Carbicarb Ketamine

Calcium Phenylephrine Midazolam

Amrinone Vasopressin Thiopental

Milrinone
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Table 3 Responsibilities of Trauma Team Members

Team member Preadmission Primary survey Secondary survey

Doctor 1a (head of bed) Puts on lead apron

Assigns roles

Checks intubation equipment

Gives preadmission plan

Orders consults

Identifies self to paramedics

Initiates eval./manages

airway

Immobilizes neck/C-spine

Directs team members

Decides # of IVs, orders type

and amount of blood/fluids

and medications

Prioritizes x-rays and

procedures

Orders lab work

Orders consults

Does head to toe/back exam

Reads x-rays

Decides disposition

Talks with family

Doctor 2 (side opposite

monitoring nurse)

Puts on lead apron

Prepares a tray

Assists with airway

Establishes additional IV

access

Manual control of bleeding

from head/neck/torso

Performs diagnostic

procedures

Assists with clinical exam

Assists with drawing blood

Inserts monitoring lines

Doctor 3 (left leg) Puts on lead apron

Prepares trays

Undresses patient

Assesses need for Foley

Does rectal exam unless

contraindicated

Applies warm blankets

Examines lower extremities

Immobilizes fractures

Draws blood

Does hem-occult test

Doctor 4 (right leg) Puts on lead apron

Readies supplies

Helps undress patient, inserts

Foley

Controls bleeding from lower

extremities

Assists with procedures

Does urine dip tests for blood

Obtains urine for lab testing

Monitoring nurse Writes MIVT info on board

Sends out trauma page

Puts on lead apron

Flushes IV lines

Readies videotape

Pulls trauma “aka” packet

Assists with airway

Assesses radial pulse and

takes BP

Gives vital signs Q 2–3

minutes

Assesses IV patency and

numbers IV bags

Applies ID arm band

Gives meds and IVs

Updates hemodynamic

monitoring information

(fluids, ABG, meds)

Accompanies and monitors

patients on transports

Circulating nurse Puts on lead apron

Flushes and cal’s A-line

Connects suction (Yankauer)

Gets warm blankets

Ensures blood is processed

Readies pleuravacs and

autotransfusion

Directs attainment of supplies

Assists with procedures

Places ECG leads

Readies transport equipment

Calls other departments

Takes temperature

Trauma tech Readies (ice, tubes, syringes)

for blood drawing

Readies videotape

Places patient info in log

Assists with obtaining

equipment

Collects valuables and clothes

Processes valuables and

clothes

Takes lab work to blood bank

and labs as “trauma STAT”

Pages consults, answers phone

MD consultant-

(anesthesiologist)

Checks MIVT data re:

anticipated airway needs

Prepares airway equipment

Airway and ventilation

management

Resuscitation assistance/
advice

Sedation/analgesia advice

Airway and ventilation

management

Ongoing resuscitation,

sedation, and analgesia

assistance/advice

MD consultant-2

(neurosurgeon)

If anticipated CNS injury Brain and spinal cord

evaluation

Completes neurological

evaluation

MD consultant-3 (surgical

subspecialties)

Often required: orthopedics,

ENT, max/face, plastics

Evaluates and treats area of

specialty

Evaluates and treats area of

specialty

aIn most U.S. resuscitation suites, a surgeon is the team leader. However, in several U.S. hospitals the anesthesiologist performs this role (e.g., Children’s

Hospital Health Center, San Diego, California, U.S.A.). Furthermore, in Europe and Canada, anesthesiologists are usually the team leaders.

Abbreviations: “aka”, also known as; ABG, arterial blood gas; BP, blood pressure; CNS, central nervous system; ECG, electrocardiogram; ENT, ears, nose, and

throat; IV, intravenous; Meds, medications; MIVT, mechanism-injuries-vital signs-treatment.
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when numerous severely injured patients arrive, and all
should have current ATLS certification.

With practice, the trauma team functions as an
efficient and rhythmic “orchestra” with different members
performing individual roles in a “parallel” fashion.

In light of the current global threat of terrorism, all
trauma teams should be equipped with at least some
additional training to treat victims of chemical, biological,
and nuclear disasters. The key considerations in training in
this area should include magnitude and type of injury, the
risk to providers of exposure and personal injury, integration
between the hospital and the EMS in terms of the regional
disaster plan, and increasing the specific knowledge at an
individual practitioner level (7).

Laboratory Support
Trauma readiness requires that all supporting services are
available 24 hours a day. Indeed, because many trauma
emergencies occur during off hours, it is essential that the
laboratory support services can function at a high level
when daytime managers and extra workers are not
present. The laboratory services that are most important
during the initial, TRS period include the blood bank, the
arterial blood gas (ABG) and clinical labs, radiology, and
ultrasound services. Members from each of these services
should be specifically assigned “on call” in-house to
respond to incoming trauma.

Blood Bank
Close support from the blood bank is critical during every
stage of trauma care, but especially at initial presentation
and during the first hours of care. All tubes and required
labeling must be available before the patient arrives. A
clearly labeled and documented blood specimen from the
patient should be sent to the blood bank as soon as possible.
In case of massive hemorrhage, O-negative blood should be
available immediately, and type-specific blood should be
available within 10 to 15 minutes of the patient’s arrival.
Many centers will use O-positive blood in males if type-
specific blood is not available. A fully crossmatched unit of
packed red blood cells (PRBCs) typically requires around 45
minutes for completion. Fractionated blood products, such
as fresh frozen plasma, platelets, and cryoprecipitate may
also be required to treat coagulopathy in a trauma patient
with multiple injuries. To minimize delays, communication
with the blood bank must be optimized, and blood-sampling
supplies must be ready-to-go prior to patient arrival.

Clinical Laboratory
The minimal laboratory tests required for the traumatized
victim include (i) hematocrit; (ii) platelet count (obtained
with complete blood count); (iii) coagulation profile [pro-
thrombin time (PT), partial thromboplastin time (PTT), inter-
national normalized ratio (INR)]; (iv) ABG (which typically
includes pH, PaO2, PaCO2, base excess, estimated HCO3

2,
electrolytes, ionized [Caþþ], and glucose); (v) electrolyte
measurement (if not ordered in ABG) and BUN/Cr.
Urinary pregnancy test should be obtained in young fertile
females of childbearing age.

Supplemental laboratory tests, for example, repeat
ABG, lactate levels, toxicology screen, troponin-I, and so
on may be ordered based on medical history, clinical presen-
tation, and resuscitation course. Using point-of-care testing
can reduce turn around time in severely traumatized victims,
where time is short. As with the blood-bank materials, blood

sample tubes and labels must be available prior to the
patient’s arrival, and the patient’s identifying information
must be clearly and expeditiously stamped or printed on
the STAT laboratory form to avoid needless delays. Some
trauma centers will provide all incoming trauma patients
with a preassigned trauma name and medical record
number that is used for the initial resuscitation, helping to
expedite all laboratory testing. Modern computer systems
are capable of crosslinking the fictitious trauma name with
the patient’s old medical records, if known, to learn infor-
mation about allergies, medications, and other important
historical information.

Radiology
Immediate availability of the radiology technician is manda-
tory during the initial evaluation and management of the
trauma victim. To facilitate this, the radiology department
needs to be alerted to the patient’s imminent arrival. The
minimal initial radiological studies include a plain radio-
graph of chest and pelvis and lateral view of the cervical
spine (Volume 1, Chapter 15). The radiology technologist
should be proficient in obtaining optimal views of these
and all other commonly injured areas to avoid wasting
time re-taking radiographs. Most trauma centers have CT
scanners located nearby or adjacent to the TRS. In the
future, CT scans will likely be physically located within the
TRS (this is already true for some centers). Interventional
radiologists should be available within a reasonable time to
help diagnose and control retroperitoneal hemorrhage and
arterial (especially aortic) injuries that may require
imaging beyond the helical CT scanner.

Ultrasonography
Ultrasonography is a valuable and sensitive tool for evaluat-
ing trauma patients. The use of this technique requires oper-
ator experience and training that are crucial for successful
performance and interpretation of results. The ultrasound
device and the technician should be present upon the
patient’s arrival. A portable focused abdominal sonography
for trauma (FAST) exam can be used to quickly assess the
abdomen for free intraperitoneal fluid (which is usually
hemorrhage in a patient admitted with severe hemodynamic
compromise or obvious shock) (4,5). The FAST exam of the
abdomen, pelvis, and pericardial sac can be quickly accom-
plished to rule out hemorrhage. At the same time, several
other critical intrathoracic considerations can be evaluated,
including left ventricular contractility, left ventricular
volume, the degree to which any pericardial fluid is causing
tamponade physiology, and, in addition, whether a large
hemothorax or pneumothorax can be seen. Surface ultraso-
nography is also useful in the assessment of fetal viability
in a pregnant trauma patient. To evaluate the aorta, and to
better interrogate the left and right heart chambers, a transe-
sophageal echo (TEE) exam can be utilized in patients
without esophageal injuries.

INTRAHOSPITALTRANSPORT

Having a designated transport protocol for trauma patients
constitutes another basic criterion for TRS readiness. In most
institutions, the trauma resuscitation team transports the
patient to the radiology suite or the SICU. Trauma surgeons,
anesthesiologists, or ED physicians can head this initial
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resuscitation/transport team, depending upon the situation
and institutional protocols. The fundamental considerations
for transport are: (i) the patient is stable enough to endure
the proposed transport; (ii) patients will be fully monitored
(at least to the level provided in the TRS); (iii) resuscitation
intensity will be continued (if needed); (iv) conditions will be
set that will trigger immediate transport of the patient back
to the TRS or on to the trauma OR.

Prior to intrahospital transport, patients should be
evaluated fully, and during transport the monitoring levels
should be at the same level or higher than used in the TRS.
To be truly prepared, data management and coordination
of care are other issues that must be solved before patients
arrive. Additional transport considerations are reviewed in
Volume 1, Chapter 7.

Pretransport Patient Evaluation
Timely evaluation and resuscitation are crucial to achieve a
satisfactory outcome in trauma patients. The “golden
hour” represents the window of opportunity for institution
of life-saving measures and prevents death (8,9). A schema
recommended by ATLS course includes primary survey
(PS), resuscitation, secondary survey (SS), monitoring and
evaluation, and transfer to definitive care. The PS is per-
formed to identify immediately treatable life-threatening
injuries (Volume 1, Chapter 8). The PS and resuscitation are
performed simultaneously. The PS consists of A-Airway
maintenance with cervical spine protection, B-Breathing
and ventilation, C-Circulation with hemorrhage control, D-
Disability, and E-Exposure and environmental control (6).

A key principle for reducing trauma morbidity and
mortality is the establishment of a clear airway early on in
patients who need it. Airway management is more com-
plicated in acutely traumatized patients for several reasons.
Unlike the elective surgical patients, the trauma patient
can present to the ED or the trauma OR without prior
evaluation of the airway. Patients may have sustained
multiple injuries including trauma to the cervical spine
(C-spine) or face. Patients may arrive at the hospital having
just had large meals or a stomach full of alcohol. Definitive
airway management is fully reviewed in Volume 1,
Chapter 9.

Accordingly, the airway equipment must be prear-
ranged in the TRS in an organized fashion. Respiratory insuf-
ficiency can result from direct causes: pulmonary contusion,
penetrating injury, blast injury, or smoke inhalation. Lung
injury can also result from indirect causes: sepsis, fat embo-
lism, reaction to blood products, reaction to drugs, and
tissue ischemia. Failure to maintain a patent airway for more
than a few minutes can lead to brain injury or death and con-
stitutes the single most common cause of anesthesia-related
morbidity and mortality (13).

The goals of circulatory management during the PS are
to evaluate the patient’s hemodynamic status while control-
ling hemorrhage and restoring adequate systemic perfusion.
Integral to this assessment is palpation of the pulse for
rate, rhythm, and character. All elements of the circulatory
status must be evaluated prior to transport. On the basis of
the clinical assessment of hemodynamic status, patients
can be classified into different stages of hemorrhagic shock
(Volume 1, Chapter 8) (6, 30).

Arterial lactates and base excess can serve as surrogate
markers of systemic tissue perfusion and both have
been demonstrated to be predictive endpoints of resuscita-
tion for trauma patients. Volume 1, Chapter 12 (initial circu-

lation assessment and shock prevention) and Chapter 18
(ongoing resucitation endpoints and strategies) provide
additional insights (31–33). Changes in preload are most
marked in the hypovolemic state and are reflected in the sys-
tolic arterial pressure variation (SPV) (34).

A TEE probe can be placed following intubation to
provide the best assessment of intravascular volume, myo-
cardial contractility, and regional wall motion abnormalities
associated with myocardial contusion or ischemia. The TEE
can also be used as a diagnostic tool to evaluate pericardial
tamponade, aortic injury, as well as large pulmonary
embolus in an unstable patient (35). However, the TEE is
not currently used to monitor hearts during transport.
Other alternatives to thermodilution technique through a
PA catheter include esophageal Doppler, Fick principle
using carbon dioxide, and pulse-contour analysis (36).

Intraosseous infusion routes may be used to deliver
fluid into venous drainage of the bone marrow if all periph-
eral veins are collapsed (37). Large-bore introducer sheaths
(9 French) for PA catheters placed percutaneously in large
central veins provide access for rapid administration of
fluids and reduce the need for cut-downs (Volume 1,
Chapter 10) (38).

Buffered salt solutions such as LR have been favored
resuscitation fluids for years (39), though they are associated
with upregulation of inflammation (Volume 1, Chapter 11).
The excessive use of normal saline is associated with develop-
ment of hyperchloremic metabolic acidosis (40,41). Newer
formulas involving hypertonic saline (HS) and phosphodi-
esterase inhibitors (PTX) are being studied to decrease end-
organ damage (Volume 1, Chapter 11); all of the appropriate
fluid choices need to be immediately available in the TRS.

Transport Monitoring
Trauma patients frequently require transportation to a
radiology suite for evaluation of injuries. Before leaving
the trauma bay, the patient should be evaluated for ade-
quacy, of airway, breathing and circulation, and response
to initial interventions. Fractured extremities should be
appropriately splinted prior to transport to minimize pain,
blood loss, and the potential for further injury. Nonsplinted
extremities can promote conversion of a closed fracture into
an open one, or the progression of injury to arteries and
nerves, or the development of a compartment syndrome
(which in turn can cause neurovascular damage and/or
rhabdomyolysis), see Volume 1, Chapter 29.

The patient with compensatory or occult shock may
develop sudden decompensation without much warning.
Unstable patients with clear mechanism of injury may be
transported directly to the OR for “damage control,” and
then may either be brought to the radiology suite for further
evaluation or intervention, or transported to the ICU. There
is good evidence that the transfer of patients to and from
the OR is associated with instability, especially the develop-
ment of hypoxemia (42). Waddell found that 8.1% of intrahos-
pital transports were associated with severe complications
due to transport (42). Observation and monitoring during
transportation should be done in accordance with local hospi-
tal policy; however, the standards should never be lower than
those that apply in the ICU and the OR (43).

Data Management
The management of a trauma patient generates a vast
amount of clinical data. The trauma flow sheet provides a
comprehensive record of the patient’s condition from
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initial presentation to final disposition, including during
transport. It also provides information about the nature of
interventions and diagnostic studies ordered in the trauma
bay. Results of various laboratory tests, for example, hemo-
globin, ABG, coagulation profile, and so on, should be
clearly recorded in the trauma flow sheet. A number of
injury severity scales, including ASA physical status,
revised trauma score, Glasgow Coma Scale (GCS) score
and injury severity score (ISS) form an integral part of the
trauma resuscitation database (see Volume 1, Chapter 4). A
well-designed trauma flow sheet provides an easily
reviewed snapshot of the patient’s course in the trauma
bay. Appropriate and timely documentation of the results
of studies, for example, C-spine radiographs, is extremely
useful in the subsequent management of the trauma patient.

Coordination of Care
In the pretransport phase, the trauma team leader is respon-
sible for planning the sequence of evaluation and treatment
and for ensuring coordination among various groups,
including the OR, the radiology department, and appropri-
ate consultants. The families must be informed of pertinent
findings and plan. In some situations, families are included
during the resuscitation (46). Due to the dynamic nature of
the pathophysiology of multiple injuries in a patient,
sudden decompensation in the patient’s condition may
only manifest for the first time during transport to or in
the radiology suite. The trauma nurse and respiratory thera-
pist accompanying the patient must inform the team leader
of any sudden change in the patient’s condition. Immediate

interventions, such as airway support and fluids may be life
saving in this situation. Movement of the patient from the
stretcher to the radiology table and back must be well coor-
dinated to protect cervical spine, fractured extremity, and
airway.

PHYSICAL PLAN OF TRAUMA OPERATING ROOM

The ACS Optimal Resources for Care of the Injured Patient: 1999
states that a level-I and II trauma center should have an OR
that is “adequately staffed and immediately available 24
hours a day.” This dedicated trauma OR can be quickly uti-
lized to treat multiple injuries in trauma patients with
minimal prearrival notification. The economic and man-
power feasibility of the dedicated trauma OR has been a
topic of debate in the literature (47).

Ideally, the trauma OR should be located nearby or
adjacent to the TRS to minimize transportation time for an
unstable trauma patient. The schematic plan of a civilian
level-I trauma OR, displayed in Figures 9 and 10, is a photo-
graph of a dedicated trauma OR. An ergonomic arrange-
ment of equipment is helpful for both patient and
physician well being. Locating the lead aprons outside the
trauma OR (Fig. 11) is helpful in facilitating the use of protec-
tive lead gowns prior to putting on their sterile OR attire.

Depending upon availability of personnel, each
trauma OR will have a dedicated team to support the
trauma surgeon, consisting of a trauma anesthesiologist,
anesthesia resident, circulating and scrub nurse, and

Figure 9 Schematic drawing of a dedicated

trauma operating room (OR). This illustration

displays the equipment and materials

needed to care for trauma patients arranged

around the centrally placed OR table. In addition

to containing all of the supplies and equipment

available in the trauma resuscitation suite, the

trauma OR equipment needs include an anesthesia

machine and other surgical supplies.
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anesthesia technician. Depending upon the nature of the
injury, additional OR personnel can be mobilized, for
example, perfusionist and cardiac surgeon. A dedicated
trauma OR provides a heightened level of preparedness in

caring for injured patients, especially in penetrating torso
trauma, where emergency surgery is most frequently
required.

In a military setting, the TRS and the trauma OR are
combined when positioned in austere environments near
the frontline. The physical layout depicted in Figure 3

shows the configuration recommended for NATO military
units (described in greater detail later). The equipment
needs will be similar between both civilian and military
systems. However, the luxury of abundant supplies and
resources found at civilian trauma centers is not practical
in a military TRS/OR located near the battle zone.

Equipment
Anesthesia Machine and Anesthesia Cart
The trauma anesthesiologist should prepare the airway and
intubation “tools” ahead of time, as outlined in Volume 1,
Chapter 9. The anesthesia cart will contain routine and emer-
gency drugs and conventional airway equipment. The diffi-
cult airway equipment is stored in a separate difficult airway
cart. Table 1 summarizes the airway equipment necessary to
manage a difficult airway. The anesthesia machine in the
trauma OR should be capable of applying positive-end
expiratory pressure (PEEP) as well as providing pressure-
limited mode of ventilation in a difficult-to-oxygenate
patient with poor lung compliance. The function of these
devices is confirmed by the trauma anesthesiologist ahead
of time.

Fluid-Warming Devices
Blood and fluid warmers are essential components for any
major volume resuscitation, as the rapid transfusion of
cool fluids negatively affects resuscitation efforts. A rapid
infusion device should be available to administer fluid and
blood at the rate of 300–400 mL/min, at the same time effec-
tively warming the fluid. Additional focused discussion on
fluid requirements is provided in Volume 1, Chapter 11,
and the initial resuscitation goals are reviewed in Volume
1, Chapter 12.

Procedure and Invasive Line Carts
Invasive procedures, such as resuscitative thoracotomy,
surgical airways, and so on, are commonplace in trauma
resuscitation. The instruments and equipment needed for
these procedures should be readily available when needed.
One of the best ways to ensure that the various items are
available is to package the instruments and equipment in
specialized trays and store them on a trauma procedure
cart (Fig. 7).

In a similar fashion, invasive lines and tubes are
placed during resuscitation for rapid replacement of
volume and monitoring. The commonly utilized tubes and
invasive lines are optimally prepackaged and stored on
special “lines and tubes” carts (Fig. 8). The initial goal is to
place two large-bore IVs as soon as the patient arrives.
The placement of an intra-arterial catheter will allow the
anesthesiologist to have real-time data on blood pressure.
Sites commonly used include the radial and femoral arteries.
Different sizes (12–20 gauges) of intravenous and arterial
catheters should be readily be available on the “line and
tubes” cart (Fig. 8).

Central venous catheters are placed for monitoring
central venous pressures and evaluation of cardiac function.
Common sites for entry into the central vasculature are:
the internal jugular, subclavian, and femoral sites. Use of
the Seldinger technique for rapid placement of an 8- or
9-French catheter introducer sheath does not require cut-
down. A short 8.5 French catheter is currently available
that allows flows of 300–400 mL/min of crystalloid or
blood. Using vascular guide wires and vessel dilators, a

Figure 10 Trauma operating room (OR) at UCSD Medical Center.

The trauma OR at UCSD Medical Center (a level-1 trauma center)

is located on the same floor as the surgical intensive care unit and

the trauma bay. The OR resuscitation room serves those patients

who are deemed hemodynamically unstable during transport to the

trauma center or have sustained certain injuries (e.g., gunshot

wounds to the torso). This operating room is specially outfitted

with built-in digital imaging machines and has OR surgical sets and

anesthesia set up that are ready to be used as soon as the patient is

brought in by paramedics.

Figure 11 Lead aprons and thyroid shields hanging on rack

outside the trauma operating room (OR). This figure displays

lead aprons and thyroid shields hanging on a rack on the right side

of the door leading into Trauma OR #11 at the UCSD Medical

Center. On the left side of the door is a cart containing the hats,

booties, and gowns to be placed on top of the lead shields.
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smaller (18 or 14 gauge) venous cannula can be rapidly
converted to such large volume systems. Line carts contain-
ing all of the necessary items required to perform these out-
lined procedures must be available.

Other Equipment
Other equipment in the trauma OR may include multiple
infusion pumps for infusions of inotropes and vasopressors,
autotransfusion devices to collect and process salvageable
blood for auto-transfusion, devices for pacing and defibrilla-
tion, and/or an esophageal Doppler probe for hemodynamic
evaluation, casting, immobilization, thoracostomy, and so on.

Pharmacologic Agents
Routine anesthetic practices and drugs can be easily
modified for use in trauma patients. The anesthesia team
is well aware of the potential side effects of some drugs
that produce hypotension, cardiac arrhythmias, increased
intracranial pressure, and rapid arterial oxyhemoglobin
desaturation. These problems can be simplified and antici-
pated by careful evaluation of the patient’s volume status
and injuries to the specific organ systems. Almost all anes-
thetic induction drugs can be used in a properly volume-
resuscitated patient. However, during the initial period fol-
lowing an injury, the patient may not be properly volume
resuscitated.

Two commonly used induction drugs with the least
significant vasodilator effects are etomidate and ketamine
(48–50). These drugs, especially etomidate (with minimal
myocardial depressant actions) should be available in all
trauma induction areas. Other drugs, such as propofol and
thiopental should be avoided, and when used must have
their doses drastically reduced in hypovolemic patients. In
these patients, the dosages that are necessary to produce
unconsciousness are similarly decreased, due to reduced
circulating volumes, relative hypoalbuminemia, and other
considerations (51). Thus, close titration of drug adminis-
tration during anesthesia is the keystone of therapy.

For maintenance of anesthesia, fentanyl and its analogs
are the most commonly used agents. Standarized dosage
regimens are inappropriate for the care of trauma victims.
In these patients, the degree of hypovolemia, intensity of sur-
gical stimulus, and the autonomic and somatic responses to
surgical and traumatic injury and concomitantly used anes-
thetics vary widely, necessitating individualized dosages.
Inhalation drugs (e.g., sevoflurane or isoflurane) play an
important part in the management of anesthesia (52).
However, nitrous oxide is typically avoided due to the possi-
bility of exacerbating the expansion of extra-anatomic air in
the thorax (pneumothorax), brain (pneumocephalus) or
abdomen (abdominal compartment syndrome). A compre-
hensive review of the pharmacology of anesthetic drugs
and the decision-making regarding their roles in various
trauma conditions is provided in Volume 1, Chapter 19.
These topics are briefly mentioned here only to ensure the
presence of all useful anesthetic drugs and devices during
the resuscitation and treatment phase.

A full set of vasoactive drugs including those used for
ACLS should be available in the trauma OR. The vasoactive
drugs can be easily stored in a multiple drawer wheeled cart,
Syringe pumps and premixed solutions should also be stored
in this cart so that infusions can be rapidly started. The ingre-
dients for commonly used infusions should be assembled
ahead of time (but not necessarily premixed). Commonly
employed drugs that should be identified include:

dopamine, norepinephrine, epinephrine, phenylephrine,
and dobutamine. In addition, THAMw and vasopressin
should be available to administer as infusions to correct
severe metabolic acidosis and hypotension, respectively.
Table 2 summarizes the drugs that should be preassembled
and available in the trauma OR.

Laboratory and Blood Bank Support Personnel
Admission to the trauma OR should trigger release of
additional personnel to specifically assist with laboratory,
x-ray, and blood bank support. ABG analysis represents
the most commonly utilized laboratory test in the trauma
OR. In addition to the ABG measurement, the arterial gas
“analysis” provides information regarding hematocrit, elec-
trolytes (Naþ, Kþ, and Caþþ), glucose, and lactate measure-
ments for serial real-time intraoperative resuscitation of the
trauma patient. Specific individuals must be available to
carry stat samples to the ABG lab. Measurements of platelet
count, prothombin and activated partial thromboplastin
time, and fibrinogen are made on a periodic basis in a
patient with multiple injuries requiring massive blood trans-
fusions. Using point-of-care testing may reduce “turn-
around time” in a severely traumatized patient, where
time is of essence.

Close support from the blood bank is very important
during every stage of care of a trauma patient. Type-specific
or O-negative blood should be available from the blood bank
at short notice for a massively hemorrhaging patient (as
described earlier). Besides the need to physically carry
blood products between the blood bank and the OR, there
is often a need to help process the units at the blood bank.

All level-I trauma centers should institute “massive
transfusion protocols.” These protocols help expedite the
availability of blood and blood products in such cases (see
Volume 2, Chapter 59). Under these circumstances, help is
often needed to check-in units of blood in the OR and to
help administer those units. Similarly, fractionated blood
products, such as fresh frozen plasma, platelets, and cryo-
precipitate, will be needed to treat coagulopathy in a
trauma patient with multiple injuries. Blood supplied by
the blood bank must be clearly labeled, and there must
be clear communication regarding ongoing needs and avail-
ability between all team members. All of these tasks should
be predesignated to trained staff who will be available for all
resuscitations.

Additional Anesthesia Monitoring and
Support Personnel
It is essential for the anesthesiologist to have assistants
immediately available in the trauma OR. Good help, some-
time any help, may be difficult to find. Good help does not
necessarily require physician-level training. An anesthesia
technician who knows where things are kept and who can
quickly set-up various pieces of equipment (e.g., Cell
Saver, or rapid infusion devices or a TEG device) can be
invaluable in the trauma OR during initial resuscitation
and monitoring. Such resource people rarely get credit for
their invaluable help. A pool of such individuals should
receive on-going training. The nurses in the trauma OR
should also be available to provide assistance (e.g., taking
ABG samples to the lab and bringing blood products and
uncommonly used drugs and checking in blood products).
Close communication between different members of the
trauma OR team—surgeon, anesthesiologist, nurse, and
support personnel is extremely important.
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Because many trauma patients arrive at the OR on
short notice, a designated preprepared trauma OR allows
the trauma anesthesiologist to rapidly assume care of the
patient. For a hemodynamically unstable trauma patient
coming to the OR, resuscitation should begin prior to trans-
port and should be continued during transportation. The
team leader communicates with the trauma anesthesiologist
the mechanism of injury, results of the studies, and the
proposed plan.

The trauma anesthesiologist should be well versed in
dealing with complications, such as hemothorax, pneu-
mothorax, pericardial tamponade, anesthetic overdose,
hypoxia and hypoventilation, hypoglycemia, hypotension,
and full arrest. Volume 1, Chapter 17 reviews the details of
the preoperative evaluation and preparation and monitoring
consideration. Intraoperatively, the trauma anesthesiologist
plays a leading role in managing the resuscitation and
communicates with the trauma surgeon when instability
occurs, which would suggest the need for damage control,
rather than definitive surgery.

MILITARY RESUSCITATION AND OPERATING ROOM
CONSIDERATIONS

There are five “levels (previously known as Echelons) of
care” recognized by NATO for the management of battle
casualties (these are not to be confused with the ACS desig-
nation for trauma centers, which are inversely prioritized)
(2). In the NATO system, the lowest level of support and
treatment occurs at level I, and the highest is level V. An
increase in the level of care corresponds with expanded
availability of resources in the NATO system.

NATO level-I care is defined as that provided at the
site of injury by the soldier himself or by buddies. Also
included in this level are rudimentary medical treatment
facilities (MTFs), known as Battalion Aid Stations (BAS), or
Shock and Trauma Platoons (STP) where medics will be
available to provide advanced first aid, the life saving
therapy (e.g., chest tube insertion), and basic shock resuscita-
tion. Surgery is not available at this initial level of MTF.

Limited inpatient beds and surgical services are avail-
able at a level-II MTF. These include the U.S. Army Forward
Surgical Team (FST) (Figs. 12 and 13), the U.S. Air Force
Mobile Field Surgical Team (MFST), U.S. Navy Casualty
Receiving Treatment Ships (CRTS), and the U.S. Marine
Corps Forward Resuscitative Surgical System (FRSS) (Figs.
14 and 15). Although hostilities in Iraq and Afghanistan
have mainly changed from maneuver warfare to stabiliz-
ation and containment, military medicine stations such as
FST and FRSS level of MTFs continue to be deployed in
numerous areas in both countries.

In austere environments, the military MTF deployed
will vary in size and resources according to the nature of
the mission, the shape of the battlefield and, to some
extent, and branch of the military (e.g., army, navy,
marines, etc.), and the nation providing the service. So
despite the organization of levels of care, variability still
exists between services.

Soldiers involved in deep infiltration across enemy
lines will not have immediate access to a level-II MTF until
a medical evacuation (MEDEVAC) team brings them out,
usually by helicopter (see Volume 1, Chapter 7). Once mede-
vac’d out, the solider would be transported to level-II MTF
(e.g., army FST) or level-III MTF [e.g., army combat support

Figure 13 U.S. Army forward surgical team (FST) tent—interior

view. This interior view of a U.S. Army FST tent shows that it

would be used as both a resuscitation and operating suite. A very

small area on the opposite side of the trauma tent is relegated for

recovery (not pictured). The figure shows the frame for holding the

litter; below is a plastic bag to collect blood and fluids. Hanging on

the tent wall are various items utilized by anesthesiologists

including endotracheal tubes, laryngoscopes, and so on. Only one

surgical light is available in this FST tent. A “draw over”

anesthesia machine is seen in the bottom right and behind the litter

support structure. Numerous intravenous catheters are shown on

the tent wall hanging on top right. Airway equipment is hanging on

the tent wall center-right. On the floor is the anesthesia AMAL

(trunk that contains all the equipment during transport). Plywood

and plastic sheeting cover the floor to provide a sturdier surface and

to protect the tent bottom. Note electrical extension cords are

woven into upper corners of tent, and electricity comes from an

outside generator. Source: Photo courtesy of José A. Acosta, M.D.

Figure 12 U.S. Army forward surgical team (FST) tent—exterior

view. Highly mobile and rapidly erected, tents such as this are used

by FSTs deployed by the U.S. Army. The FST tent shown here is

manned by the U.S. Army FST deployed in Tarin Kowt,

Southwestern Afghanistan in 2005. Source: Photo courtesy of José

A. Acosta, M.D.
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hospital (CSH)] depending upon triage criteria, MTF proxi-
mity to the casualty, among other considerations. The level-
II MTF, such as the U.S. Army FST (Figs. 12 and 13) is and
the Navy/Marine FRSS (Figs. 14 and 15) would typically be
found near the front lines. These units must be mobile and
tend to be relocated as the battle plan and lines of control
evolve over time. The setup inside these level-II MTFs
(Figs. 13 and 15) is generally arranged according to the U.S.
Army (and NATO) authorized trauma bay configuration as
shown earlier in Figure 3. The equipment needs that have
been described previously must fit into the few storage and
transport trunks that are provided, as shown in Figure 3.

The MTF with the most resources in a combat zone is
found at the level-III care facilities (Figs. 16 and 17). These
facilities (e.g., CSH) have expanded diagnostic, medical,
and inpatient resources. A typical U.S. Army CSH has

Figure 15 U.S. Marine Corps forward resuscitative surgical

system (FRSS)—internal view. Inside view of an FRSS in Ramadi,

Iraq. An injured U.S. Marine has just been transported into the

FRSS; he is intubated, mechanically ventilated, and is receiving

intravenous fluids during the primary survey of his wounds.

Source: Photo courtesy of Joseph F. Rappold, CDR, U.S. Navy.

Figure 14 U.S. Marine Corps forward resuscitative surgical

system (FRSS)—exterior view. In the foreground are two pallets

containing all the equipment required for an FRSS. In the back-

ground is a fully erected FRSS tent in Ramadi, Iraq. Source: Photo

courtesy of Joseph F. Rappold, CDR, U.S. Navy.

Figure 16 Surgical intensive care unit (SICU) at the 325th

Combat Support Hospital (CSH). Inside the SICU, numerous

patients are cared for in an open ward setting. All major supportive

devices were available (except dialysis) at the time of this photo,

including mechanical ventilation, administration of parenteral and

enteral nutrition (as shown), and use of computed tomography

(though not available in nearby Kandahar). Most of the patients

cared for in this SICU are Iraqis, as the vast majority of critically

wounded American soldiers are flown to Landstuhl, Germany [to

Landstuhl Regional Medical Center (LARMC) a level-IV facility]

immediately following life-saving surgery, and then on to the

United States. At the time of taking this photograph, a transition in

the physical structure of the SICU had occurred from tents (Fig. 17)

to the plywood B-huts shown in this image. Source: Photo is

courtesy of José A. Acosta, M.D.

Figure 17 Aerial view of Afghanistan—the U.S. Army 325th

Combat Support Hospital (CSH) and Bagram Airbase. This photo

shows the interconnected reinforced tent-like structures in the

foreground comprising the emergency department, operating

room, and intensive care unit and main hospital wards of the 325th

CSH at Bagram Airbase (just North of Kabul, Afghanistan).

Clinics, administration, radiology, and full laboratory are also

present. In the background, top left, is the Bagram Airfield with C-

17s on the tarmac, and rows of Blackhawk helicopters configured

for medical evacuation and military operations lining the airport

perimeter on the left of the CSH complex. Source: Photo is cour-

tesy of José A. Acosta, M.D.
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numerous TRS/OR bays (Fig. 4) and a separate SICU,
(Fig. 16) computed tomography and hospital beds for over
200 patients. After emergency surgery at a level-II MTF
(e.g., FST tent as shown in Figs. 12–15) a patient may need
to be nursed in the same site where it would serve as a tem-
porary SICU until the patient is transported out to a level-III
MTF directly to a level-IV facility, and as dictated by the type
of injury and the combat conditions.

Outside of the combat zone, medical care is provided
by field hospitals and general hospitals at a level-IV MTF.
Level V care is found in the continental United States
(CONUS) in both the Department of Defense (DoD) military
and Department of Veteran Affairs (VA) hospitals.

The logistics of maintaining TRS and trauma OR readi-
ness in wartime conditions vastly exceed those encountered
in civilian practice. The additional logistical demands result
from supply lines that are long, and because reserves of
equipment and supplies must be minimized to balance
the mission needs of trauma casualty readiness with the
simultaneous combat requirements of mobility and rapid
redeployment.

EYE TO THE FUTURE

Major trauma remains one of the most common causes of
premature death in industrialized nations (53–55). The
future of trauma management lies in improving each
aspect of care including prehospital interventions, initial
resuscitation, OR management and critical care. The
advances in resuscitation, team management and the train-
ing using a systems approach, and telecommunications and
research will have a major impact on outcomes after injuries.

Some of the issues related to prehospital interventions
include the potential benefit of including a physician as
part of the prehospital trauma care team and improving
prehospital airway management, especially endotracheal
intubation (56,57). Advances in the research in initial resus-
citation will include novel approaches to treatment of shock
including oxygen -carrying synthetic fluids to improve and
sustain oxygen delivery, effective free radical scavengers to
mitigate effects of hypoxic reperfusion injury, and use of
modulated hypothermia to induce tolerance of ischemia
and cellular hypoxia. The impact of these strategies on
decreasing demand on limited blood bank resources and
decreasing disabling complications of trauma remain to be
seen. Advances in telecommunication technology and elec-
tronics will allow transmission of real-time images and
improve communication and distant decision-making.
Lastly, medico-legal and ethical implications of the
presence of families during trauma resuscitation remain to
be defined (46).

SUMMARY

Trauma remains one of the most common causes of prema-
ture death in developed and developing countries. The
keys to positive outcome in trauma resuscitation are organ-
ization and preparedness, team approach, and clear com-
munication and support from different members of the
multidisciplinary trauma team. Early establishment of a
clear airway and stabilization of circulation will reduce mor-
bidity and mortality associated with trauma. Most trauma
centers have designated Resuscitation Suites in the ED and

OR. With practice and exposure, the trauma team functions
as an efficient and rhythmic “orchestra,” with different com-
ponents performing individual roles in a “parallel” fashion.
Challenges in the 21st century for trauma care include evol-
ution of regional trauma systems, dealing with bioterrorism,
reducing medical errors, and developing cutting-edge
research to improve prehospital and inhospital outcome.

The advances in resuscitation, teamtraining (empha-
sizing systems approach), and telecommunications will
provide additional improvements in trauma outcomes.
Military planners are constantly working to incorporate
updated procedures and technology utilized in the civilian
sector. Transport ability and reliance on electrical power
are major constraints that must be overcome for each piece
of technology and equipment used in the battle zone. Both
civilian and military TRS and trauma ORs have the same
setup requirements to be prepared to handle incoming
trauma victims. However, the resources are generally more
limited in military settings during wartime. Preparation
of equipment and facilities prior to patient arrival is the
hallmark of top level care regardless of its setting.

KEY POINTS

Organization and preparedness, along with clear com-
munication and expert support from all members of
the multidisciplinary trauma team, constitute the keys
to success in trauma resuscitation.
The configuration of the NATO trauma bay is arranged
according to a predefined plan so that physicians,
nurses, and medic assistants from different countries
will know where items are expected to be located.
Whenever multiple trauma bays are located within the
same TRS, each one should be set-up in a similar (opti-
mally identical) fashion.
An essential component of trauma OR and TRS prepa-
redness is the establishment of a robust communication
system with clear lines of correspondence throughout
all stages of management.
A critical component of TRS and trauma OR readiness
is the continuous availability of a trained team whose
goal is to provide the initial management of incoming
trauma victims.
The ambient noise level is generally inversely related to
the aggregate experience and coordinated activity of
the trauma team.
With practice, the trauma team functions as an efficient
and rhythmic “orchestra” with different members per-
forming individual roles in a “parallel” fashion.
In the future, CT scans will likely be physically located
within the TRS (this is already true for some centers).
A key principle for reducing trauma morbidity and
mortality is the establishment of a clear airway early
on in patients who need it.
A dedicated trauma OR provides a heightened level of
preparedness in caring for injured patients, especially
in penetrating torso trauma, where emergency
surgery is most frequently required.
All level-I trauma centers should institute “massive
transfusion protocols.”
The advances in resuscitation, team training (emphasiz-
ing systems approach), and telecommunications will
provide additional improvements in trauma outcomes.
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INTRODUCTION

The role of effective teamwork in accomplishing complex
tasks is accepted in many domains. Similarly, there is good
evidence that the outcome in trauma care depends on effec-
tive trauma team performance. Teamwork during trauma
care can be deficient in a number of ways (Table 1), and
multiple deficiencies may interact to impair team success
and patient outcomes. This chapter focuses on understand-
ing, assessing, and improving trauma team performance.
Resuscitation of trauma patients is a specialized domain in
which critically ill patients are treated in a dedicated facility.
The need to train and evaluate the performance of trauma
teams has emerged as an important topic over the past
decade (1,2). Institutions must establish and continuously
validate their team-based trauma resuscitation procedures
to assure high quality care. This iterative evaluation must
include the review of secondary management, careful
delineation of team structure, comprehensive team training,
effective support structures, and continuous quality
improvement. This chapter reviews the state-of-the-art
methodology useful for the trauma team’s training,
evaluation, and improvement. Emphasis is placed upon
essential features and newer techniques, including computer
simulation and video-assisted analysis and debriefing.

Team training has a proven history in aviation and
military organizations. Recently, these experiences and tech-
niques have been utilized in medicine, including trauma
resuscitation and critical care management. Studies of avia-
tion teams revealed failures of coordination, communication,
workload management, loss of group situational aware-
ness, and inefficient resource utilization (3–6). Thorough
investigation of adverse events occuring during trauma
resuscitation revealed similarities to failures discovered
in aviation-related mishaps, both tending to be multifactorial
and complex (7–11).

Much of health care is performed by interdisciplinary
teams: individuals with diverse specialized skills focused
upon a common task in a defined period of time and
space, who must respond flexibly to contingencies and
share responsibility for outcomes. This is particularly true
of trauma care. Traditional specialty-centric clinical edu-
cation programs are deficient in team training, because
most assume that individuals acquire adequate competen-
cies in teamwork passively without any formal training.
Performance incentives in health care are targeted at
individuals and not at teams, as are job and other selection

and assessment processes (12). With a few exceptions,
risk management and liability data, morbidity and mortality
conferences, and even quality improvement projects have
not systematically addressed systems factors or
teamwork issues. Substantial evidence suggests that teams
routinely outperform individuals and are required to
succeed in today’s complex work arenas where information
and resources are widely distributed, technology is
becoming more complicated, and workload is increasing
(13,14). Nevertheless, our understanding of how medical
teams coordinate in real-life situations, especially during
time-constrained and crisis situations, remains incomplete.

TEAM DEFINITION AND RELEVANCE IN TRAUMA

One must distinguish between a group of individuals
sharing a common task (e.g., a jury) and a team (e.g., a
marching band, football team). A team is “a small number
of people with complementary skills who are committed to
a common purpose, performance goals, and approach for
which they hold themselves mutually accountable” (14).
Weick and Roberts (15) defined medical teams as “a
loosely coupled system of mutually interacting interdepen-
dent members and technology with a shared goal of
patient care.” Katzenbach and Smith (14) argued that any
performance situation that warrants a team effort must
meet three criteria: (i) Collective work products must be
delivered in real-time by two or more people; (ii) Leadership
roles must shift among the members; and (iii) Both mutual
and individual accountability is necessary. They go on to
assert that teams must have a specific team purpose (distinct
from that of its individual members), that they have shared
performance goals and a commonly agreed upon working
approach, and that a team’s collective work products are
generally used to evaluate the team’s performance (14).
Others have suggested that smaller teams (5–10 members)
are generally more effective than larger ones, partially due
to familiarity, cross-checking, and interdependence. Accord-
ing to Weinger, Effective teams possess five character-

istics of success (the five Cs): commitment, common
goals, competence, consistency (of performance), and com-
munication (16).

Team Competence
Team competence is measured across multiple dimensions
that include technical, decision, and interpersonal skills.
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The diversity of team members with complementary skills is
a hallmark of many effective teams, particularly when the
team is required to adapt to complex and changing circum-
stances. Acute care medical teams, including trauma teams,
typically excel at the first two Cs (commitment and
common goal) and explicitly strive for competence, but
may be much less successful in their consistency of perform-
ance (i.e., ability to sustain best practice at all times). The
effectiveness of communication between team members
requires persistent efforts from all (17–19). The best trauma
teams maintain an intuitive understanding of the evolving
processes of events (see discussion in the latter part of this
chapter of team situation awareness); they appreciate and
expect the unknown; and there is a high level of honesty,
respect, and trust between team members (20).

Team Member Conflict Resolution
Conflicts among members are inevitable in every team, and
many experts believe that conflict, and its successful resol-
ution, is essential to attaining maximal team performance
(13,14). The natural tendency, especially among health-care
professionals, is to avoid or gloss-over conflicts. However,
doing so can sew the seeds of impaired team performance
when the next challenge arises. There are four primary
conflicts inherent in teamwork (21): First, tensions occur
between individuals and the team as a whole in terms of
goals, agenda, and the need to establish an identity (22).
Second, to attain optimal team performance, one needs to
foster both support and confrontation among team members.
If team members are unwilling or unable to challenge each
other’s decisions respectfully, then there is a real risk of
poor team outcomes. A team devoid of conflict leads to
“group think” (23) and the acceptance of suboptimal team
decisions. Third, daily team activities must balance
moment-to-moment performance against the need to conti-
nually enhance team learning and individual member devel-
opment. Finally, the team leader must find a balance
between managerial authority, on the one hand, and individ-
ual team member autonomy and independence, on the other.

ORGANIZATION OF THE MODERN TRAUMATEAM

The trauma resuscitation and management system is one of
the most demanding in healthcare, incorporating very ill
patients, a diverse range of care providers, management
decisions based upon clinical evaluation, and complex

imaging modalities, all occurring under severe time con-
straints. The trauma team, which assembles rapidly at
unpredictable times, must be prepared for sudden, unique,
and chaotic situations involving one or more patients pre-
senting with initially unknown injuries.

The successful management of trauma requires effec-
tively coordinated prehospital care and information man-
agement, followed by transfer to a well-organized and
well-prepared trauma resuscitation suite (TRS) or operating
room (OR), (see Volume 1, Chapter 5). During the trauma
resuscitation, the team typically adheres to hospital proto-
cols based on the Advanced Trauma Life Supportw (ATLSw)
management protocols. In most modern trauma teams, mul-
tiple team members have dedicated roles and simul-
taneously perform separate patient-care tasks (24,25).
While more efficient, and leading to more rapid resuscita-
tion, this kind of horizontal structure requires much better
team coordination, leadership, and organization (24,26,27).
Studies in advanced trauma units have highlighted the diffi-
culties of attaining effective teamwork, noting team break-
downs under dynamic conditions (28).

Trauma teams typically consist of 5 to 10 individuals
from several clinical disciplines. Traumatologists, usually
general surgeons, anesthesiologists, or emergency medicine
physicians serve as team leaders, first responders, or other
team members (26). Airway management is commonly per-
formed by anesthesiologists or emergency physicians, with
support from a respiratory therapist. Specialized trauma
nurses as well as pharmacists, radiological technicians, and
other ancillary personnel (e.g., laboratory technician, order-
lies, etc.) may round out the team together with residents
and medical students. Predefined roles (specific task allo-
cation) and even the physical location (trauma resuscitation
room or suite) around the trauma patient are commonly pro-
scribed (Volume 1, Chapter 5).

More generally, medical teams, consisting of a multi-
disciplinary group of members, might form for a single clini-
cal event (e.g., a specific surgical procedure) or be together
for a short defined period (typically a month or so). Not
infrequently, some team members are consistent and well
defined (e.g., the emergency department team) while
others join on an ad hoc basis (e.g., respiratory therapists,
pharmacists, anesthesiologists). Thus, a specific group of
individuals may only infrequently have the opportunity to
work together. This can be true of trauma teams as well,
especially given the high workload of trauma care. Further,
trauma care is often provided in academic medical centers
where the trainees, who comprise much of the trauma team,
rotate on and off the service on a regular basis. Research in
aviation shows that such “rostered teams” are less effective
than more stable “fixed” teams (29). In addition, Simon
et al. (30) have shown that rostered teams are less likely
than fixed teams to call each other on safety infractions.

The TraumaTeam Leader
The resuscitation team leader’s functions may include the
performance of specific tasks, such as conducting the
primary and secondary surveys (Table 2). However, given
sufficient personnel, the team leader must assume, as
quickly as possible, a supervisory role, prioritizing and dele-
gating tasks and reviewing and overseeing the team’s (and
patient’s) progress throughout the resuscitation (26,31).
Studies suggest that trauma teams are less effective when the
team leader spends significant time performing procedures
rather than delegating them to other team members (27).

Table 1 Problems and Pitfalls in Trauma Teamwork

Difficulties coordinating conflicting actions

Poor communication among team members

Failure of members to function as part of a team

Reluctance to question the leader or more senior team members

Failure to prioritize task demands

Conflicting occupational cultures

Failure to establish and maintain clear roles and goals

Absence of experienced team members

Inadequate number of dedicated trauma team members

Failure to establish and maintain consistent supportive organiz-

ational infrastructure

Leaders without the “right stuff”

Source: From Ref. 19.
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However, the team leader should have recognized expertise
in treating trauma patients, and be willing and able to inter-
cede when other team members are not performing up to
acceptable standards (also see a list of duties provided in
Volume 1, Chapter 5).

The team leader is also responsible for formulating (or at
least approving) the definitive treatment plan. Thus, the team
leader must quickly assimilate a large amount of disparate
information from other team members with personal obser-
vations. This leads to an overall assessment, which includes
decisions about therapeutic and diagnostic interventions. The
leader also communicates with team members, coordinates
consultations, makes triage decisions, and ensures that all
team members are aware of the evolving situation.

Although skill and experience are valuable for every
member of the team, it is particularly critical for the trauma
team leader. Studies show that the presence of a single
identified trauma resuscitation team leader leads to a
better secondary survey, ATLS guideline adherence, and
team coordination (32). Better team coordination is
achieved when the definitive treatment plan is facilitated by
a team leader who is an experienced traumatologist. The
personality of the team leader has a large impact on team per-
formance. Work by Chidester, et al. (33) led to a broad classi-
fication of three personality types of team leaders: “right
stuff,” “wrong stuff,” and “no stuff” (Table 3). Teams led by
individuals with the “right stuff” performed better than
those led by leaders with “no” or “wrong stuff.” In addition,
Bowles et al. showed that air crews led by “right stuff”
captains performed well with less stress than those led by
other personality types (3). Successful team leaders know
and emphasize that the goal is team performance rather
than individual achievement. Team-oriented behaviors,
which do not come naturally in a culture that rewards indi-
vidualism above teamwork, can be learned and practiced.

Other Members of the TraumaTeam
Successful resuscitation and recovery from trauma requires
an immediately available multidisciplinary team capable of

evaluating and managing life-threatening injuries. The
trauma team leader works closely with these other trained
experts in trauma care. All essential team members (e.g.,
trauma surgery, anesthesiology, surgical critical care, neuro-
surgery, orthopedic surgery, interventional radiology, and
blood banking) must be available 24 hours a day, seven
days a week, to provide optimum care and meet the require-
ments for a level-1 trauma center.

The initial focus of the trauma resuscitation is airway,
breathing, circulation, and control of hemorrhage (discussed
in Volume 1, Chapter 8). Although the team leader must be
cognizant of each of these care goals, the definitive manage-
ment of each is best delegated to other members. For
example, the anesthesiologist is best trained and capable of
managing the airway and assessing breathing, and one of
the surgical assistants should be employed to control hemor-
rhage, while other team members place intravenous lines,
chest tubes, etc. Although each of the assistants could
operate autonomously, the resuscitation will be most effec-
tive if each team member’s activities are overseen by the
team leader.

Trained professionals, with extensive experience in
trauma management, will provide better care than novice
clinicians. In most busy trauma centers, established pro-
fessionals both model and teach students and trainees the
correct approach. They must balance allowing students
and trainees to gain practical experience with close super-
vision to assure proper patient care. Even trained experts
will confront difficult circumstances at times [difficult
airway, poor intravenous (IV) access, uncooperative patients,
etc.]. However, proper training, rest, and environmental
support will help rescuers overcome these obstacles.

HUMAN FACTORS IN THE TRAUMA ENVIRONMENT

Human factors (also called ergonomics) is the study of
human interactions with tools, devices, and systems with
the goal of enhancing safety, efficiency, and user satisfac-
tion. Human factors emerged as a recognized discipline
during World War II. Its use improved military system
performance by addressing problems in signal detection,
workspace constraints, optimal task training, cockpit
design, and teamwork (34). Nearly half a century of research
and hands-on experience have produced a substantial body
of scientific knowledge about how people interact with each
other and with technology. The knowledge and techniques

Table 2 The Trauma Team Leader’s Responsibilities

Know the job (e.g., know ATLSw guidelines cold)

Communicate clearly and effectively

Enhance the team’s communication

Foster teamwork attitudes through tangible behaviors

Keep the goals and approach relevant and focused

Enhance the team’s knowledge and shared expectations

Build commitment, confidence, and trust

Remain positive and supportive, especially under adverse

conditions

Acknowledge and manage your own limitations and those of the

team

Strengthen the skills of each team member and of the team as a

whole across all performance dimensions: technical, functional,

problem solving, decision making, interpersonal, and teamwork

Manage relationships with outsiders and remove obstacles

Create opportunities for others to grow into leadership roles

Lead by example

Reward team performance and discourage individualism that

detracts from team performance

Provide constructive feedback and opportunities for practice

Abbreviation: ATLSw, Advanced Trauma Life Supportw.

Source: From Ref. 27.

Table 3 Team Leader Personality Types

Right stuff Wrong stuff No stuff

Active Authoritarian Unassertive

Self-confident Arrogant Low self-confidence

Interpersonal

warmth/empathy

Limited

warmth/empathy

Moderate

warmth/empathy

Competitive Impatience and

irritability

Noncompetitive

Prefers challenging

tasks

Prefers

challenging tasks

Low desire for

challenge

Strives for

excellence

Strives for

excellence

Doesn’t strive for

excellence

Source: From Ref. 3.
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of human factors have been productively applied to enhance
performance in a wide range of domains, from fighter planes
to the TRS and the trauma OR.

Human factors research on team decision-making in
complex task environments is of relevance to trauma team
performance (4,35–38). One must carefully consider the
impact of the many “performance shaping factors” that
can degrade human capabilities (Table 4). One must also
understand how best to optimize trauma care (39–42). The
environment in the field, in the air, and in the hospital
greatly affects and shapes the outcomes of trauma teams.
Factors that influence the team’s effectiveness include the
performance of individual team members, the equipment
they use, the TRS and trauma OR environment (e.g.,
established care process and procedures), and the underlying

organizational and cultural factors. For example, distracters
such as information overload, noise, spectators, and physical
obstacles can be a danger to both the patient and health care
professionals. Although there is insufficient space in this
chapter to discuss all of the performance-shaping factors
of relevance to the trauma team, a few of the more
pertinent factors are described in more detail in the follow-
ing sections.

Sleep Deprivation and Fatigue
Extensive literature exists on the adverse effects of sleep
deprivation and fatigue on an individual clinician’s per-
formance (40,43–46). These studies and other events have
led to work hour limits of clinicians in training. Most
studies of recurrent partial sleep deprivation have suggested
that sleeping only five to six hours a night can lead to per-
formance impairment (47). Sleep loss most acutely degrades
performance on tasks requiring vigilance, cognitive skills,
verbal processing, and complex problem solving (43,46).
Performance decrements begin with a lack of appreciation
of the skills being degraded and accumulate with continued
partial sleep deprivation. This may be seen in trauma phys-
icians working regularly on recurring call or night shifts. In
the early morning hours, after nearly 24 hours without sleep
(e.g., at the end of difficult on-call shift), psychomotor per-
formance can be impaired “to an extent equivalent to or
greater than is currently acceptable for alcohol intoxication”
(49). Two recent laboratory simulation studies, involving
sleep-deprived surgeons, demonstrated significant impair-
ment in surgical skill (both speed and accuracy) in a
virtual reality simulation of laparoscopic surgery (48,50).
Although the impact of fatigue on “team performance” has
thus far been sparsely studied, the results may be expected
to be similar with trade-offs between the benefits of team
compensation and redundancy on the one hand and
impaired team communication on the other.

The effect of an individual team member’s sleep depri-
vation (or other performance detractors such as working
when ill) on the overall trauma team’s clinical performance
depends on several factors, including time of day (circadian
effects), clinical experience, task demands, clinical workload,
and other team members’ level of functioning. The current
body of evidence suggests that a sleep-deprived or fatigued
trauma team will make more errors, be less likely to recover
from these errors, and provide lower quality care than a
well-rested team. Organizational leaders must, therefore,
design work schedules to provide adequate rest periods
for the team members.

Stress and Job Performance
Sources of stress that affect job performance include social
and physical stressors; the tasks involved, such as mental
workload and pacing of activity; as well as individual
characteristics such as health, fitness, and personality (51).
Personal factors, such as financial concerns or a recent
dispute with a spouse, can adversely impact job perform-
ance and even increase the likelihood of accidents (52).
Training and experience reduce the subjective impact of
the stress and workload associated with emergency situ-
ations, thus, the value of formal emergency drills, whether
in aviation or medicine (53).

In an airline transport study, air crews that had the
highest performance experienced less stress than did lower
performing teams (3). Thus, undue stress can impair
performance and impaired performance can cause undue

Table 4 Examples of Performance-Shaping Factors Affecting

Trauma Care

Performance shaping factor Example

Individual factors Clinical knowledge,

skills, and abilities

Cognitive biases

Risk preference

State of health

Fatigue (including sleep

deprivation, circadian)

Task factors Task distribution

Task demands

Workload

Job burnout

Shiftwork

Team/communication Teamwork/team dynamics

Interpersonal communication

(clinician–clinician and

clinician–patient)

Interpersonal influence

Groupthink

Environment of care Noise

Lighting

Temperature and humidity

Motion and vibration

Physical constraints

(e.g., crowding)

Distractions

Equipment/tools Device usability

Alarms and warnings

Automation

Maintenance and obsolescence

Protective gear

Organizational/cultural Production pressure

Culture of safety

(vs. efficiency)

Policies

Procedures

Documentation requirements

Staffing

Cross coverage

Hierarchical structure

Reimbursement policies

Training programs

Source: From Refs. 39, 40, 41, 42.
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stress. The take-home message for the trauma team is to: (i)
identify explicitly and manage the sources of stress for the
team and its members; (ii) actively train to reduce stress
and enhance performance, especially during high tempo,
high workload periods (e.g., multiple simultaneous trauma
resuscitations), and (iii) include risk reduction and fatigue
countermeasures as part of every clinical debriefing.

Environmental Factors (e.g., Noise, Clutter,
Disorganization)
The environment of care contains a number of factors that
influence team performance including noise, lighting, temp-
erature, the need for protective gear, clutter, disorganization,
and impaired physical access to the patient, or essential tools
or equipment, or both. In the interest of brevity, only the
effects of noise are discussed in detail. The noise level in
acute care environments can be quite high. For example, con-
tinuous background noise in the modern OR typically
ranges from 75 to 90 dB, and can increase to almost 120 dB
(e.g., during high-speed gas-turbine drill use) (39). Although
apparently never measured, it is reasonable to assume that
sound pressures in the typical trauma unit are similar or
louder than those found in surgical suites. In the trauma
unit, noise can be generated by multiple conversations,
mechanical ventilation, suction, overhead pages, use of
medical equipment, and alarms. High noise levels
create a positive feedback situation, where noisy rooms
require louder voices and higher volume alarms leading to
increased noise levels, missed clinical events, and greater
team dysfunction.

High noise levels interfere with effective verbal com-
munication. This may be important during trauma resuscita-
tions when it is critical for team members to hear clearly other
members of the team. High noise levels in trauma units can
also detrimentally affect short-term memory tasks, mask
task-related cues, impair auditory vigilance (for instance,
the ability to detect and identify alarms), and cause distrac-
tions during critical periods (39,40). Exposure to loud noise
activates the sympathetic nervous system affecting mood
and performance. The resulting stress response has been
suggested to interact with other performance-shaping
factors resulting in impaired decision-making during critical
clinical incidents (40).

Interpersonal Communication
Both verbal and nonverbal communication are critical to the
success of team performance (6). Failures of team communi-
cation lead to medical errors and adverse outcomes (18). In
highly complex nonmedical domains that involve teamwork
(e.g., aviation crews, submarines), the team has often been
together a long time and is well practiced. Effective team
communications involve unspoken expectations, body
language, traditions, and general assumptions about task
distribution, command hierarchies, and individual emotion-
al and behavioral components. A study found failures of
adequate communication between clinical care providers
in the ICU contributed to medical errors (18). In this study,
more than one-third of all patient-care errors reported
were associated with failures of verbal communication.
These communication failures occurred not only between
nurses and physicians, but also between nurses. Similarly,
analysis of videotaped trauma team performance showed
that highly skilled teams communicated in a variety of ways,
many of which were nonverbal and implicit (54). Team coordi-
nation breakdowns were manifested by conflicting plans,

inadequate support in crisis situations, failure to verbalize pro-
blems, and poor delegation of tasks.

Because trauma teams are composed of clinicians from
many different disciplines (i.e., physicians, nurses, pharma-
cists, etc.) with their own norms, expectations, attitudes, and
cultures, effective team communication must overcome
these barriers. Dutton et al. (55) recently showed that
regularly scheduled multidisciplinary “discharge rounds”
in a trauma hospital not only facilitated communication
but dramatically improved patient flow with a 36% increase
in patient volume and a 15% decrease in length of stay.

Team performance can be adversely affected by dysfunc-
tional interpersonal interactions among team members. Such
“miscommunication” often stems from a lack of shared expec-
tations, beliefs, or training (56). Thus, trauma teams can
enhance their performance by spending more time together,
not just during formal training, but also through joint confer-
ences and social events. Trauma team members must
make special efforts to communicate clearly and unambigu-
ously, especially when members of the team are new or less

experienced. Effective team communication is more diffi-
cult when some or all of the team are subjected to other stres-
sors, such as sleep deprivation and fatigue.

KEYS TO EXPERT DECISIONMAKING FOR TRAUMA

Traditional theories of decision making assume that individ-
uals and teams use a deliberative approach in which they
assess the relative risks and benefits of multiple options.
However, in the 1980s, researchers began to study the way
experienced people actually make complex decisions in
their natural environments, or in simulations that preserve
key aspects of their environments (naturalistic decision
theory) (57). These studies demonstrated that, in contrast
to “normative decision theory,” experts make real-world
decisions through a serial evaluation and application
(“trying on”) of options that seem appropriate to the
apparent situation. Naturalistic decision theory argues that,
especially under time pressure in complex task domains
(e.g., trauma units), experts recognize situations, or their
integral components, as typical or familiar and then
respond to each specific situation with appropriate prepro-
grammed patterned responses. Choosing the first acceptable
response that comes to them is called “recognition-primed
decision making” (57,58). Thus, competent decision-makers
in complex domains are very concerned about quickly
assessing and maintaining awareness of the current clinical
situation.

Correct Decision Making with Incomplete/Conflicting Data
Expertise is more than simply having extensive factual
knowledge—it also includes complementary skills and
attitudes. Experts have specific psychological traits (e.g.,
self-confidence, excellent communication skills, adapta-
bility, risk tolerance) and cognitive skills (e.g., highly
developed attention, sense of what is relevant, ability to
identify exceptions to the rules, flexibility to changing
situations, effective performance under stress, ability to
make decisions, and initiate actions based on incomplete
data). Clinical experts use highly refined decision strategies
such as dynamic feedback, decomposing and analyzing
complex problems, and prethinking solutions to tough
situations (59).
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A key attribute of expertise in trauma care is the ability
to anticipate or to predict what might happen to a patient with
a particular constellation of injuries given the resources avail-
able. Mental simulation, whereby individuals or teams envi-
sion (simulate) a possible future clinical event or clinical
action before it happens, is essential to gain the expertise to
make diagnoses and to perform at a high level during an
evolving or future real event. When expert clinicians simulate
situations and actions mentally before they undertake them in
real life, they save time and improve performance in crucial
situations (see simulation section below).

Situation Awareness
One of the most important decision skills in trauma care,
where data overload is the rule and the patient’s status
changes continually, is the ability to recognize clinical cues
quickly, detect patterns, and set aside distracting or unim-
portant data. Situation awareness (or situation assessment)
is a comprehensive and coherent representation of the
(patient’s) current state that is continuously updated,
based on repetitive assessment (60). Situation awareness
appears to be an essential prerequisite for safe operation of
any complex dynamic system. In the case of trauma care,
adequate “mental models” of the trauma patient and the
associated trauma unit facilities, equipment, and personnel
are essential for effective situational awareness. Situation
awareness can be divided into three levels (Fig. 1) (60,61)
and successful team awareness allows all members to con-
verge on a shared mental model of the situation and
course of action (62). Effective teams adapt to changes

in task requirements, anticipate each other’s actions and
needs, monitor the team’s ongoing performance, and offer
constructive feedback to other team members (62).

When team members share a common mental model of the
team’s on-going activities, each will “instinctively” know
what each of their team-mates will do next (and why),
and they often communicate their intentions and needs
nonverbally (“implicit communication”).

TEAM TRAINING TECHNIQUES

Team training should be designed based on desired team
competencies (behaviors, attitudes, skills, and knowledge)
and specific tasks to be trained for. Each training exercise
should have explicit learning objectives. Team training exer-
cises are best oriented around realistic scenarios that will
address the learning objectives, facilitate team decision-
making, and provide specific task training. This section
reviews some common team-training approaches, spanning
the spectrum from traditional exercises to newer “high tech”
techniques, only recently made possible by high-speed
computer simulation programs and the evolution of video
analysis.

Traditional TeamTraining Exercises
Application of nonmedical studies on health care team-
training methods remains largely invalidated. However,
several findings may be instructive to those striving to
provide trauma team training. First, training sessions
should link the requirements of the task and the environ-
ment to the competencies required of team members (63).
Second, training that fosters communication of the team
leader’s evolving picture of the situation to the team can
enhance the team’s behaviors (64). Thus, team practice
should include periodic situation updates by the team

Figure 1 The role of situation awareness in trauma care. Situation awareness consists of three levels: Level 1—detection (perception)

of changes in the patient’s state, other team members’ performance, or the status of equipment or the surrounding environment. Level 2—

a diagnosis of the current state of the “system,” which includes the patient, the team, and the care environment. This leads to a

revised “mental model” used to evaluate the meaning of future changes. Level 3—prediction of future patient/system state leading to

the choice of appropriate interventions to optimize patient outcome. Abbreviation: SA, situation awareness.
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leader. Third, task stressors influence team communication,
coordination, and performance strategies. Therefore, train-
ing should incorporate methods to build team mental
models and provide relevant and meaningful information
about the impact of other team members, tasks, equipment,
care environment, and the evolving situation. Fourth, teams
should practice in simulations or with role-playing in a rel-
evant context. Fifth, training effectiveness should be
assessed under both routine and realistic stressful con-
ditions. Finally, training exercises must incorporate ongoing
feedback about team performance.

For trauma teams to improve, they must share common
performance goals and an understanding of the work to be
done together. Teams with shared mental models are more
likely to have accurate expectations of the team’s needs than
those without shared models, thereby allowing them to
adjust behavior during stressful situations and to anticipate
changing conditions. Three team performance-enhancement
strategies that can foster common goals and shared mental
models among team members are cross training, team
model training, and crew resource management training.

CrossTraining
It is challenging to maintain high levels of performance with
the frequent turnover of personnel, as is common in
academic medical centers. Cross training of trauma team
staff in each other’s roles provides both flexibility and
enhanced team performance. An important benefit of cross
training is improved team communication by facilitating
development of shared expectations of each other’s roles,
decision processes, and actions of the team members.
Common training regimens (e.g., ATLS) and practice in the
tasks performed by other team members enhance knowl-
edge of the team’s needs and also promote anticipation
and coordination (65). Volpe et al. (66), using a PC-based
aircraft simulator, showed that cross training was an
important determinant of effective task coordination,
communication, and performance. Particularly in high
workload situations, cross training by positional rotation
can improve team communication, particularly when tasks
are highly interdependent (67).

Team Model Training
Team model training (TMT) was developed to enhance
indoctrination of combat teams and can be adapted to
trauma team preparation (68). TMT evolved in response to
concerns that standard measures of team performance
were lacking, drills were unsystematic, trainees were over-
loaded with details, and practice was unguided by feedback.
TMT consists of a series of explicit training curricula and
feedback-guided experiential learning on PC-based simu-
lators. The goal is to foster collaborative teamwork. Results
of TMT education exercises suggest that complex team inter-
actions can be demonstrated and practiced using low-cost,
PC-based simulations.

Trauma Crew Resource Management
Trauma Crew Resource Management (TCRM) derives

from concepts developed in the aviation industry, called

Cockpit Resource Management (CRM). From the days
of the Wright brothers to the 1970s, formal training for
pilots focused on the technical (stick and rudder) com-
ponents of flight. In the 1970s, NASA’s research showed
that many commercial air crashes that occurred were not
because of equipment failure or deficiencies of technical

piloting skills, but because of failures of communication
and teamwork (69,70). In response, the commercial aviation
industry initiated a new type of pilot training, which went
by the acronym CRM (for Cockpit Resource Management).
CRM focused on the interpersonal aspects of flying in a
multiperson crew. As the concept matured, the name, but
not the acronym, changed to Crew Resource Management,
reflecting the fact that safety critical interactions extend
beyond the confines of the flight deck (4). By the late
1990s, CRM had evolved through five generations into a
highly focused training program with the goal of managing
the consequences of human error. Analogously, TCRM train-
ing enables trauma teams to effectively harness all available
resources to provide the best possible patient care. TCRM
facilitates the translation of individual knowledge of what
needs to be done into effective team processes and helps to
bring structure to the complex and chaotic world of the
trauma bay.

TCRM derives from an earlier adaptation of aviation
CRM to anesthesiology. Anesthesia Crisis Resource Manage-
ment (ACRM), an immersive simulation-based training
program, was developed by Gaba et al. (53,71) in the early
1990s. The value of ACRM resides in the realistic enactment
of scenarios followed by rapid cycle and learner-centered
debriefings using video analysis of the clinical team’s per-
formance. A preliminary study of the effectiveness of
ACRM suggested that trainees learned powerful lessons
that they attempted to incorporate into their clinical practice
(72). The study coupled in-depth interviews about ACRM
training with confidential debriefings about the management
of actual serious incidents in patient care after trainees under-
went ACRM training. Another study revealed widespread
failures in situation awareness and coordination by medical
teams and organizational barriers that led to patient harm,
further validating the need for this type of training (73).
From this pioneering work, one can delineate the essential
features of TCRM training courses (Table 5). Additionally,
CRM courses have been developed for other specialties,
including emergency medicine (74,75) and critical care (76).
In the most extensive evaluation of formal teamwork training
in a medical setting to date, Morey et al. (77) described the
MedTeams Project. A team-based training curriculum
based on CRM principles was implemented in nine hospital
emergency rooms. Team training of 684 clinicians produced

Table 5 Essential Skills Taught in Trauma Crew Resource

Management Courses

Adaptability

Prioritization of tasks

Shared situation awareness and distribution of the workload

Team communication before and after patient arrival

Mobilization and use of all resources in the trauma bay that extends

to the OR, intensive care unit, and diagnostic facilities

Performance monitoring and cross-checking of data and team

functions

Command, communication, and coordination of feedback

Leadership and the management of the team members’

followership

Willingness to challenge each other and conflict resolution skills

Abbreviation: OR, operating room.

Source: From Ref. 122.
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statistically significant decreases in clinical errors and
improvement in the quality of team behaviors. However,
no statistical differences in patient outcomes were seen.

Simulators for TraumaTeamTraining and Assessment
There are substantial ethical and educational limitations to
the use of patients for the clinical training of individuals
and teams. The opportunities to learn and practice desired
responses to uncommon events or types of injuries are
limited, even in a busy trauma center. In fact, actual
trauma resuscitations are not optimal training opportunities,
because patient care must take precedence over teaching.
Moreover, clinical events occur in an uncontrolled setting
under stress and time pressure. Societal and regulatory
pressures will increasingly limit the use of real patients,
especially the critically ill ones, for hands-on clinical train-
ing. Simulation has been widely touted as a tool to
improve clinical care through enhanced training and evalu-
ation. Simulations can include patient actors (e.g., standar-
dized patients) (78,79), PC-based partial task trainers (80),
or full-scale realistic patient simulation (RPS) (81) (discussed
below). Computer simulation of trauma scenarios will
become an essential training tool, as it has in almost

every other high-risk domain, including aviation, space
flight, military operations, nuclear and hydroelectric power
generation, ground and sea transportation, and chemical
process control (82).

There are many benefits of medical simulation. Simu-
lations can permit clinicians to learn new or improve old
techniques safely and economically without posing harm
to patients or to trainees (72,81,83). Simulations can be con-
trolled and modulated according to the needs of a team
(84). Decision-making skills can be embedded into the scen-
ario to train for reasoning, metacognition, risk assessment
skills, and responsiveness to adverse events. Guided practice
with video-based feedback that incorporates measures of
performance can be considered managed experience (3).
Perhaps, most importantly, lessons taught in a realistic simu-
lation environment may be retained better, on account of the
required active learning and focused concentration, the
greater emotional intensity of the experience, and its direct
association with real-world clinical events (David Gaba,
personal communication, 2001). Thus, trauma teams can
train, evaluate, and become credentialed providers before
participating in actual clinical activities.

Recent literature is beginning to provide evidence for
the value of RPS to train and evaluate trauma teams
(73,84–87). A study by Holcomb et al. (87) evaluated ten
3-trainee teams before and after a one-month trauma-
center rotation, using RPS scenarios. The teams showed
significant improvement on multiple measures of technical
skill, supporting the face validity of RPS-based technical per-
formance assessment. Lee et al. (88) conducted a prospective
randomized controlled trial of surgical interns’ trauma
assessment and management skills after using either RPS
or moulage practice training sessions. RPS-trained interns
scored higher on trauma assessment skills and on the man-
agement of an acute neurological event.

Value of Realistic Patient Simulators
Realistic patient simulators are fully interactive physical
simulations in which the responses of the device to the clini-
cal interventions are scripted to be realistic. In the highest
fidelity simulators, the mannequin’s response is based
on detailed physiological and pharmacological computer

models. The goal is for the simulator to respond to clinical
interventions in the same way a patient would respond.
Thus, the participant interacts with a realistic cognitive
and physical representation of the full acute care environ-
ment and thereby experiences emotional and physiological
responses similar to those experienced in real patient-care
situations (89,90). Realistic patient simulators consist of a
computer-controlled system and a plastic patient manne-
quin that generates physiological signals (e.g., electrocardio-
gram, invasive and noninvasive blood pressure, lung
sounds, palpable pulses) and allows for complex airway
management scenarios (72,81,89). The mannequin’s head
contains a speaker so that the trainee can converse with
the patient when contextually appropriate. Trainees can
also query the operator as needed concerning physical
signs not reproduced by the mannequin (e.g., skin color, dia-
phoresis). There are multiple technical, financial, and meth-
odological issues that affect the design and implementation
of RPS-based training programs (81,91). Nonetheless,
patient simulators have facilitated study of the response to
critical incidents (90), the occurrence of medical errors (89),
the role of teamwork (75), and the effects of other factors
on clinical performance (91,92).

Importance of Scenario Design
Oser et al. have outlined specific steps for developing simu-
lated scenarios for eliciting team behaviors (93). First, skill
inventories and historical performance data are reviewed
to identify what should be measured. Identifying the core
measurement objectives builds content validity into the
scenario. Second, scenarios are created that provide specific
reproducible opportunities to observe performance, related
to the objectives chosen. Third, performance measures are
developed that accurately and reliably assess performance
on the objectives. Measures should have the ability to
describe what happened (i.e., outcome measures) in addition
to describing why certain outcomes were or were not
attained (i.e., process measures).

Components of a Simulation-Based Training Course
A typical simulation-based training course will include some
kind of pretest, preparatory didactics (lecture, web, or
hands-on demonstrations), the performance of one or more
standardized scripted scenarios that are videotaped, post-
simulation videotape-based debriefing, and a post-training
evaluation (of both the trainee and of the training experi-
ence) (94). The debriefing is the most important experience,
especially when training multidisciplinary teams (82,95,96).
Debriefing should occur immediately after each simulation
scenario and not uncommonly lasts longer than the scenario
itself. Participants debrief together as a team with peers
providing feedback.

EVALUATING TRAUMATEAM PERFORMANCE

Assessing team performance will be key to understanding
ways to improve team performance and increase patient
safety (Table 6). There is a consistent argument in the litera-
ture that team process and outcomes must be distinguished
(97). Process is defined by the activities, strategies,
responses, and behaviors employed by the team during
task accomplishment, while outcomes are the clinical
outcomes of the patients cared for by the team. Process
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measures are important for training when the purpose of
performance measurement is to diagnose the problems and
to provide feedback to trainees. Until recently, the medical
community has focused more on outcomes than on
process. Medical educators have begun to appreciate the
competencies that define effective team process. The key is
to identify and measure processes that are directly related
to patient outcomes (e.g., successful resuscitation). Measure-
ment tools must be reliable and valid and must distinguish
between individual and team-level deficiencies. Most impor-
tantly, the results of the assessment must be translatable into
specific feedback that will enhance team performance (98).

Paucity of Validated Competency Assessment Metrics
There are a variety of methods to evaluate team performance
including debriefing with or without the use of videotaping,
simulation with or without standardized patients, and the
use of trained observers. Although metrics are available in
nonmedical domains, there are very few well-defined vali-
dated metrics to assess competency in complex clinical
team activities such as trauma resuscitation. No rigorous
evaluation studies have been undertaken that relate the
training experience with actual clinical outcomes, thereby
validating metrics for assessing team performance.

Video Analysis of Trauma Care
Video analysis of team performance is an extremely valu-

able training tool because it removes any challenge to

factual events, helps trainees clearly visualize each event,
and can be used as a permanent record or an archive for
future educational activities. Beginning with the experi-
ence of Hoyt and Shackford (99) in the late 1980s, videotap-
ing and review of resuscitations has become a standard
quality assurance method for many trauma centers. Sub-
sequent work has confirmed benefits from improved team
education and training, more efficient and accurate QA pro-
cesses, interventions to improve care processes, and better
patient survival (32,100). In a study of simulated anesthetic
crises, trainees’ review of videotape of the events led to
decreases in “time to treat” and workload in subsequent
simulations (101). Recently, Scherer et al. (102) found that
video-based feedback of trauma resuscitations reduced dis-
position time by 50%.

However, videotaping of patient care requires overcom-
ing substantial obstacles including medicolegal issues, confi-
dentiality, logistical and resource issues (103,104), and
analytical limitations (105). Nevertheless, the ability of
multiple instructors to score performance from videotape
allows the evaluation of the reliability of performance-
assessment metrics. In a simulation-based study, investigators
used videotape to validate a systematic rating system of beha-
vioral and clinical markers, with the objective of creating a
foundation for team training and assessment programs (106).

EYE TOTHE FUTURE

Team training based on CRM principles are being widely
disseminated in multiple civilian and military hospitals
(77). It would not be surprising for these principles to be
incorporated into ATLS and Advanced Cardiac Life Sup-
portw (ACLSw) training in the near future. In addition,
future team-training programs are expected to incorporate
a wider range of educational principles and goals (107).
Within a few years, virtually all academic medical centers
will have dedicated simulation centers that will increasingly
conduct multidisciplinary team-training courses (86).

Increased Emphasis upon Computerized Simulation
Training for rare or dangerous events (e.g., ATLS and ACLS)
can and should be increasingly facilitated by computerized
simulators (108). The progression toward simulation-based
training was recently endorsed by the American College of
Surgeons’ Committee on Trauma, with their approval
of the use of torso simulators during the skills section of
ATLS training. Although patient simulators are not currently
approved for the assessment-training portion of ATLS, this is
likely to occur in the near future. Indeed, patient simulators
provide some advantages over moulage actors (e.g., physio-
logical modeling of the scenario and immediate response to
therapy) (88).

Patient simulators have been shown to improve both
diagnostic and therapeutic decision-making during ATLS
training of surgical interns (109). Not only did simulator
training speed the acquisition of trauma management skills
but, just as importantly, morale was improved. Indeed, the
surgical interns participating in the study deemed the
simulation training to be worthwhile, and also attributed
to the simulation training their improvement in both self-
confidence and individual competence (109).

A separate observational study showed that simu-
lators were effective in training junior surgery residents
during their critical care rotation (110). Three scenarios
were tested. None of the residents successfully completed
the first scenario. Subsequent performance improved in pre-
viously neglected areas. Although the simulators were
useful in identifying the residents with large knowledge
deficits, the greatest utility was in evaluating deficiencies
in the training program itself (110).

Military and civilian prehospital personnel may
benefit from simulation training as well. Currently available
hospital-based scenarios can be easily modified to include
variations in light, sound, available assets, and numbers of
casualties. In addition, simulations can be linked together
to replicate mass casualty events, and these simulations
can be used to evaluate the management decisions of
larger teams and commanders from remote locations (87).

Table 6 Questions to Ask When Assessing a Trauma Team’s

Performance

Is the team the right size and composition?

Are there adequate levels of complementary skills?

Is there a shared goal for the team?

Does everyone understand the team goals?

Has a set of performance goals been agreed upon?

Do the team members hold one another accountable for the group’s

results?

Are there shared protocols and performance ground rules?

Is there mutual respect and trust between team members?

Do team members communicate effectively?

Do team members know and appreciate each other’s roles and

responsibilities?

When one team member is absent or not able to perform the

assigned tasks, are other team members able to pitch in or help

appropriately?

Chapter 6: Trauma Team Performance 109



Incorporating Military and Aviation Industry Lessons
Besides placing increased emphasis on computerized simu-
lators for rare event training, the trauma community could
significantly improve resuscitation team training by
looking to Crew Resource Management (CRM) and other
team-training strategies that have already been developed
in other domains. The tactical decision making under
stress (TADMUS) project, conducted in the surface vessel
community of the U.S. Navy, has produced a number of
useful tools and lessons learned, which are applicable in
health care (107). Based on our experience, as well as a
review of the literature, we make the following recommen-
dations for trauma and critical care team training.

First, the health care community should develop a
standard set of generic teamwork-related knowledge,
skills, and attitude competencies. These competencies
would represent the core elements of successful teamwork
in health care. This would begin to establish a common
language for describing teamwork in health care.

Second, instructional designers should look beyond
aviation CRM training to all available training research
and tools. For example, Salas and colleagues (66) have com-
piled an extensive collection of principles and guidelines for
assertiveness training, cross-training (66), stress manage-
ment training (111), and team self-correction (112). Current
medical team training programs rely almost entirely on
classroom-based or simulator-based training methods,
rather than choosing from a variety of instructional strat-
egies to complement the specific training content. With few
exceptions, new advances in training technology—such as
computer-based partial-task training, low-fidelity simu-
lations, embedded training, scenario-based training, high
fidelity robotic and virtual reality training—have rarely
been used, despite growing evidence regarding their effec-
tiveness (113). Recent advances in training theory—such as
the effect of pre- and post-training factors on training out-
comes, the effect of practice schedules on skill acquisition
and retention, and the critical role of individual differences
in shaping trainees’ motivation—have similarly been
ignored (68,113–115).

Third, many experts believe that, in the next 5 to 10
years, all clinicians will be required to train and be creden-
tialed on simulators before practicing on patients. Indeed,
computer-based simulations were formally introduced for cer-
tification by the U.S. Medical Licensure Examination (USMLE)
in November 1999 as the official Step 3 Primumw exam (116). It
is likely that these exams will soon evolve into full simulation
scenarios and may one day be conducted in simulation
centers. Indeed, simulation centers have already been used
for remedial training of anesthesiologists by the New York
Society of Anesthesiologists Committee on Continuing
Medical Education and Remediation (117). In addition, phys-
ician graduates of an ATLS course recently demonstrated
more improved technique and function, following a simulator
session than those who did not receive such training (118).
Similarly, physicians, nurses, and respiratory therapists (all
ACLS certified within two years of their simulation training)
showed improved ACLS task-completion rates (p ¼ 0.001) fol-
lowing simulator training (119).

More intriguing is the advancing sophistication of
virtual (or immersive) reality simulation. Future trauma
teams may practice in a virtual world of animated three-
dimensional patients and care environments while interact-
ing with simulated clinical tools that provide realistic
tactile feedback (see, for example, virtual reality training
environments provided by “hit lab research” (120).

Finally, video review of patient care continues to gain
popularity for training as well as quality improvement
(102,104,121). It would not be surprising for all care areas
to ultimately be continuously monitored with audio, video,
and physiological data capture to facilitate on-going per-
formance improvement as well as adverse event analysis
(analogous to aviation’s cockpit flight recorder). Fostering
effective teamwork will remain a focus of healthcare per-
formance improvement because the resulting attitudes,
skills, and behaviors are essential to establishing a culture
of safety and quality.

SUMMARY

Teams make fewer mistakes than do individuals, especially
when all team members know their individual responsibil-
ities as well as those of the other team members. However,
simply bringing individuals together to perform a specified
task does not automatically ensure that they will function
as a team. Trauma teamwork depends on a willingness of
clinicians from diverse backgrounds to cooperate toward a
shared goal, to communicate, to work together effectively,
and to improve. Each team member must be able to: (i) antici-
pate the needs of the others; (ii) adjust to each other’s actions
and to the changing environment; (iii) monitor each other’s
activities and distribute workload dynamically; and,
(iv) have a shared understanding of accepted processes,
and the knowledge of how events and actions should
proceed.

Teams outperform individuals especially when per-
formance requires multiple diverse skills, time constraints,
judgment, and experience. Nevertheless, most people in
health care overlook team-based opportunities for improve-
ment because training and infrastructure are designed
around individuals. Teams with clear goals and effective
communication strategies can adjust to new information
with speed and effectiveness to enhance real-time problem
solving. Individual behaviors change more readily on a
team because team identity is less threatened by change
than are individuals. Behavioral attributes of effective team-
work learned on the trauma team, including enhanced inter-
personal skills, can extend to other clinical arenas.

Turning trauma care experts into expert trauma
teams requires substantial planning and practice. There is
a natural resistance to move beyond individual roles and
accountability to the team mindset. One can facilitate this
commitment by: (i) fostering a shared awareness of each
member’s tasks and role on the team through cross-training
and other team-training modalities; (ii) training members in
specific teamwork skills such as communication, situation
awareness, leadership, followership, resource allocation,
and adaptability; (iii) conducting team training in simulated
scenarios with a focus on both team behaviors and technical
skills; (iv) training trauma team leaders in the necessary
leadership competencies to build and maintain effective
teams; and, (v) establishing and consistently utilizing
reliable methods of team performance evaluation and
rapid feedback.
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KEY POINTS

Effective teams possess five characteristics of success (the
five Cs): commitment, common goals, competence, con-
sistency (of performance), and communication (16).
Studies show that the presence of a single identified
trauma resuscitation team leader leads to a better sec-
ondary survey, ATLS guideline adherence, and team
coordination (32).
Human factors (also called ergonomics) is the study of
human interactions with tools, devices, and systems
with the goal of enhancing safety, efficiency, and user
satisfaction.
High noise levels create a positive feedback situation,
where noisy rooms require louder voices and higher
volume alarms leading to increased noise levels,
missed clinical events, and greater team dysfunction.
Trauma team members must make special efforts to
communicate clearly and unambiguously, especially
when members of the team are new or less experienced.
Effective teams adapt to changes in task requirements,
anticipate each other’s actions and needs, monitor the
team’s ongoing performance, and offer constructive
feedback to other team members (61).
Trauma Crew Resource Management (TCRM) derives
from concepts developed in the aviation industry,
called Cockpit Resource Management (CRM).
Computer simulation of trauma scenarios will become
an essential training tool, as it has in almost every
other high-risk domain, including aviation, space
flight, military operations, nuclear and hydroelectric
power generation, ground and sea transportation, and
chemical process control (81).
Video analysis of team performance is an extremely
valuable training tool because it removes any challenge
to factual events, helps trainees clearly visualize each
event, and can be used as a permanent record or an
archive for future educational activities.

REFERENCES

1. Petrie D, Lane P, Charyk Stewart T. An evaluation of patient
outcomes comparing trauma team activated versus trauma
team not activated using TRISS analysis. J Trauma 1996;
41:870–875.

2. Khetarpal S, Steinbrunn BS, McGonigal M, et al. Trauma
faculty and trauma team activation: Impact on trauma
system function and patient outcome. J Trauma 1999; 47:
576–581.

3. Bowles S, Ursin H, Picano J. Aircrew perceived stress: examin-
ing crew performance, crew position and captain’s personality.
Aviat Space Environ Med 2000; 71:1093–1097.

4. Foushee HC, Helmreich RL. Group interaction and flight

crew performance. In: Wiener EL, Nagel DC, eds. Human
Factors in Aviation. San Diego, California: Academic Press,
1988:189–227.

5. Jones DG, Endsley MR. Sources of situation awareness errors
in aviation. Aviation Space Environ Med 1996; 67:507–512.

6. Kanki BG, Lozito S, Foushee HC. Communication indices of
crew coordination. Aviat Space Environ Med 1989; 60:56–60.

7. Reason J. Human Error. Cambridge, UK: Cambridge Univer-
sity Press, 1990.

8. Reason J. Understanding adverse events: human factors. Qual
Health Care 1995; 4:80–89.

9. Perrow C. Normal Accidents: Living with High-Risk Technol-
ogies. New York: BasicBooks, 1984.

10. Kletz T. Learning From Accidents. 2nd ed. Oxford, U.K.:
Butterworth-Heinemann, 1994.

11. Rasmussen J. The role of error in organizing behavior.
Ergonomics 1990; 33:1185–1199.

12. Kohn LT, Corrigan JM, Donaldson MS. To Err is Human:
Building a Safer Health System. Washington, D.C.: National
Academy Press, 1999.

13. Bradford DL, Cohen AR. Managing for Excellence: The Guide
to Developing High Performance Contemporary Organiz-
ations. New York: John Wiley & Sons, 1984.

14. Katzenbach JR, Smith DK. The Wisdom of Teams: Creating the
High Performance Organization. Cambridge, MA: Harvard
Business Review, 1993.

15. Weick KE, Roberts KH. Collective mind in organizations:
Heedful interrelating on flight decks. Admin Sci Q 1993;
38:357–381.

16. Weinger, MB. Enhancing your power and influence on the OR
team. Refresher Courses in Anesthesiology 1999; 27:199–210.

17. Curtis K. Nurses’ experiences of working with trauma patients.
Nurs Stand 2001; 16:33–38.

18. Donchin Y, Gopher D, Olin M, et al. A look into the nature and
causes of human errors in the intensive care unit. Crit Care
Med 1995; 23:294–300.

19. Schull MJ, Ferris LE, Tu JV, et al. Problems for clinical judge-
ment: Thinking clearly in an emergency. Canad Med Assoc J
2001; 164:1170–1175.

20. Weick K. Prepare your organization to fight fires. Harvard
Business Review 1996; 96–311.

21. Hill LA. Managing your team. Harvard Business School Teach-
ing Note. 9-494-081. 3/28/95.

22. Aram JD. Individual and group. Dilemmas of Administrative
Behavior. Chapter 13. Englewood, NJ: Prentice-Hall, 1976:75–95.

23. Janis IL. Groupthink. Psychology Today. New York: Ziff-Davis
Publishing Co, 1971.

24. Driscoll PA, Vincent CA. Organizing an efficient trauma team.
Injury 1992; 23:107–110.

25. Alexander R, Proctor H. Advanced Trauma Life Support
Course. Chicago, IL: American College of Surgeons, 2001.

26. Hoff WS, Reilly PM, Rotondo MF, et al. The importance of the
command-physician in trauma resuscitation. J Trauma 1997;
43:772–777.

27. Cooper S, Wakelam A. Leadership of resuscitation teams:
“Lighthouse Leadership”. Resuscitation 1999; 42:27–45.

28. Champion HR, Sacco WJ, Gainer PS, Patow SM. The effect
of medical direction on trauma triage. J Trauma 1988; 28:235–239.

29. Woody JR, McKinney EH, Barker JM, Clothier CC. Comparison
of fixed versus formed aircrews in military transport. Aviat
Space Environ Med 1994; 65:153–156.

30. Simon R, Morey JC, Rice MM, et al. Reducing errors in emer-
gency medicine through team performance: The MedTeams
project. In: Scheffler AL, Zipperer L, eds. Enhancing Patient
Safety and Reducing Errors in Health Care. Chicago, IL:
National Patient Safety Foundation, 1998:142–146.

31. Sugre M, Seger M, Kerridge R, et al. A prospective study of
the performance of the trauma team leader. J Trauma 1995;
38:79–82.

32. Townsend RN, Clark R, Ramenofsky ML, Diamond DL. ATLS-
based videotape trauma resuscitation review: education and
outcome. J Trauma 1993; 34:133–138.

Chapter 6: Trauma Team Performance 111



33. Chidester TR, Helmreich RL, Gregorich SE, Geis CE. Pilot per-
sonality and crew coordination: Implications for training and
selection. Int J Aviat Psychol 1991; 1:25–44.

34. AAMI HC. The human factors design process for medical
devices (ANSI/AAMI HE-74:2001). Arlington, VA: Association
for the Advancement of Medical Instrumentation, 2001:38.

35. Swezey RW, Salas E. Teams: Their Training and Performance.
Norwood, New Jersey: Ablex Publishing, 1992.

36. Huey BM, Wickens CD. Workload Transition: Implications for
Individual and Team Performance. Washington, D.C.: National
Academy Press, 1993.

37. Helmreich RL, Schaefer H.-G. Team performance in the operating
room. In: Bogner MS, ed. Human Error in Healthcare. Hillsdale,
NJ: Lawrence Erlbaum and Associates, 1994, 11:225–258.

38. Brannick MT, Salas E, Prince C. Team Performance Assessment
and Measurement. Mahwah, NJ: Lawrence Erlbaum and
Associates, 1997.

39. Weinger MB, Smith NT. Vigilance, alarms, and integrated
monitoring systems. In: Ehrenwerth J, Eisenkraft JB, eds.
Anesthesia Equipment: Principles and Applications. Malvern,
PA: Mosby Year Book, 1993:350–384.

40. Weinger M, Englund C. Ergonomic and human factors affecting
anesthetic vigilance and monitoring performance in the operat-
ing room environment. Anesthesiology 1990; 73:995–1021.

41. Lundstrom T, Pugliese G, Bartley, J et al. Organizational and
environmental factors that affect worker health and safety
and patient outcomes. Am J Infect Control 2002; 30:93–106.

42. Wears RL, Perry SJ. Human factors and ergonomics in the
emergency department. Ann Emerg Med 2002; 40:206–212.

43. Weinger MB, Ancoli-Israel S. Sleep deprivation and clinical
performance. JAMA 2002; 287:955–957.

44. Howard SK, Rosekind MR, Katz JD, Berry AJ. Fatigue in
anesthesia. Anesthesiology 2002; 97:1281–1294.

45. Gaba DM, Howard SK. Fatigue among clinicians and the safety
of patients. N Engl J Med 2002; 347:1249–1255.

46. Veasey S, Rosen R, Barzansky B, et al. Sleep loss and fatigue in
residency training: A reappraisal. JAMA 2002; 288:1116–1124.

47. Bonnet MH. Sleep deprivation. In: Kryger MH, Roth T, Dement
WC, eds. Principles and Practice of Sleep Medicine. 3rd ed.
Philadelphia: W.B. Saunders, 2000:53–71.

48. Taffinder NJ, McManus IC, Gul Y, et al. Effect of sleep depri-
vation on surgeon’s dexterity on laparoscopic simulator.
Lancet 1998; 352:1191.

49. Dawson D, Reid K. Fatigue, alcohol and performance impair-
ment. Nature 1997; 388:235.

50. Grantcharov TP, Bardram L, Funch-Jensen P, Rosenberg J.
Laparoscopic performance after one night on call in a surgical
department: prospective study. Brit Med J 2001; 323:1222–1223.

51. Smith M. Occupational Stress. New York: John Wiley and Sons,
1986.

52. Bignell V, Fortune J. Understanding System Failures.
Manchester, England: Manchester University Press, 1984.

53. Gaba DM, Fish K, Howard SK. Crisis Management in Anesthe-
siology. New York: Churchill Livingstone, 1994.

54. Xiao Y, Mackenzie CF, Patey R, et al. Team coordination and
breakdowns in a real-life stressful environment. Proc Human
Factors Ergo Soc 1998; 42:186–190.

55. Dutton R, Cooper C, Jones A, et al. Daily multidisciplinary
rounds shorten length of stay for trauma patients. J Trauma
2003; 55: 913–919.

56. Barach P. Enhancing patient safety and reducing medical error:
The role of human factors in improving trauma care. In:
Soriede E, Grande C, eds. Prehopsital Trauma Care. Baltimore:
ITTACS, 2002:767–777.

57. Klein G. Sources of Power: How People Make Decisions.
Cambridge, MA: The MIT Press, 1998.

58. Klein GA. Recognition-primed decisions. Adv Man-Machine
Syst Research 1989; 5:47–92.

59. Shanteau J. Competence in experts: The role of task character-
istics. Organ Behav Human Decision Processes 1992; 53:252–262.

60. Sarter NB, Woods DD. Situation awareness: A critical but ill-
defined phenomenon. Int J Aviat Psychol 1991; 1:45–47.

61. Endsley MR. Measurement of situation awareness in dynamic
systems. Human Factors 1995; 37:65–84.

62. Cannon-Bowers JA, Salas E, Converse S. Shared mental models
in expert team decision making. In: Castellan NJ, ed. Individ-
ual and Group Decision Making: Current Issues. Hillsdale,
NJ: Lawrence Erlbaum Associates, 1993:221–246.

63. Serfaty D, Entin E, Volpe C. Adaptation to stress in team
decision-making and coordination. Proc Human Factors Ergo
Soc 1993; 37(2):1228–1232.

64. Serfaty D, Entin EE, Johnston JH. Team coordination training.
In: Cannon-Bowers JA, Salas E, eds. Making Decisions Under
Stress–Implications for Individual and Team Training.
Washington, DC: American Psychological Association, 1998:
221–245.

65. Baker CV, Salas E, Cannon Bowers JA, Spector P. The effects of
inter-positional uncertainty and workload on teamwork and
task performance. Proc Soc Indust Organ Psychol 1992.

66. Volpe CE, Cannon-Bowers JA, Salas E, Spector PE. The impact
of cross-training on team functioning: An empirical investi-
gation. Human Factors 1996; 38:87–100.

67. Cannon-Bowers JA, Salas E, Blikensderfer E, Bowers CA. The
impact of cross-training and workload on team functioning:
A replication and extension of initial findings. Human
Factors 1998; 40:92–101.

68. Salas E, Dickenson TL, Converse SA, Tannenbaum SI. Toward
an understanding of team performance and training. In:
Swezey RW, Salas E, eds. Teams: Their Training and Perform-
ance. Norwood, New Jersey: Ablex Publishing, 1992.

69. Foushee HC. Dyads and triads at 35,000 feet: Factors affecting
group processes and aircrew performance. Am Psychologist
1984; 39:885–893.

70. Helmreich RL, Merritt AC, Wilhelm JA. The evolution of crew
resource management training in commercial aviation. Int J
Aviat Psychol 1999; 9:19–32.

71. Howard SK, Gaba DM, Fish K, et al. Anesthesia crisis
resource management training: Teaching anesthesiologists to
handle critical incidents. Aviat Space Environ Med 1992;
63:763–770.

72. Gaba DM, Howard SK, Fish KJ, et al. Simulation-based training
in anesthesia crisis resource management (ACRM): a decade of
experience. Simul Gaming 2001; 32:175–193.

73. Small SD, Cooper JB. Report on a confidential interview proto-
col applied to the study of actual adverse events in periopera-
tive care and the impact of realistic simulation training.
Proceedings of Enhancing Patient Safety and Reducing Errors
in Health Care. Chicago, Illinois: National Patient Safety Foun-
dation, 1999:288–91.

74. Reznick M, Smith-Coggins R, Howard SK, et al. Emergency
Medicine Crisis Resource Management (EMCRM): Pilot
study of a simulation-based crisis management course for
emergency medicine. Acad Emerg Med 2003; 10:386–389.

75. Small SD, Wuerz RC, Simon R, et al. Demonstration of high-
fidelity simulation team training for emergency medicine.
Acad Emerg Med 1999; 6:312–323.

76. Lighthall GK, Barr J, Howard SK, et al. Use of a fully simulated
ICU environment for critical event management training
of internal medicine residents. Crit Care Med 2003; 31:2437–
2443.

77. Morey JC, Simon R, Jay GD, et al. Error reduction and perform-
ance improvement in the emergency department through
formal teamwork training: Evaluation results of the MedTeams
Project. Health Serv Res (HSR) 2002; 37:1553–1581.

78. Stillman P, Swanson D, Regan MB, et al. Assessment of clinical
skills of residents utilizing standardized patients. Ann Intern
Med 1991;114:393–401.

79. Swanson DB, Stillman P. The use of standardized patients for
teaching and assessing clinical skills. Eval Health Prof 1990;
13:79–80.

80. Schwid HA, Rooke GA, Ross BK, Sivarajan M. Use of a compu-
terized advanced cardiac life support simulator improves
retention of advanced cardiac life support guidelines better
than a textbook review. Crit Care Med 1999; 27:821–824.

112 Barach and Weinger



81. Gaba DM. Human work environment and anesthesia simu-
lators. In: Miller RD, ed. Anesthesia. 5th ed. New York:
Churchill-Livingstone, 2000:2613–2668.

82. Tekian A, McGuire C, McGaghie W. Innovative Simulations for
Assessing Professional Competence. Chicago, IL: University of
Illinois, 1999.

83. Barach P, Fromson J, Kamar R. Ethical and professional con-
cerns of simulation in professional assessment and education.
Am J Anesth 2000; 12:228–231.

84. Barach P, Satish U, Streufert S. Healthcare assessment and per-
formance. Simul Gaming 2001; 32:147–155.

85. Holzman RS, Cooper JB, Gaba DM, et al. Anesthesia crisis
resource management: real-life simulation training in operat-
ing room crises. J Clin Anesthesiol 1995; 7:675–687.

86. Hammond J, Bermann M, Chen B, Kushins L. Incorporation
of a computerized human patient simulator in critical care
training: A preliminary report. J Trauma 2002; 53:1064–1067.

87. Holcomb JB, Dumire RD, Crommett JW, et al. Evaluation of
trauma team performance using an advanced human patient
simulator for resuscitation training. J Trauma 2002; 52:1078–1086.

88. Lee SK, Pardo M, Gaba DM, et al. Trauma assessment training
with a patient simulator: A prospective, randomized study.
J Trauma 2003; 55:651–657.

89. DeAnda A, Gaba DM. Unplanned incidents during compre-
hensive anesthesia simulation. Anesth Analg 1990; 71:77–82.

90. Gaba DM, DeAnda A. The response of anesthesia trainees to
simulated critical incidents. Anesth Analg 1989; 68:444–451.

91. Devitt JH, Kurrek MM, Cohen MM, et al. Testing internal
consistency and construct validity during evaluation of
performance in a patient simulator. Anesth Analg 1998; 86:
1160–1164.

92. Kurrek MM, Devitt JH, Cohen M. Cardiac arrest in the OR:
How are our ACLS skills? Can J Anaesth 1998; 45:130–132.

93. Oser RL, Salas E, Merket DC, Bowers CA. Applying resource
management training in naval aviation: A methodology and
lessons learned. In: Salas E, Bowers CA, Edens E, eds. Improv-
ing Teamwork in Organizations: Applications of Resource
Management Training. Mahwah, NJ: Lawrence Erlbaum,
2001:283–301.

94. Seropian MA. General Concepts in Full Scale Simulation:
Getting Started. Anesth Analg. 2003; 97(6):1695–1705.

95. Christansen U, Barach P. Simulation in anesthesia. In: Romano
E, ed. Anesthesia Generale Speciale: Principles Procedures and
Techniques, 2nd ed. Turin, Italy: Pergamon Press, 2004.

96. Ressler E, Armstrong J, Forsythe G. Military mission rehearsal:
From sandtable to virtual reality. In: Tekian A, McGuire C,
McGaghie W, eds. Innovative Simulations for Assessing Pro-
fessional Competence. Chicago, IL: University of Illinois,
1999:157–176.

97. Cannon-Bowers JA, Salas E. A framework for developing team
performance measures in training. In: Brannick MT, Salas E,
Prince C, eds. Team Performance Assessment and Measure-
ment. Mahwah, NJ: Lawrence Erlbaum, 1997:45–62.

98. “Performance Measurement in Teams”. Team Training Series,
Book 2. Naval Air Warfare Center Training Systems Division,
Orlando, Florida.

99. Hoyt DB, Shackford SR, Fridland PH, et al. Video recording
trauma resuscitations: an effective teaching technique. J
Trauma 1988; 28:435–440.

100. Michaelson M, Levi L. Videotaping in the admitting area: a
most useful tool for quality improvement of the trauma care.
Eur J Emerg Med 1997; 4:94–96.

101. Byrne AJ, Sellen AJ, Jones JG, et al. Effect of videotape feedback
on anaesthetists’ performance while managing simulated
anaesthetic crises: A multicentre study. Anaesthesia 2002; 57:
169–182.

102. Scherer L, Chang M, Meredith J, Battistella F. Videotape review
leads to rapid and sustained learning. Am J Surg 2003; 185:
516–520.

103. Ellis DG, Lerner EB, Jehle DV, et al. A multi-state survey of
videotaping practices for major trauma resuscitations. J
Emerg Med 1999; 17:597–604.

104. Weinger MB, Gonzales DC, Slagle J, Syeed M. Video capture of
clinical care to enhance patient safety: The nuts and bolts. Qual
Safe Health Care 2004;13:136–144.

105. Ritchie PD, Cameron PA. An evaluation of trauma team leader
performance by video recording. Austral New Zeal J Surg 1999;
69:183–186.

106. Gaba DM, Howard SK, Flanagan B, et al. Assessment of clinical
performance during simulated crises using both technical and
behavioral ratings. Anesthesiology 1998; 89:8–18.

107. Cannon-Bowers JA, Salas E. Making Decisions Under Stress:
Implications for Individual and Team Training. Washington,
D.C.: American Psychological Association, 1998.

108. Hoyt DB, Coimbra R, Potenza B, et al. A twelve-year analysis of
disease and provider complications on an organized level I
Trauma Service: As good as it gets? J Trauma 2003; 54(1):26–37.

109. Marshall RL, Smith S, Gorman PJ, et al. Use of a human patient
simulator in the development of resident trauma management
skills. J Trauma 2001; 51:17–21.

110. Hammond J, Bermann M, Chen B, et al. Incorporation of a com-
puterized human patient simulator in critical care training: A
preliminary report. J Trauma 2002; 53(6):1064–1067.

111. Driskell JE, Johnston JH. Stress exposure training. In: Cannon-
Bowers JA, Salas E, eds. Making Decisions Under Stress —
Implications for Individual and Team Training. Washington,
D.C.: American Psychological Association, 1998:191–217.

112. Smith-Jentsch KA, Johnston JH, Payne S. Measuring team-
related expertise in complex environments. In: Cannon-
Bowers JA, Salas E, eds. Making Decisions Under Stress: Impli-
cations for Individual and Team Training. Washington, D.C.:
American Psychological Association, 1998:61–87.

113. Salas E, Rhodenizer L, Bowers CA. The design and delivery of
crew resource management training: Exploiting available
resources. Human Factors 2000; 42(3):490–511.

114. Salas E, Cannon-Bowers JA, Blickensderfer EL. Team perform-
ance and training research: Emerging principles. J Wash Acad
Sci 1993; 83(2):81–106.

115. Salas E, Bowers CA, Cannon-Bowers JA. Military team research:
10 years of progress. Military Psychol 1995; 7(2):55–75.

116. Dillon G, Glyman S, Clauser B, Margolis M. The introduction of
computer-based case submissions into the US Medical Licen-
sing Examination. Academic Med 2002; 77(10):S594–S596.

117. Rosenblatt M, Abrahms K, NY State Society of Anesthesiology.
The use of a human patient simulator in the evaluation and
development of remedial prescription for an anesthesiologist
with lapsed medical skills. Anesth Analg 2002; 94:149–153.

118. Barsuk D, Ziv A, Lin G. Using advanced simulation for recog-
nition and correction of gaps in airway and breathing manage-
ment skills in prehospital trauma care. Anesth Analg 2005;
100(3):803–809.

119. DeVita MA, Schaefer J, Lutz J, et al. Improving medical emer-
gency team (MET) performance using a novel curriculum and
a computerized human patient simulator. Quality & Safety in
Health Care 2005; 14(5):326–331.

120. http://www. hitl.washington.edu/projects/
121. Mackenzie CF, Xiao Y. Video techniques and data compared

with observation in emergency trauma care. Qual Safe Health
Care 2003; 12(suppl 2):ii51–57.

122. “The Role of the Team Leader.” Team Training Series, Book 3.
Naval Air Warfare Center Training Systems Division,
Orlando, Florida.

Chapter 6: Trauma Team Performance 113





7

Transport of the Trauma Patient
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INTRODUCTION

The movement of critically injured patients is potentially
hazardous. However, significant improvements in transport
safety and efficiency have occurred over the last decade
chiefly because of the advances in resuscitation algorithms,
training, and monitoring technology. Onboard resuscitation
capabilities and transport logistics have also progressed.
Because each phase of trauma management is improving,
transport teams are being tasked with the transport of
increasingly severe injuries.

In civilian trauma settings, the focus is centered upon
getting the patient to the trauma center as quickly and as
safely as possible. In military situations, additional factors
(i.e., enemy fire, large distances between injury and surgical
care) complicate transport logistics. In both military and
civilian mass casualty situations, injured patients may first
undergo field triage and stabilization (Volume 1, Chapter 4).
Transport of injured patients in a combat or hostile environ-
ment requires not only a timely and efficient medical evacua-
tion, but also consideration of the tactical status of the location
where the casualty occurred. The time spent devoted to field
stabilization prior to transport depends upon the patient’s
condition, the field conditions, and the organization of the
trauma system. The relative merits of field stabilization
(“stay and play”) versus immediate transport (“scoop and
run”) are covered in Volume 1, Chapter 4.

This chapter focuses only upon the numerous
transportation considerations for prehospital, interhospital,
and (to a lesser degree) intrahospital patient transfers. Both
civilian and military considerations are reviewed through-
out. This chapter surveys the various modes of transport
(i.e., ground, rotary-wing, fixed-wing, etc.) and provides
suggested equipment and training requirements. In addition,
the physiological perturbations that occur with various forms
of transport are examined. During long-range travel

preparation, anticipation of complications and training to
deal with these eventualities becomes even more important.
Special transport circumstances are reviewed including mass
casualties and combat zone evacuations. Transport for
patients injured by weapons of mass destruction (WMD)
can present additional complications. Following the events
of 11 September 2001, it has become evident that civilian
care providers, like their military counterparts, need to
possess basic knowledge and training in disaster and mass
casualty management involving WMDs. These topics are
also covered in this chapter.

Overview
Prior to the 1960s, trauma transport was haphazard, as were
trauma systems in general (1). Civilian prehospital transport
had traditionally been provided by ground ambulance ser-
vices which were generally operated by private funeral
homes. Although many ambulance crews were trained and
reputable, there are reports of some drivers who would
arrive at a scene of an accident and prefer to pick up the
dead because they were more likely to be paid (2).

The modern era of emergency medical services
(EMS) in the United States can be traced to a seminal publi-
cation by the National Academy of Sciences in 1966, which
described the poor state of affairs in the EMS at that time.
The publication provided a blueprint for improvement of
transport and quality of care for trauma patients (1). In the
late 1960s and throughout the 1970s, widespread funding
was made available through the U.S. Department of Trans-
portation and the U.S. Department of Health, Education,
and Welfare to develop EMS, thereby resulting in improved
trauma transport systems and the establishment of over 300
regional trauma centers.

The success of air evacuation experienced by the mili-
tary (starting in WWII with fixed-wing aircraft and later
during the Korean and Vietnam conflicts with helicopters)
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led to widespread application of helicopter transport in
civilian prehospital trauma care (3–5). However, several
recent studies of large statewide or regional systems have
shown that the use of helicopters for on-scene transport of
trauma patients does not influence survival in most urban
settings (6–9). The explanation for the disparity between the
utility of prehospital air evacuation in military applications
and the variable benefits produced by this modality in civilian
practice is multifactorial. Although a complete review is
beyond the scope of this chapter, some of the less disputed
differences are as follows: first, in the military setting, safe
transport out of the combat zone may be impossible without
air transport (thus air evacuation equates to the only chance
for survivial). Second, in the civilian environment, the ten-
dency is to “over-triage” from the field, which leads to artificial
bias in comparisons of injury severity and resource utilization.
Third, ground ambulance is often a quicker mode of patient
delivery to the hospital in urban settings where distances are
short and where it can be potentially more difficult to locate
a “landing zone” in proximity of the scene.

In civilian practice, the greatest role for helicopter use
for medical evacuation from field emergencies is when the
prehospital transport distances are great and/or the geo-
graphic barriers are significant (e.g., mountains, rivers, or
washed-out roads separate victims from the hospital). In
these situations, air transport will significantly reduce the
travel time and substantially increase the survival of criti-
cally injured patients.

The duration of the prehospital interval (the elapsed
time between the initial injury and arrival at the hospital)
can have a direct impact on patient survival, especially
when the patient has a life-threatening injury requiring
immediate surgical intervention (e.g., ruptured spleen,
severe closed head injury, or a major retroperitoneal hemor-
rhage requiring internal iliac artery embolization, etc). In
any case, less time spent with extrication, triage, and stabi-
lization at the scene, (Volume 1, Chapter 4), and less time
spent during transport to a receiving hospital or trauma
center, generally results in better outcomes.

Transportation Guidelines
Guidelines for transport within the hospital (intrahospital)
and between hospitals (interhospital) have been formally
developed by the American Society of Anesthesiologists
(10), the American College of Surgeons Committee on
Trauma (11), and the Society of Critical Care Medicine (12),
among others. Three common themes emerge with all of
these guidelines: (i) patient transport always involves some
degree of risk, (ii) the benefits to be realized must outweigh
these potential risks, and (iii) during transport, the standards
of care (especially monitoring) should be at the same level or
higher than that provided in the setting from which the
patient is being transported.

The level of care during transport should be equal
to or exceed the level of care the patient is receiving prior to

departure.
Figure 1 shows the transport of a patient with life-

threatening respiratory failure from the surgical intensive
care unit (SICU) to the operating room (OR). This patient
is maintained on extracorporeal life support (ECLS). The
transport team consists of the anesthesiologist, the ECLS
attending, the ECLS perfusionist, the bedside critical-care
nurse, and the respiratory therapist. Patients like this are
entirely dependent upon machines and drugs to maintain
hemodynamic and respiratory function. Although loss of
any one of these numerous supportive devices would be

lethal, these patients can be transported within the hospital
when necessary. Indeed, patients requiring this level of
care are transported on a daily basis within hospitals and
occasionally between hospitals in numerous areas around
the world. Some centers (e.g., University of Alabama and
University of Michigan) specialize in the transport of
critically ill patients and do it frequently.

In military transport of critically ill patients, critical
care air transport teams (CCATT) are utilized by the air
force. From Iraq and Afghanistan, the CCATTs transport
the patient from the in-theatre combat support hospital
(CSH) to a higher level of care in Landstuhl, Germany.

Determining Appropriateness of Transport
Severely injured patients in both civilian and military settings
will require urgent transport to the hospital. Thus, the need to
move the patient is self-evident. However, patients already
located inside a hospital may require intrahospital transport
for evaluation and treatment or interhospital transport to
receive a higher level of therapy not provided at the hospital
(e.g., transfer to a burn center). Patients should be
moved from one area of care to another only if the expected
benefit of the transport (diagnostic procedure or operative
management) exceeds the transport risk.

In determining the appropriateness of intrahospital or
interhospital transport, safety and benefit issues have been

Figure 1 Intrahospital transport of a critical care patient on

extracorporeal life support (ECLS). The transport team consists of

the anesthesiologist, the ECLS physician, the operating room

transport nurse, the critical care nurse, and the respiratory therapist.

Each monitors their responsibilities during transport from the

surgical intensive care unit to the operating room. Source: Courtesy

of Maureen McCunn, Maryland, U.S.A.
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assessed in a recent review by Stevenson et al. (13).
The authors summarize the major findings in the available
transport literature and conclude that, although transport is
associated with physiological changes in patients, case-
controlled matching demonstrates that these alterations in
vital signs are often not different from changes that may
have occurred in the patient without movement from their
existing location (i.e., within the SICU). However, monitoring
must be optimized during transport to detect alterations
before harm occurs.

The transport personnel must assume that pertur-

bations in the patient’s status will occur during transport
and be prepared for these changes.

Being prepared to manage perturbations in patient
status requires experience and training and a high level of
monitoring, as well as the ability to make therapeutic inter-
ventions during transport. The latter requires continued
availability of resuscitation equipment, drugs, and the
presence of appropriate personnel during the transport.

PREHOSPITAL AND INTERHOSPITALTRANSPORTMODES

In combat situations, rotary-wing aircraft are often used for
initial evacuation and transport to a receiving hospital.
In civilian practice, ground ambulance is most commonly

used. For interhospital transport, all three modes (ground
ambulance, rotary-wing aircraft, and fixed-wing aircraft)
are used. In special circumstances, other modes such as
human carriage, mule trains, cars and taxis, trucks, buses,
locomotive trains, or watercraft can be adapted for patient
transport. Each transportation modality has strengths and
weaknesses, as outlined in Table 1.

Ground Travel
Ground ambulance is the most widely used mode of
transportation because of its simplicity and widespread
availability (Fig. 2). Ground ambulances can be config-
ured to closely duplicate the capabilities found in the
trauma bay and in the SICU. The major disadvantage of
a ground ambulance is the long time it takes to cover large
distances, increasing the patient’s exposure to the risks of
transport. When the travel distances are relatively short
and open roadways are available, ground transportation is
safer and more cost efficient, without any diminution in
patient outcome (8). Shatney et al. (9) reported a retrospective
review of 947 consecutive trauma patients transported to their
urban trauma center, finding that 33.5% of patients
transported by helicopter were discharged directly from the
emergency/casualty department and not admitted to the
hospital (i.e., “over-triage”) and that few of those in need of
urgent transport benefited beyond the care they would have
received if transported by ground.

Table 1 Modes of Transport

Mode Advantages Disadvantages

Ground ambulance Simple to operate and maintain, and generally

available

Best for short distances (5–10 miles), quicker to

and from the scene

Unable to cross geographical barriers (i.e.,

mountain ranges, flooded roadways

Slower for travel of long distances. Less safe in

hostile territory

Rotary-wing aircraft Short range, runway not required

Airport not required

Can land in hostile territory, or difficult terrain

Best for 50 to 150 miles

Useful in search and rescue, some models can be

refueled in midair

High cost and complex to operate

Inefficient for disasters with large number of

casualties (only small number of patients

transported at a time)

Fixed-wing aircraft

(small)

Faster runway to runway travel

Uses shorter, unimproved runways

Best for 150 to 300 miles

High cost and complexity

Aircraft may be better utilized in the disaster

area for other purposes

Fixed-wing aircraft (large) Advanced en route care is facilitated

Carries more patients

Long range missions possible (e.g., .20 hr with

aerial refueling)

More efficient medical crew can manage multiple

patients

Best for .300 miles

Very high cost and complexity

Longer, improved runways required

Requires detailed planning and coordination

between sending, evacuation, and receiving

medical teams

Military fixed-wing

In-theatre

Medevac patient

transport: C-130

(unrefueled range 1500

nautical miles)

Rugged design

Capable of landing and takeoff on dirt runways

Best for intratheater transport of multiple

casualties 75 to 750 miles

Noisy, bumpy

Often very tight quarters

Although the plane often survives in hostile

territory, the patients and passengers can

“experience violent conditions”

Military fixed-wing

transcontinental

Medevac patient

transport: C-17

(unrefueled range 5200

nautical miles)

Capable of steep take-off and landings

Requires relatively short runway (3000 feet)

Best for intercontinental medevac and patients

transport

Few disadvantages when used for intended

purpose

If forced into action for short distances (,150

miles) may not be fuel efficient
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Rotary-Wing Transport
Rotary-wing aircraft offer a significant speed advantage over
intermediate distances (50–150 miles), as well as when road
conditions interfere with safe or rapid transport (Fig. 3).

Civilian interhospital transfers and prehospital transport
in urban areas have not been shown to benefit from helicop-
ter transport (14,15). Although emergency patient trans-
port by any conveyance method contains hazards, the use
of rotary-wing aircraft carries additional risks for the crew
and the patient not usually encountered with other transport
modalities. Indeed, a significant and continued increase in
the number of medical helicopter accidents occurred
during a recent 10-year survey of civilian medical helicopter
service (16). Hospitals offering air transport should have an
adequate area for helicopter landings, simplifying the trans-
fer from the hospital to the vehicle. Drawbacks include
increased cost and complexity and limited ability to
operate in adverse weather conditions compared with a
ground ambulance.

The noise, vibration, and available space in the cabin
of a typical rotary-wing aircraft make patient assessment
and treatment far more challenging (Fig. 3B). However,
during certain disaster scenarios, helicopter transport may
represent the only viable form of prehospital delivery or
intrahospital transport. For example, following Hurricane
Katrina, New Orleans roads were flooded in 80% of the
city, obviating ground rescue and transport. Hospital
evacuations were accomplished using combinations of

helicopters (Fig. 4A), boats (Fig. 4B), which then transferred
patients to either ambulances or rotorcraft (Fig. 4C) for
completion of evacuation to the major staging areas
(Fig. 4D) and then to Louis Armstrong New Orleans Inter-
national Airport where fixed-wing aircraft were used to
transport patients out of the city (Fig. 4E).

Fixed-Wing Transport
Fixed-wing aircraft are most beneficial when transport-

ing patients over long distances (usually .300 miles for
large planes), as may be required when the patient is

located in a remote area, or when highly specialized care
is required for a rural-based patient. As with rotary-
wing aircraft, airplanes are expensive and complex to
operate. Furthermore, there is comparably less landing flexi-
bility, as these aircraft must operate from an airfield, requir-
ing an additional transfer involving a ground ambulance to
ferry the patient between the airplane and hospital. Finally, a
fixed-wing aircraft typically operates at higher altitudes and
presents additional physiological stresses during flight
(discussed later in the chapter).

Miscellaneous Modes of Transportation
Hospital ships and smaller ambulance boats are also used
for transport of injured patients over waterways and sea.
In general, boats are slower than other motorized modes of
transportation. However, in certain regions of the world

Figure 2 Custom-designed motor vehicle for civilian ground transport of critically ill trauma patients. (A) Side view: large

converted panel truck vans such as this can carry multiple patients simultaneously when outfitted and staffed to do so. (B) Interior

view: the monitoring and communication station in foreground and patient resuscitation and monitoring in the background.

Source: Courtesy of Maureen McCunn, Maryland, U.S.A.

Figure 3 Civilian life-flight helicopter set-up for transport of critically ill trauma patient. (A) Shows landing on road in San Bernardino

mountains. Highway patrol holds traffic while patient is loaded. (B) Inside view: tender in position to manage the airway. Patient is intubated

and mechanically ventilated. Both (A) and (B) show Bell 222 Model B rescue helicopter. Source: Courtesy of Kelly Forman, Mercy Air

Medical Services, Rialto, California, U.S.A.
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Figure 4 Rescue and evacuation of Hurricane Katrina victims. (A) Roof rescue. (B) Boat rescue worker. (C) Loading wheelchair

victim into helicopter. (D) Staging area with triage centers (not shown). (E) Evacuation by air force cargo plane.

Source: Courtesy of the U.S. 5th Army.
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with long shore lines, or large concentrations of island archipe-
lagos, combinations of ground ambulance and ferry (for short
distances) may be the quickest method of casualty transport.

In many low-income nations, prehospital transport
commonly occurs in carts or on animals and may cover
extremely long distances. Public transportation is also used
when the injured do not have access to ambulance services
or cannot afford to pay with cash. Basic first-aid training of
private vehicle drivers in middle-income countries and of
citizens in low-income countries has been shown to decrease
mortality (17,18).

PREPARATION
Transport Team Members
The personnel needed to ensure safe transport can vary
depending upon patient characteristics and destination
issues as shown in Table 2. The optimum composition of
the transport team is defined by a combination of features
including the complexity of transport, equipment required,
whether the transport is pre-, intra-, or interhospital, as
well as established hospital, state, or military policies. For
example, the U.S. Air Force CCATT is staffed by an intensi-
vist physician, a critical care or emergency medicine nurse,
and a cardiopulmonary technician.

The transport team leader should be trained to
manage patients of all ages and be prepared to deal with a
multitude of acute trauma and medical conditions.
Additional team members should also be experienced in
the transport of critically injured patients.

Equipment
The equipment required varies depending upon the level of
care provided during transport (Table 3). The equipment sug-
gestions listed in Table 3 are general guidelines only, and each
transport should be individualized to the patient and situ-
ation. In all cases, standards during transport must
match the minimum care provided prior to transport.
Additionally, all patients must be assured to have adequate
oxygen supply for the expected duration of the transport,
and a backup supply must be available (discussed sub-
sequently). A functioning suction device with tubing and a
Yankauer (tonsil) suctioning tip is also mandatory. A self-
inflating resuscitation bag (e.g., bag-valve-mask, Ambuw)
is capable of delivering at least 90% oxygen as a means
of positive pressure ventilation. Basic minimum monitoring
equipment includes pulse oximetry, electrocardiography

(ECG), blood pressure (BP), and core temperature monitor-
ing devices.

A combined patient transport, monitoring, and
support system has recently been introduced into the mar-
ketplace and is termed the Life Support for Trauma and
Transport (LSTATw), (Integrated Medical Systems, Inc.,
Signal Hill, California, U.S.A.). This platform integrates a
ventilator, onboard oxygen, fluid infusors, suction, defibril-
lators, blood chemistry analyzer, physiological monitoring,
data logging, and a portable power supply in a self-
contained unit (Fig. 5). The LSTAT has been employed by
international military communities since 1998 and is cur-
rently in use in Afghanistan and Iraq by some U.S. military
units. The LSTAT has recently been evaluated for intrahospi-
tal transport at LAC-USC Medical Center where it was
found to be safe and able to decrease staffing during move-
ment of complex patients (19).

Long-range transport requires a more complex prep-
aration. In addition to personnel, monitoring capabilities
and equipment availabilities are also important to ensure
safest transport. At a minimum, transport equipment tools
should include airway tools, basic resuscitation medications,
abundant oxygen, resuscitation fluids, and other supplies.

Safety Considerations
The following five factors (summarized in Table 4) must be
considered when assessing the safety of emergency (prehos-
pital), and usually less-urgent (interhospital) transport of
critically ill patient:

1. In emergency transport from combat zones, resuscitation
and stabilization may not be possible before evacuation
and, by necessity, must occur en route. In civilian prac-
tice, the relative emphasis on pretransport resuscitation
and stabilization is dictated by local practice (Volume 1,
Chapter 4) and the severity of injuries, whereas interhos-
pital transport should only occur after adequate resusci-
tation and stabilization has been achieved (20–22).

2. Early trasport is the critical goal of prehospital care,
because the major causes of early morbidity and
mortality are exsanguination and neurological injuries.
Interhospital transport should only occur after the
patient is stabilized (as above), all life-threatening injuries
are diagnosed, and the patient is at least provisionally
treated (22). In elective settings, “early transport”
means to do so before secondary problems occur (e.g.,

Table 2 Personnel Required for Transporta

Personnel Prehospital Interhospital Intrahospital

Patient care Paramedic, corpsman,

physician (Europe)

Critical care nurse or

physician

Anesthesia provider or critical care nurse (plus

one additional person) þ/2 respiratory

therapist þ/2 physician

Physical transport of patient EMT, fireman,

military personnel

EMT, paramedic Additional person

(nurse, orderly, etc.)

Emergency vehicle

operator

One driver—ambulance;

pilot and co-pilot if air

(rotary and fixed wing)

One driver—ambulance;

pilot and co-pilot if air

(rotary and fixed wing)

Not required

Optimum but often

unavailable

Physician Physician Physician

Optional Respiratory therapist Respiratory therapist Respiratory therapist

aWill depend upon degree of illness/injury and length of transport.

Abbreviation: EMT, emergency medical technician.
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infection, sepsis, and acute respiratory distress
syndrome), which make transport more dangerous.

3. Patient stability is nearly impossible to assure immedi-
ately following injury. However, in the less-urgent inter-
hospital transport setting, physicians (or other members
of the transport team) should possess the training
necessary to keep the patient stable during transport
(23–25). If the patient requires intravenous infusions
(including inotropes and/or pressors for cardiovascular
support), administration of these drugs should continue
during transport and those requiring mechanical venti-
lation should not be weaned to extubation immediately
prior to transport (23).

4. Specialized transport teams improve safety (22,26).
Although combat situations can preclude the presence
of specialized trained personnel at the first level of
care, the “medical evacuation (MEDEVAC)” care
beyond that point typically involves such teams. Most
civilian prehospital systems also have specialized
teams, but financing for his capability is variable.
Accordingly, some less-wealthy countries or states do
not provide this level of care. When trained pro-
fessionals are not available, as in some low-income

nations, commercial drivers have been educated to
provide basic first aid, which has improved prehospital
care and survival for some of these trauma victims
(27). Even in the absence of formal EMS, improvements
in the process of prehospital transport care are possible
by building upon the existing, although informal,
patterns of prehospital transport. Elective civilian trans-
port between hospitals (which can be scheduled to occur
during daytime working hours) should always include
transport teams with specialized training when possible.

5. Physician accompaniment improves patient outcomes
(20,22). Although not always practical (especially in
prehospital and combat evacuation settings), physician
accompaniment increases the quality of care, and the
likelihood that complications occurring during transport
will be appropriately managed.

POTENTIALTRANSPORTCOMPLICATIONS

Anticipating complications and devising diagnostic and
treatment plans to remedy life-threatening conditions en
route should be routine practice for transport teams.

Table 3 Suggested Equipment for Various Levels of Transport

Basic transporta Advanced transportb High level transport of critically ill patientsc

Oxygen cylinder Oxygen cylinder Oxygen cylinder with backup supply

“Self-inflating bag”d with PEEP

valve, facemask, oral airways

“Self-inflating bag”d with PEEP valve,

facemask, oral airways

“Self-inflating bag”d with PEEP valve,

facemask, oral airways

Stethoscope Stethoscope Stethoscope

Assorted laryngoscope blades,

endotracheal tubes, tape, CO2

detectors, suction machine

Assorted laryngoscope blades, endotracheal

tubes, tape, CO2 detectors, suction

machine

Assorted laryngoscope blades, endotracheal

tubes, tape, CO2 detectors, suction

machine

Pulse oximeter Pulse oximeter Pulse oximeter

ECG monitor ECG monitor ECG monitor

BP monitor Transport ventilator Transport ventilator

— Invasive monitors (PA catheter, ICP) Invasive monitors, arterial (ALINE)

(PA catheter, ICP)

Transport ventilator Transport ventilator or ICU ventilator or

LSTATw

ICU ventilator with battery pack

Intubation drugs, emergency

resuscitation drugs

Intubation drugs, emergency resuscitation

drugs

Intubation drugs, emergency resuscitation

drugs

ACLSw drugs ACLSw drugs ACLSw drugs

— Extra bags of vasoactive infusions Extra bags of vasoactive infusions

— Infusion pumps Infusion pumps

Blood products, as needed Blood products, as needed Blood products, as needed

No lab No lab or LSTATw blood sampling Portable blood gas and electrolyte machine

Additional interhospital equipment

Suction Suction Suction

— — Bronchoscope

Defibrillator Defibrillator Defibrillator

— Chest tubes Chest tubes

— Ventilator with battery pack and

backup ventilator

Ventilator with battery pack and

backup ventilator

aAssumes mechanical ventilation in a stable patient.
bAssumes mechanical ventilation, vasoactive infusions, and full invasive monitoring in a potentially unstable patient.
cAssumes high-level mechanical ventilation, vasoactive infusions, and full invasive monitoring in a patient with imminent life-threatening disease and multiple

organ support.
dExample: Ambuw bag.

Abbreviations: ACLSw, Advanced Cardiac Life Support; ECG, electrocardiogram; ICP, intracranial pressure; ICU, intensive care unit; LSTATw, Life Support

for Trauma and Transport; PA, pulmonary artery; PEEP, positive-end expiratory pressure.

Chapter 7: Transport of the Trauma Patient 121



Adverse changes in vital signs that occur during trans-
port have been described in detail (28–31). These include
significant changes in heart rate, BP, oxygenation, CO2

exchange, and dysrhythmias. The mechanism of injury and
the current clinical state of the patient should guide the
decision-making processes in diagnosing and managing
acute changes in patient status. For example, new onset of
hypotension, encountered while transporting a patient
from the field to the trauma center following a gunshot
wound to the chest, may be approached quite differently
than hypotension that occurs during transport of a septic
patient from the SICU to the OR.

Familiarity with mechanisms and the resulting
patterns of injury due to trauma is necessary to adequately
diagnose and treat adverse changes in vital signs that
inevitably occur during transport.

Trauma patients in the field generally benefit from a
more rapid transport and less pretransport stabilization
time at the scene (32,33), whereas patient transport between
hospitals generally has less urgency. Patients already
located at a medical center should not begin transport to
another facility (interhospital transport) when in an
obvious unstable condition. Intrahospital transport of
unstable patients is also generally not recommended.
However, patients may occasionally need emergency trans-
port from one location to another within a hospital in order
to provide therapy not available in the current setting. For
example, an actively hemorrhaging patient may require
transport to the OR for life-saving vascular control.

Although hemodynamically unstable patients are gen-
erally taken directly to the OR, patients with stable vital
signs on admission may become unstable in the resuscitation
bay or in the computed tomography (CT) scanner. In review-
ing all studies that list the destination of intrahospital trans-
port, it is noteworthy that 50% of the trauma transports are
to the CT suite (13). The majority of trauma patients today
undergo diagnostic CT scan on admission as part of their
initial evaluation. This may explain the findings that most
mishaps that happen during intrahospital transport occur
in the CT area (34). The fact that transport must occasionally
occur for an unstable patient is indisputable. This is
occasionally necessary for a patient who needs to go to the
OR (e.g., for definitive treatment of a Grade IV splenic
injury), to the angiography suite (e.g., for embolization of
arterial bleeding due to severe pelvic disruption), or to
SICU for further resuscitation.

Hemodynamic Stability
Until recently, little was known about the effects of transpor-
tation upon cardiovascular physiology. Following the devel-
opment of coronary care units (CCU) and the ability to
monitor and treat patients after acute myocardial infarction,
it became apparent that these patients needed to be moni-
tored outside the CCU on telemetry units as well.

An early study showed that high-risk cardiac patients
had heart rate increases simply with movement or positional
changes, with potentially serious dysrhythmias temporally
related to the very process of motion or change in posture
(35). In this particular study, however, there were no
changes in BP as a result of these dysrhythmias.

A later examination of cardiovascular responses
compared patients being moved from the OR to the ICU
postoperatively to a cohort of ICU patients being transported
to other areas of the hospital for diagnostic or therapeutic
procedures (36). All patients were followed from 30 minutes

Figure 5 Life Support for Trauma and Transport (LSTATw)

device, manufactured by Integrated Medical Systems. Inc., Signal

Hill, California, U.S.A. The LSTAT is an individualized portable

intensive care system and surgical platform providing resuscitation

and monitoring capability during transport. It is designed for use

throughout the evacuation and treatment process. The third gener-

ation LSTAT, Model 9602 (shown), contains a ventilator, suction,

oxygen system, infusion pump, physiological vital signs monitor

(including invasive lines), clinical blood analyzer, and defibrillator.

These systems are integrated into a network-capable onboard com-

puter. The device has a stand-alone power system and is configured

to NATO litter dimension requirements. (A) End view showing the

display screen, oxygen supply, and suction apparatus. Source:

Courtesy of José A. Acosta, South Eastern Afghanistan, 2005. (B)

Onboard USS Peleliu showing evacuation of marine to waiting

UH-60 chopper. Source: Courtesy of U.S. Navy. (C) In FST tent,

similar to that shown in Volume 1, Chapter 5 (Figs. 5–12 and 5–13).

Source: Courtesy of Integrated Medical Systems, Signal Hill,

California, U.S.A.
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prior to, during, and for 30 minutes after transport. These
investigators studied patients who were transported from
the OR to the ICU, immediately following major surgery.
Patients had undergone cardiac (with bypass), thoracic, or
vascular procedures. There were no serious dysrhythmias
during transport or episodes of significant hypotension.
Increases in heart rate and BP that were significant were
thought to be due to emergence from general anesthesia
during the transport period and immediately thereafter.
The control group of patients who were transported for
studies had no significant changes in vital signs.

Two key themes emerge from a review of the data:
first, patients who have the potential for cardiovascular
instability can be safely transported within the hospital.
Second, the presence of the appropriate personnel, monitor-
ing, and adequate preparation prior to transfer are likely to
be the key ingredients that make safe transport possible.

The ability to make therapeutic interventions at any
time during the peritransport period is an important com-
ponent of safety and supports the concept of an organized

approach to establish a transport program.
Instability during transport can also result from altera-

tions in ventilation, which may cause hypercarbia and
hypoxia. Braman et al. (37) suggested that potentially lethal
hemodynamic changes during transport resulted from
blood gas abnormalities. The study followed 36 patient trans-
ports, approximately half with manual ventilation and the
other half with portable volume ventilation. They found a

significant incidence of hypercarbia and acidemia that led to
hemodynamic complications of hypotension and cardiac
dysrhythmias. Most of these changes were seen in the
manual ventilation group, which prompted the recommen-
dation of transport with a portable ventilator. A later study
by Weg and Haas followed 20 ICU patients who were trans-
ported with manual ventilation. These authors demonstrated
that in cases when the transport ventilator was able to
approximate the same inspired FiO2 and minute ventilation
parameters during transport, which the patient was receiving
prior to transport, no significant changes in hemodynamic
status or blood gas measurements occurred (38).

Excessive hyperventilation during assisted ventilation
should also be avoided. Aufderheide and Lurie (39) showed
that hyperventilation during cardiopulmonary resuscitation
decreased coronary artery perfusion and decreased survival
in a pig model. The use of end-tidal CO2 (PETCO2) moni-
toring can minimize hyperventilation during assisted venti-
lation (40). Moreover, PETCO2 not only reflects the alveolar
ventilation, but also reflects the pulmonary circulation.
Trauma patients with minimal cardiac output (Q̇), resulting
from hemorrhage, will have reduced PETCO2 but increasing
CO2 in tissue (PTissueCO2) and arterial blood (PaCO2), which
can worsen traumatic brain injury (TBI) by causing increased
cerebral blood flow (CBF) and intracranial pressure (ICP).
Accordingly, the PETCO2 is best used to gauge the level of
ventilation during stable Q̇ situations or to evaluate the
adequacy of Q̇ (and efficacy of resuscitation) in a trauma

Table 4 Factors Affecting Prehospital and Interhospital Transportation Safety and Their Relative Importance

Factor Prehospital transport Interhospital transport

Pretransport

resuscitation and

stabilization

Variable importance

In combat situations, resuscitation may not

commence until the patient is evacuated. In

civilian practice, field stabilization is most

appropriate in rural settings and in systems

that provide physicians at the scene (i.e.,

France–German models; Volume 1,

Chapter 4). In urban setting, “scoop and

run” often most efficacious

Critical

Once patient is at a facility that can perform

lifesaving procedures, patient stability must

be assured prior to transport

Early transport Critical

Most common causes of early mortality are

exsanguination and neurological injury,

both of which have improved outcomes with

prompt treatment

Variable importance

When life-threatening injuries are already

treated, urgency to transport diminishes.

However, patients located at a hospital with

limited capabilities (e.g., the absence of

neurosurgeons, CT scanner) have more

urgent need to be shipped early

Patient stability Provided as able

Because of the severity of wounding,

patients may be unstable. Ongoing resusci-

tation (during transport) is often required

Should be assured

All life-threatening injuries should be

treated. Monitoring and administration of

cardiopulmonary support should continue

at the same level as was provided at the

transporting facility

Specialized

transport teams

Optimal

But less important than timely transport by

qualified personnel

Yes

Interhospital transport is rarely so urgent

that specialized teams cannot be assembled

Physician

accompaniment

Optimal

But rarely available except in some

European–civilian settings

As required

If the level of care requires constant

physician attention, then physician

accompaniment is required
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patient who is receiving stable empirically determined
(based upon height and weight) minute ventilation (V̇E)
(see Volume 2, Chapters 8 and 27) (41).

Airway and Respiratory Compromise
Establishment of a definitive airway prior to departure is

of paramount importance for unstable patients.

Although patients may be transported prior to
intubation, whenever patients are critically injured and
unstable, they should have a definitive airway [endotracheal
tube (ETT) or tracheostomy]. Volume 1, Chapter 8 discusses
the basic airway management during the primary survey,
and Volume 1, Chapter 9 discusses the definitive airway man-
agement for trauma.

Whether the transport is from the field, the OR, or the
SICU, the presence of a secure ETT or tracheostomy tube
should be verified prior to transport. Because the personnel
responsible for the transport are also responsible for the
maintenance of the airway during transport, these individ-
uals must be experienced in endotracheal intubation, as
well as emergent placement of a surgical airway.

Changes in respiratory compliance may occur during
transport, placing the patient at risk for barotrauma or volu-
trauma. Noise during air transport can obscure auscultation
of breath sounds. Therefore, particularly in rotary-wing
transports, patients ventilated with pressure-control modes
of ventilation should have a continuous reading of expira-
tory tidal volume displayed; a significant decrease in tidal
volume should alert the clinician to a possible pneumothorax.
Similarly, in the volume-control mode of mechanical venti-
lation, an abrupt increase in the peak inspiratory pressure
may signal a tension pneumothorax, migration of the tube
into the right main-stem bronchus, or an obstruction of the
endotracheal tube. Most current recommendations require
both exhaled volume and continuous pressure monitoring.

Profound respiratory compromise immediately
following traumatic injury triggers a search for treatable
mechanisms that can cause these abrupt changes. Exsan-
guinating hemorrhage may cause a dramatic decrease in
oxygen delivery (ḊO2) to the tissues, resulting in total
organ hypoxia. Pneumothorax or hemothorax may occur
with either blunt or penetrating trauma. Pericardial tampo-
nade is another possibility (more common acutely following
penetrating trauma). Disruption of pulmonary integrity can
result from several insults, including rib fractures with
underlying pulmonary contusions, direct tissue destruction
due to penetration of a foreign substance into the thoracic
cavity, and blast effect and inhalational injury following an
explosion.

Blast injury is also associated with lung injury and
secondary development of air emboli, which can manifest
as altered mental status or focal neurological deficits. In
patients with an altered level of consciousness (e.g., TBI, sub-
stance use), aspiration is another common occurrence that
necessitates endotracheal intubation. Inappropriate atten-
tion to the effects of mechanical ventilation can aggravate
or exacerbate these primary insults. Protective ventilation
strategies should be incorporated to minimize the possibility
of ventilator-induced lung injury (VILI) (42–45).

Patients who develop the ARDS following trauma also
require transport from time-to-time. These critically ill
patients should not be considered “too sick to move” if
they can be transferred to a location that can offer treatments
that might improve outcome. Table 5 lists 39 patients with
profound respiratory failure who were transported from

outlying hospitals to the Shock Trauma Center at the
University of Maryland as candidates for ECLS. Initiation
of therapies unavailable at the referring institutions
(advanced techniques of mechanical ventilation, intermittent
prone positioning therapy, and continuous renal replace-
ment therapy) allowed 23 of the patients to forego ECLS.
Of those who required extra-corporeal support, 49% sur-
vived out of a predicted mortality of nearly 100%. Patients
with ARDS may also require surgery, unrelated to their
lung disease, and may need intrahospital transport from
the ICU to the OR.

Continuation of mechanical ventilation with a
battery-powered transport ventilator throughout transport

helps to maintain mean airway pressure and oxygenation.
This is easily accomplished with portable commer-

cially available transport ventilators with self-contained O2

tanks and battery-supplied power for the ventilator during
the transport period. An alternative to transport is to
“bring the OR to the ICU” and perform the surgery at the
bedside. Although this may be limited to certain procedures,
successful tracheostomies, thoracotomies, and exploratory
laparotomies have been increasingly performed on unstable,
critically ill patients in the SICUs at many advanced trauma
care centers around the world.

Intracranial Pressure Considerations
Perhaps one of the most challenging transport situations
involves the patient with combined severe respiratory
failure and elevated ICP. Maneuvers to minimize VILI,
including decreased tidal volume and increased positive-
end expiratory pressure (PEEP), may also lead to permissive
hypercapnea and result in elevated ICP. If a patient is trans-
ported during the period of maximal postinjury brain edema
(generally occurring on days 3–7), minor perturbations
may increase ICP (46). In addition to hypercarbia-induced
elevation of ICP, both hypoxemia and hypotension have
been shown to correlate with poor outcome in head-
injured patients and must be actively avoided during
transport (47).

Extreme care should be exercised with patients who
have pneumocephalus. Expansion of trapped gas inside
the skull will lead to a marked increase in ICP. Patients

with basilar skull and frontal sinus fractures should be
flown in a pressure-controlled cabin, as these injuries are
associated with pneumocephalus.

Prophylactic hyperventilation is now widely recog-
nized as inappropriate for patients with elevated ICP, and
efforts to assure normocarbia should be made (48).

Table 5 Transport of Extremely Ill Trauma Patients

Males (n ¼ 23) Females (n ¼ 16)

Age, years (mean) 36 40

Illness/injury

Nontrauma 20 11

Penetrating trauma 1 2

Blunt trauma 2 3

Reason for transport

Respiratory failure 23 13

Liver failure 2 0

Shock 1 0

Source: From Ref. 55.
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However, a short course of hyperventilation in response to
signs or symptoms of elevated ICP is appropriate, if other
treatment modalities are unavailable or ineffective during
transport. The best prophylaxis against acute elevations in
ICP during transport is to prepare the patient and the
team. The patient should be receiving sedatives and analge-
sics with an ICP monitor in place. Additionally, the patient
should be monitored (including ICP, SAO2, and BP), on
the transport ventilator for three to five minutes prior to
transport, to ensure that the proper minute ventilation can
be provided by the transport ventilator. Occasionally, these
patients should receive neuromuscular blockade prior to
transport as well. In addition, drugs to treat transient
elevations in ICP, including sedatives (benzodiazepines
and barbiturates), analgesics, hypertonic saline, and manni-
tol, should be readily available during transport.

Physiological Stresses of Flight
When patients are transported by fixed-wing aircraft (typi-
cally interhospital transfers) and are flying at high altitudes,
an additional set of potential physiological perturbations is
added. Some of these stresses also apply to rotary-wing
and low-altitude fixed-wing transport, as noted sub-
sequently. These factors must be carefully analyzed when
planning a transport by air. The most prominent flight-
specific complications are related to the hypobaric environ-
ment. During long-range flight in a pressurized aircraft,
the cabin pressure is typically regulated to that present at
an altitude between 5000 and 8000 feet. Although some
aircraft that can be pressurized to an equivalent of sea
level (or 1 atm) are available, if patients require evacuation
in military cargo transports, actually the ambient pressures
may be even lower, thereby increasing the risk of altitude-
related complications.

At a cabin altitude of 8000 feet, a gas bubble will

increase in volume by a factor of 1.35 compared with the
volume at sea level (1 atm).

This volume expansion can cause serious consequences
if the gas is trapped in a body cavity such as the thorax,
cranium, eye, middle ear, paranasal sinuses, teeth, or gastro-
intestinal tract in the presence of an ileus. Patient-care
devices are also susceptible to this effect, particularly ETT
cuffs, pulmonary artery catheter balloons, pressure bags for
intravenous fluids, and mechanical ventilators, all of which
may require recalibration at altitude. The decreased ambient
pressure also affects edema formation through a decrease in
Starling forces. Patients with decreased oncotic pressure or
increased vascular permeability are particularly susceptible
to this phenomenon. The consequences are potentially
serious in patients with impending compartment syndrome
in the extremities or abdomen (see Volume 2, Chapter 34).

Another related effect of increasing altitude is a
decrease in the partial pressure of oxygen with decreasing
cabin ambient pressure. At a cabin altitude of 8000 feet, the
barometric pressure is 565 mmHg and arterial PO2 for
normal individuals breathing room air is reduced to 55 to
60 mmHg (49). The degree of hypoxemia that patients with
impaired gas exchange will experience is difficult to
predict. For this reason, it is important to monitor patients
at risk with pulse oximetry [and, when available, arterial
blood gas (ABG) analysis], and all transported patients
should receive, or have readily available, supplemental
oxygen. In mechanically ventilated patients, the applica-
tion of PEEP provides additional benefit for relief of
hypoxemia (50).

In-flight patients are exposed to acceleration and
deceleration forces that may be far more severe than
those generally experienced during ground transport.

Litter patients in fixed-wing aircraft are typically
loaded in alignment parallel to the long-axis of the aircraft.
(Fig. 6) During takeoff and landing, recumbent patients
are, respectively, exposed to significant acceleration and
deceleration forces along the long-axis of their body, which
can result in brief but significant intravascular fluid shifts
and changes in intracranial pressure. A related effect is the
angle of the aircraft cabin during ascent and descent,
which can effectively expose the patient to unintended Tren-
delenburg and reverse-Trendelenburg positioning. In the
absence of clear data on the best way to manage these
effects, simple measures can be employed. First, communi-
cate physiological concerns to the flight crew to determine,
within the constraints of safety of flight, whether changes
in the flight profile can minimize unwanted perturbations.
An example would be using the entire length of the
runway in order to decelerate more slowly on landing.

In the absence of axial spine injury, elevating the
patient’s head during periods of acceleration of the aircraft

will decrease the corresponding acceleration vector along
the long-axis of the patient’s body and thereby minimize
fluid shifts.

During both fixed- and rotary-wing evacuation,
patients, medical crew, and medical equipment (such as por-
table O2 tanks) have the potential to be exposed to significant
turbulence. The patients at greatest risk from turbulence are
those with unstable fractures, particularly spinal instability.
Spinal immobilization beds have been adapted for use
during air evacuation and are reliable and easy to use
(Fig. 7). External fixators and traction systems with cali-
brated springs can be used to immobilize extremity fractures
during evacuation, but traction with hanging weights cannot
be used because of their susceptibility to movement in
response to acceleration/deceleration and turbulence.
Medical supplies and equipment (e.g., portable oxygen
tanks) can become dangerous projectiles if not adequately

Figure 6 Interior view of a Boeing 767 passenger jet, reconfi-

gured for aeromedical evacuation of critically injured casualties.

Note that the patient and all supporting equipment are well secured

with clear access to required gear. The military transport equival-

ent is provided by C-130 (moderate range) and C-17 (long range)

aircraft. (Figs. 10A and B and 13 A–C, respectively). Source:

Courtesy of Maureen McCunn, Maryland, U.S.A.
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secured. Considerable planning is required to provide ade-
quate security without compromising access to medical gear.

LONG-RANGE AIR TRANSPORTCONSIDERATIONS

Planning for a long-range patient transport begins with a
thorough review of the stresses of flight, as they pertain to

a specific patient. All critically ill patients should be
transported with supplemental oxygen. It is profoundly
important to ensure that adequate supplies of oxygen are
available. An oxygen utilization calculation can be per-
formed as described in Table 6. For mechanically ventilated
patients, procedures must be undertaken to reduce the risk
of tracheal injury and/or ETT cuff rupture from expansion
of the cuff volume as altitude increases. The safest approach
is to use a cuff manometer to monitor and adjust cuff
pressure during changes in cabin altitude. An alternative
technique is to remove air from the ETT cuff and replace it
with a saline solution with sufficient pressure to eliminate
leakage around the cuff. This saline cuff technique requires
less in-flight monitoring, but may itself cause ischemic
airway injury if cuff pressures are elevated for prolonged
periods of time. Because of the low compressibility of
saline compared to air, elevated pressures may be less well
tolerated.

Additionally, the delivered tidal volume must be
monitored periodically during flight. Modern transport

ventilators have a built-in capacity to measure changes in
delivered tidal volumes. For older ventilators, a Wright’s
spirometer should be used intermittently to assure proper
volumes. Besides the normal considerations that may alter
pulmonary compliance and delivered tidal volume (e.g.,
bronchial plugs, bronchospasm, air leakage, etc.), these
patients are at higher risk for “tube migration” (i.e., right
mainstem intubation), which can occur during patient
transfer, and to the development of tension pneumothorax
due to decrement in ambient cabin pressure (discussed
subsequently) (29).

Trapped Gas
A chest X ray should be obtained prior to transport

departure to rule out an occult pneumothorax.
Known or suspected trapped gas within the patient

must be identified preflight. Patients with a drained pneu-
mothorax can be transported safely as long as a functioning
chest tube with an in-line Heimlich valve and pleural
drainage unit is in place.

Prophylactic chest tubes for patients without evidence
of hemo-pneumothorax or other extra-anatomic air are not
indicated prior to air transport. Recent abdominal surgery
is not a contraindication to air transport (51), but if the
patient has an ileus or gastric distention, a functioning naso-
gastric tube must be in place and attached to intermittent
suction. Obstruction of the middle ear or paranasal
sinuses, can generally be managed by nasal application of
a topical vasoconstrictor which often helps open the
Eustacian tube (relieving pressure). Patients with trapped
intra-ocular or intracranial air should not be moved by air-
craft at high altitudes, unless the risk of not being evacuated
(e.g., in a war zone with active shelling or hostile fire) out-
weighs the risk of complications from gas expansion (e.g.,
retinal ischemia, intracranial hypertension, and cerebral
herniation). The risk of gas expansion is related to the
volume of trapped gas, the altitude flown (ambient cabin
pressure), the compliance of the associated tissue, and
whether or not the gas has any means to vent with expansion.

Decompression Sickness/Air Embolism
Patients with decompression sickness and arterial gas embo-
lism are at particularly high risk from exposure to reduced
barometric pressure, and the benefit of transport must be
weighed extremely carefully, along with the potential coun-
termeasures available. Patients with these conditions should
not be exposed to altitudes greater than (or ambient cabin
pressures less than) that of the origination airfield. Patients
who have been Scuba diving within 24 hours of a flight are
at risk of developing decompression sickness from the
lowered pressure and should not fly.

During long-range transport, it is possible to
request a cabin pressure (or flight altitude) restriction on
some fixed-wing models (but not all).

Flight altitude restrictions require the aircraft to fly at a
lower altitude, which decreases speed and effective range
and also exposes the patient to more turbulence. The U.S.
Air Force has developed an inflatable, portable decompres-
sion chamber that can be used for patient transport in
cargo aircraft (see Volume 2, Chapter 73).

Casts/Compartment Syndrome
Patients with recent extremity fractures are prone to

edema formation, which generally worsens with altitude

exposure, and can lead to compartment syndrome.

Figure 7 A standard spinal immobilization bed has been

reconfigured for use inside an aircraft. This device allows a

secure immobilization, inline stabilization, and the ability to

rotate the patient to prone position while in flight. Source: Courtesy

of Maureen McCunn, Maryland, U.S.A.
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Thus, prolonged flights should be restricted in this patient
population.

Extremity casts that have been in place for less than 48
to 72 hours should be modified by making bivalve cuts
through the plaster or fiberglass to allow for expansion.
After bivalving the cast, it should be held together with an
elastic bandage to maintain limb stability.

Damage Control/Abdominal Compartment Syndrome
The same gas expansion physiology can occur in the abdomen
following abdominal damage-control surgery, placing the
patients at risk for abdominal compartment syndrome
(ACS). The ACS can be further exacerbated by exposure to
altitude and by the continued need of volume resuscitation.

When long-range transport is anticipated soon

after abdominal damage control surgery, consideration
should be given to leaving an open abdomen.

Burns
Burns place patients at risk for several stresses of flight
including increased tissue edema, exacerbation of O2 impair-
ment following inhalation injuries, impaired thermoregula-
tion, increased insensible fluid loss, and more complicated
infection control (Volume 1, Chapter 34).

Strong consideration should be given to perform
preflight endotracheal intubation in patients with inhalation
injury. If inhalation injury is significant, intubation should
be considered mandatory. Furthermore, pretransport intuba-
tion is generally recommended in borderline cases because it
is difficult to monitor the airway and to perform intubation
in-flight. Large-bore intravenous access must be assured,
and fluid repletion begun, using one of the empiric formulas
(e.g., Parkland). Monitoring with an arterial line, pulse
oximetry and urine output should occur throughout the
flight. Wounds should be dressed immediately preflight

and not undressed in-flight, if at all possible, to reduce the
risks of contamination from the environment and to
decrease evaporative losses (exacerbated by the decreased
humidity of high altitude). Heat-conserving dressings
and/or active-warming devices, blankets, and sleeping
bags should be used to prevent hypothermia (core tempera-
ture should be monitored in-flight).

Infection Control
Infection control is a special challenge during air evacuation
due to the limited space, close physical proximity of patient
and medical crew, and the limited recirculation of air. As
with all patient care, standard infection control precautions
should be followed, and the major challenge is carrying
adequate quantities of isolation supplies and disposing of
the used supplies.

When contact isolation is required for problems such
as diarrhea, even more supplies must be carried. If a
patient requires respiratory isolation, the decision to trans-
port by air should be carefully weighed. If air transport is
required, coordinate with the aircrew to make sure they
are adequately protected. There are no studies that docu-
ment the effectiveness of any particular infection control
regimen in flight. Conservative practice begins with a call
to the Centers for Disease Control (CDC) or following the
transporting hospital’s infection control guidelines for
patients requiring airborne precautions. These guidelines
typically recommend placing a surgical mask on the
patient during transport (52). The close environment of an
aircraft cabin may increase the risk of transmission further,
so additional protection for the medical crew and aircrew
may be warranted with masks that meet the National Insti-
tute of Occupational Safety and Health (NIOSH) standards
as N95 masks.

Further protection can be facilitated by taking advan-
tage of the airflow pattern within the aircraft cabin. This

Table 6 Oxygen Utilization Calculation

Step 1 Oxygen requirement

Patient oxygen usage rate

ðFiO2 � 0:21Þ=0:79 � minute volume ¼ required LPM

Flight durationþ round time ¼ mission duration

Required LPM � 60 ¼ required LPH

Mission duration � required LPH ¼ total oxygen requirements

Step 2 Oxygen supply

Compressed oxygen

Tank pressure (psi) � tank factor # ¼ available volume (gaseous liters)

Liquid oxygen

Liquid liters � 804 ¼ available volume (gaseous liters)

Step 3 Calculation of O2 tank volume (based on cylinder size and PSI)

Evaluation of tank characteristics will determine whether supply exceeds requirement by safety factora

Cylinder size Tank factor Volume (L) (full tank) PSI (full tank) Volume PSI (1/2 full) PSI (1/2 full)

D 0.16 400 1900 200 950

E 0.28 660 1900 330 950

Q 0.94

M 1.56 3450 2200 1725 1100

G 2.41

H 3.14 6900 2200 3450 1100

aSafety factor: determine quantity of excess oxygen to carry based on specific mission parameters such as weather and likelihood of diversion. A 2-hr excess

reserve per patient is a reasonable safety factor in the absence of special circumstances.

Abbreviations: LPH, liters per hour; LPM, liters per minute.
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can vary from aircraft to aircraft, so coordination with the
aircrew is important. For example, if air flows from front
to back and from top to bottom, it is desirable to place the
patient requiring airborne isolation in the aft of the aircraft,
below other patients.

When patients have highly contagious airborne

pathogens and must be transported with others, it is
safest to intubate the patient’s trachea and use filters on
the inhalation and exhalation limbs of the ventilator and to
minimize suctioning (or use a “closed-circuit suction
device”) and other maneuvers that may breech the circuit

or otherwise risk jeopardizing containment during flight.

SPECIAL CIRCUMSTANCES
Disaster/Mass Casualty
Mass casualty situations are one of several transport circum-
stances that deserve special mention. With mass casualties,
the local medical resources can be quickly overwhelmed,
creating difficult decisions for resource allocation. The
patients who consume the most medical resources are gener-
ally those who are the most critically ill. In a highly resource-
constrained situation, the care of both these critically ill
patients and those with lesser acuity will be suboptimal.
When possible, the care of both sets of casualties can be
improved if the most critically injured can be safely evacu-
ated from the disaster area.

Mass casualty airlifts are most efficiently performed
using a large transport aircraft that can be configured for
patient evacuation (e.g., C-130 for moderate distances or
C-17 for transcontinental flights; discussed subsequently)
after the in-bound transport aircraft enter the disaster area.
This concept is commonly employed by the U.S. Air Force,
which uses both standard military MEDEVAC squadrons
and CCATTs (described earlier) for manpower. The Depart-
ment of Defense is one of the federal partners comprising the
National Disaster Medical System, and provides the airlift
capability for this civilian or military contingency system
when disaster victims must be moved en masse away from
a disaster site.

Contaminated Casualties
Following Sarin gas attacks in Japan, anthrax attacks in the
United States, and news reports that terrorist groups possess
unconventional weapons, there is now an increased recog-
nition of the risk of terrorist attacks using chemical, biological,
or radiological weapons (Volume 1, Chapter 39). Casualities
produced by these events represent a potential risk to
healthcare workers who care for them. Indeed, this occur-
red following the Sarin nerve agent terrorist attack in
Matsumoto, Japan, in June 1994. This act of terrorism was not
immediately recognized as a nerve agent attack. Consequently,
the casualties were not decontaminated, and many members of
the rescue, transport, and hospital staff became symptomatic
while caring for the contaminated patients (53).

“Outgassing,” the process whereby the caregiver
inhales the exhaled agent from the contaminated patient,

as well as volatile substances emanating from their clothing
or skin, may then cause symptoms within the caregiver.

Depending on the agent used, placing contaminated
casualties inside a transport vehicle can create a hazardous
environment for noncontaminated patients and healthcare
workers. Additionally, some substances may be difficult to
decontaminate. If medical personnel become disabled and
patient transport vehicles become contaminated, the
medical system is less able to effectively support additional

victims, and a “vicious cycle” ensues. If the patient reaches
the hospital system and (depending on the agent) the
building’s ventilation system is contaminated, the effect
can quickly spread throughout.

Accordingly, patients should be decontaminated prior
to transport whenever possible. The reader is also referred to
Volume 1, Chapter 4, which covers triage of contaminated
patients, and Volume 1, Chapter 39, which covers the man-
agement considerations for WMDs in greater detail.

Government officials in the destination jurisdiction
may not accept evacuated contaminated casualties into

their area due to concerns regarding public health risks.
In “unsecured locations,” such as situations of

ongoing hostile fire, particularly in uncontrolled war
zones, patient transport systems must prepare for the
possibility that they will be asked to transport contaminated

casualties. This preparation includes precoordination
with government officials in the area in which they operate
and in the destination to which they will be evacuating.
For many types of contaminated casualties, the technical
aspects of protecting personnel and the transport vehicle
are complex; for others, simple isolation procedures will
suffice. Thus, the nature of the containment and the rec-
ommended isolation/decontamination protocols must be
known to all members of the resuscitation team (Volume 1,
Chapters 4 and 39). Policies should be in place to guide
transport personnel when faced with this situation. In
general, the greatest good is served by delaying transport
of contaminated casualties until after they have been
thoroughly decontaminated.

Combat MEDEVAC and Transport
Triage decisions (Volume 1, Chapter 4) must often be modi-
fied when casualties are being transported from an “unse-
cured location.” In a military setting, this may occur
during the evacuation of casualties from a combat zone
where the transport vehicle may represent a very attractive
target for enemy attack. In paramilitary situations (e.g.,
postwar Iraq), civil unrest, looting, and lawlessness can
develop, and patient transport vehicles may become tar-
geted for theft, hijacking, or destruction. When moving mul-
tiple casualties from such an area, time can be critical for
ensuring the safety of the vehicle and transport personnel.

In military firefight situations, medical care for the
injured soldier begins at the scene with treatment adminis-
tered by other soldiers trained in “combat lifesaving.”
Specialized medics are available to provide care for North
Atlantic Treaty Organization (NATO) combat units.
Transport of battle casualties to the next level of care by
personnel without medical training is referred as casualty
evacuation (CASEVAC). An example of this is the transport
of a patient by a combat helicopter returning from the battle-
field. A MEDEVAC occurs when patients are transported in
a medically configured helicopter, by trained medical per-
sonnel (54), with varying levels of resources at the associated
medical treatment facilities (MTFs).

There are five “levels of care” currently designated by
NATO for the management of battle casualties. This terminol-
ogy replaces the old “echelons of care” and must be under-
stood by military commanders making triage and transport
decisions on the battlefield. The NATO levels of care are not
to be confused with the American College of Surgeons termi-
nology for designation of trauma centers (Volume 1, Chapter
3), which is inversely numbered in terms of available
resources. In the NATO system, the lowest level of support
and treatment occurs at level I, and increases in the level of
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care are associated with expanded resources. Level 1 care is
administered at the site of injury by other soldiers. Also
included in this level are MTFs known as Battalion Aid
Stations (BAS), and Shock and Trauma Platoons (STP).
Surgery is not available at these level I MTFs.

Limited inpatient beds and surgical services are avail-
able at level II MTF. These include the U.S. Army Forward
Surgical Team (FST) and Resuscitative Surgical System
(FRSS) as shown in Volume 1, Chapter 5. Other level II
MTFs include the U.S. Air Force Mobile Field Surgical
Team (MFST), and the U.S. Navy Casualty Receiving Treat-
ment Ships (CRTS). The MTFs with the widest range of
resources located within a combat zone are designated as
level III. These facilities have expanded diagnostic,
medical, and inpatients resources. The U.S. Army’s CSH
has an ICU, at least six surgical operating rooms, and beds
for over 200 patients (Volume 1, Chapter 5).

When moving multiple casualties from the battlefield,
timing and route planning are critical for ensuring the safety
of the patient, the vehicle, and transport personnel. The loss
of a patient transport vehicle and medical personnel will
affect numerous future patients who were dependent upon
these resources.

The H-60 Blackhawk is the U.S. Army’s front-line
utility helicopter used for MEDEVAC missions. First
deployed in 1978, the Blackhawk provides many improve-
ments in troop and cargo lift capability compared to the
UH-1 “Huey” that it replaced. The Blackhawk platform
can be configured to serve a wide range of service specific
roles, including the MH-60K special operations aircraft, the
U.S. Air Force’s HH-60G “Pavehawk,” the U.S. Navy’s
“Seahawk” family of helicopters, the U.S. Coast Guard’s
HH-60J “Jayhawk” for search and rescue, and the UH-60Q
MEDEVAC (described subsequently).

The UH-60Q MEDEVAC helicopter (Fig. 8) provides a
six-patient litter system, onboard oxygen generation, a
medical suction system, an environmental control system,
cardiac monitoring systems, supplies for airway manage-
ment, as well as IV supplies and solutions. The remaining
monitoring and resuscitation equipment is configured by
the rescue team. The helicopter has an external electrical
rescue hoist and can accommodate a crew of three and up to
six acute care patients. The UH-60Q is the “workhorse” aero-
medical evacuation platform and has been used to save lives
in Kuwait, Somalia, Afghanistan, and Iraq. The UH-60Q is
used to evacuate and transport patients from hot zones to
an FST or FRSS (level II facility) or to CSH levels of care.

The UH-60Q can perform all-weather terrain battle-
field evacuation, combat search and rescue, hospital ship
lifeline missions, deep operations support, forward surgical
team transport, medical logistics resupply, medical person-
nel movement, and disaster/humanitarian relief. The UH-
60Q will soon be supplanted by the HH-60L, which will
incorporate an upgraded medical interior and electric
hoist, O2 generator, and an upgraded navigation package
including a forward-looking infrared (FLIR) system, which
is an infrared video camera that helps pilots navigate at
night and in low-visibility situations (e.g., fog).

The CH-46 USMC is a larger helicopter (compared
with the Blackhawk) used by the U.S. Marines for both
assault and MEDEVAC missions (Fig. 9). The CH-46
carries a crew of four to five along with 15 casualty litters
and two attendants during MEDEVAC missions. Both the
Blackhawk and the CH-46 have also been used to transport
civilian injured in natural disasters (e.g., December 2004
Indian Ocean tsunami and September 2005 Hurricane
Katrina).

The C-130 “Hercules” (Fig. 10) is a turbo-prop, high-
wing, versatile airplane predominantly used for intratheater
aeromedical transport missions (e.g., from FST to CSH or
from CSH to CSH). The C-130 is capable of “short takeoff
landing (STOL) operations” (i.e., “STOL” from rough, dirt
strips) and is the primary fixed-wing patient transport air-
craft working in and out of hostile territory. The C-130 is
best employed for carrying patients, troops, or equipment
over medium-range distances of 75 to 750 miles (with a
maximum nonrefueling range of 1500 nautical miles). The
rugged “Herc” is capable of carrying a 30,000 lb payload.

The C-130 has accumulated over 20 million flight
hours by the U.S. Air Force over more than three decades
of use. For aeromedical evacuations, it can carry 74 litter
patients and two medical attendants. However, when
numerous sick patients are on board, many additional
medical personnel are required.

The C-141 “Starlifter” (Fig. 11) was the first military jet
aircraft designed for cargo movements over long distances
with refueling capability, in the 1960s. Active duty versions
of this aircraft have been retired from the U.S. Air Force or
transferred to the National Guard units and thus remain in
the inventory of military aircraft one may still encounter.
These aircraft were part of the fleet of MEDEVAC aircraft
used for patient evacuations from New Orleans following
Hurricane Katrina. These aging aircraft are still used with
some of the National Guard units in Iraq.

Figure 8 Blackhawk aeromedical evacuation model UH-60Q MEDEVAC. Capable of carrying six critically injured patients along

with three MEDEVAC crew members. Developed for battlefield MEDEVAC, search and rescue missions, and short-range patient

transport [i.e., level I medical treatment facilities (MTFs) to level II or III MTFs]. (A) On-loading casualties in six-litter-equipped

copter. (B) Off-loading casualty. Source: Courtesy of U.S. Army.
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The C-5 “Galaxy” (Fig. 12) is the much larger replace-
ment for the C-141. It is one of the world’s largest aircraft
and can be configured for both cargo and patient transports.
It can taxi on substandard runways and take off and land in
relatively short distances. In 1968, it was involved in the
humanitarian airlift following the devastating earthquake
in Soviet Armenia. It can carry numerous tanks, fixed-wing
aircraft, and helicopters with folding wings and rotor
blades, respectively.

The C-17 “Globemaster III” (Fig. 13) is the newest
airlift aircraft to enter the Air Force’s inventory. The C-17
is a four-engine turbofan jet aircraft capable of airlifting
large payloads over intercontinental ranges without
refueling. Its design is intended to allow delivery of
combat cargo, medical equipment, and MEDEVAC patients
directly into and out of austere airfields.

The C-17 has a propulsive lift system, which uses engine
exhaust to augment lift generation. By directing engine
exhaust onto large flaps extended into the exhaust stream,
the C-17 is capable of flying steep approaches at remarkably
slow landing speeds (STOL). This equates to the aircraft’s
ability to land payloads as large as 160,000 pounds on
runways as short as 3000 feet and as narrow as 90 feet wide.

EYE TOTHE FUTURE

Although transport of critically ill patients will likely always
involve trained personnel, technology will impact the level
of care and the safety of transport. “Telemedicine,” with high
bandwidth connections between ground and aircraft, will
facilitate information transfer (see Volume 2, Chapter 72). A
combination of satellite and high-frequency radio connections
will improve communication and transmission of data.

The U.S. National Institutes of Health (NIH) has
funded a project to study the feasibility of a pneumatic-
driven extracorporeal circuit, to allow field use and transport
of patients with cardiovascular collapse or severe respiratory
failure. Diagnostic imaging, such as FAST (focused assess-
ment with sonography for trauma), has enhanced diagnostic
procedures performed during transport (Volume 1, Chapters
8 and 27). With ever-decreasing sizes of monitors and diag-
nostics, transport personnel will be able to “take along”
increasingly sophisticated equipment to improve transport
efforts.

One important area of prehospital care is clinical
research. Regional consortiums are being developed to
study issues such as “best practices” in airway management
and fluid resuscitation. These consortiums will be able to
collect information from a large number of patients. The
introduction of handheld technology has enabled EMS
personnel to acquire information efficiently that can be
downloaded into prehospital databases.

Figure 9 CH-46 USMC helicopter. This image shows the U.S.

Marines loading casualties onto the CH-46 on an unimproved

airfield outside Ramadi, Iraq. The CH-46 is an all-weather,

day/night, night vision goggle helicopter used by marines for

MEDEVAC, assault, transport of combat troops, supplies, and

equipment during amphibious and subsequent operations ashore.

As a medical evacuation platform it is capable of holding 15 litters

and two medical attendants in addition to the normal crew of

four to five (normal crew: four—pilot, co-pilot, crew chief, and

1st mechanic; combat crew: five—pilot, co-pilot, crew chief,

and two aerial gunners). Used in theatre for transport of

casualties medium-range [i.e., level II medical treatment facilities

to Level III or to ship (which may have level III equivalent)].

Source: Courtesy of Joseph F. Rappold, CDR, U.S. Navy.

Figure 10 Interior view of C-130 Hercules. The C-130 is the predominant intratheatre aeromedical transport plane. Versions of this aircraft

have been in service for over four decades and have logged over 20 million flight hours. Generally used for intermediate transport distances

(75–750 miles) moving patients from Level I medical treatment facilities (MTFs) to level III MTFs or between level III MTFs. See text

for description of various levels of MTF. Capable of configuring five sets of five litter stacks and an additional 25 seated passengers. (A) Life

Support for Trauma and Transportw (LSTATw) device is seen being secured to litter support stacks. (B) Patients loaded during evacuation

from New Orleans following Hurricane Katrina. Source: Courtesy of U.S. 5th Army.
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The use of global positioning devices (GPS) is expand-
ing. This technology allows EMS personnel to find locations
more rapidly. Motor vehicles with Automatic Crash Notifi-
cation (CAN) technologies use sensors, GPS, and wireless
communication to notify locations of crashes. This will
decrease the response time by EMS.

A continuing problem in transport of the trauma
patient from the level II (FST or FRSS) or III (CSH) to level
IV or V facilities is relay of information regarding the
patients’ operative findings and the details of surgical
repair. The current solution is to write down the injuries
directly upon the patient’s bandages (Fig. 14A and B).
However, if midtransport instability requires the take
down of dressings, or if they become soiled, the writing
may become lost or illegible. Accordingly, improved
systems need to be developed to document this information
and send it with the patient. Some physicians are taking
digital pictures and sending the images on CDs or flash
memory sticks with the patients. Others are dictating the

Figure 11 C-141 Starlifter. The C-141 was the first jet-powered

cargo aircraft for the U.S. Air Force, starting in 1964. It has

gradually been getting retired and is currently only operational in

two Air National Guard units. It was the first intercontinental jet

cargo aircraft that could be refueled in midair. Maximum payload

is 94,500 lb, and maximum payload range is 2175 nautical miles.

Source: Courtesy of Ref. 56.

Figure 12 C-5 Galaxy. The largest cargo aircraft in the U.S.

inventory, it can carry a payload of 260,000 lb and has a fully

loaded range of 2160 nautical miles. It is refuelable in the air.

Original model became operational in 1970. The C-5 is being

upgraded to continue service to a projected date of 2040.

Source: Courtesy of Ref. 57.

Figure 13 C-17 Turbofan MEDEVAC aircraft. The newest and

most advanced long-range MEDEVAC platform in use. Generally

employed for intercontinental flights, including transport of

wounded soldiers from Afghanistan or Iraq to Germany, i.e.,

between levels III and IV medical treatment facilities (MTFs). See

text for description of various levels of MTF. The C-17 has a

maximum payload of 160,000 lb and a nonrefueling flight range of

5000 nautical miles. (A) Crewmen set up litter support structures.

(B) Patient (middle stretcher) and equipment (top stretcher) are

loaded through rear door (still open) by the Critical Care Air

Transport Team (CCATT) members. (C) Side view of patient

[previously being loaded in (B)] on middle stretcher attended to

by member of the CCATT. Tracheotomized patient receives

positive pressure ventilation, as well as infused drugs and

invasive monitoring during flight. Source: Courtesy of

José A. Acosta, South Eastern Afghanistan, 2005.

Chapter 7: Transport of the Trauma Patient 131



operative reports and sending this digitally or as a dicta-
phone tape. We need to advance and standardize this
important patient communication, utilizing this previously
mentioned technology, so that it is uniformly utilized to
increase the quality of care our patients receive after being
wounded. Improved outcomes feedback to the resuscitating
and operating teams in the field is also of great need.

Pain management during transport is improving, as the
U.S. Air Force CCATTs provide sedatives and analgesics in
flight. In addition, there is an increasing use of continuous
regional infusion devices and patient-controlled analgesia
(PCA) for those patients who can self-administer analgesics
(58). Further incorporation of in-hospital therapies and moni-
toring modalities needs to be integrated into transport care.

SUMMARY

Short distance intrahospital transport (e.g., the OR to the ICU)
and long-range ground or air transport can be accomplished
safely with the most critically ill or injured patients. Patients
who have the potential for cardiovascular or respiratory
instability can be safely transported as long as the appropriate
personnel, equipment, and monitoring are provided, and
thorough preparation occurs. One key principle lies in
assuming that changes in the patient’s status will occur
and being prepared for these changes. Anticipating any
possible alterations and devising diagnostic and therapeutic
plans that can be instituted en route should be routine prac-
tice for transport teams. An experienced transport team
should be available at all institutions engaged in these activi-
ties and ongoing competency training should be maintained.

Familiarity with mechanisms and patterns of injury
occurring during trauma (Volume 1, Chapter 2) is necessary
to adequately diagnose and treat adverse changes in vital
signs seen during transport. In mass casualty disaster or
combat situations, patient transport systems must be
capable of transporting contaminated casualties.

In hostile combat conditions, numerous triage trans-
port decisions need to be made and amended as conditions
change. Occasionally, the best decision is to load the least
critical patients first because many of them can be loaded
quickly and they are most likely to survive their injury or
illness. Then, if the vehicle is forced to leave prior to
being fully loaded, the greatest good will have been
served. In contrast, in peacetime and during war when
the triage assembly area is protected from hostile fire, the

sickest patients are loaded and evacuated first because
the less ill patients can safely wait for the next transport.

Finally, technology and telemedicine (Volume 2,
Chapter 72) will continue to develop new modalities and
capabilities that enhance the ability and the safety of trans-
port. All physicians caring for trauma patients should
be cognizant of these new discoveries and continuously
re-train for multicasualty situations.

KEY POINTS

The level of care during transport should be equal to or
exceed the level of care the patient is receiving prior to
departure.
Patients should be moved from one area of care to
another only if the expected benefit of the transport
(diagnostic procedure or operative management)
exceeds the transport risk.
The transport personnel must assume that pertur-
bations in the patient’s status will occur and be pre-
pared for these changes.
Ground ambulances can be configured to closely dupli-
cate the capabilities found in the trauma bay and in the
SICU.
Civilian interhospital transfers and prehospital trans-
port in urban areas have not been shown to benefit
from helicopter transport (14,15).
Fixed-wing aircraft are most beneficial when transport-
ing patients over long distances (usually .300 miles for
large planes), as may be required when the patient is
located in a remote area, or when highly specialized
care is required for a rural-based patient.
The transport team leader should be trained to manage
patients of all ages and be prepared to deal with a mul-
titude of acute trauma and medical conditions.
Additional team members should also be experienced
in the transport of critically injured patients.
In all cases, standards during transport must match the
minimum care provided prior to transport.
In elective settings, “early transport” means to do so
before secondary problems occur (e.g., infection, sepsis,
and acute respiratory distress syndrome), which make
transport more dangerous.
Anticipating complications and devising diagnostic
and treatment plans to remedy life-threatening

Figure 14 Notes written upon patient bandages to communicate injuries, surgical repairs, etc., to next level of care. (A) Abdominal

dressing “damage control, retroperitoneal hematoma, 10 lap pads in abd., skin only closed” [orientation of patient: head to the right (not

shown) groin on left], crewman’s hand shown palpating right femoral pulse. (B) Orthopedic wounds “open (left) knee Fx, soft tissue

degloving (right),” omental evisceration, and open scrotal injuries. Source: Courtesy of Joseph F. Rappold, CDR, U.S. Navy.
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conditions en route should be routine practice for trans-
port teams.
Familiarity with mechanisms and the resulting patterns
of injury due to trauma is necessary to adequately diag-
nose and treat adverse changes in vital signs that inevi-
tably occur during transport.
The ability to make therapeutic interventions at any
time during the peritransport period is an important
component of safety and supports the concept of an
organized approach to establish a transport program.
Establishment of a definitive airway prior to departure
is of paramount importance for unstable patients.
Continuation of mechanical ventilation with a battery-
powered transport ventilator throughout transport
helps to maintain mean airway pressure and oxygenation.
Patients with basilar skull and frontal sinus fractures
should be flown in a pressure-controlled cabin, as
these injuries are associated with pneumocephalus.
At a cabin altitude of 8000 feet, a gas bubble will
increase in volume by a factor of 1.35 compared with
the volume at sea level (1 atm).
In-flight patients are exposed to acceleration and decel-
eration forces that may be far more severe than those
generally experienced during ground transport.
In the absence of axial spine injury, elevating the
patient’s head during periods of acceleration of the air-
craft will decrease the corresponding acceleration
vector along the long-axis of the patient’s body and
thereby minimize fluid shifts.
Planning for a long-range patient transport begins with
a thorough review of the stresses of flight, as they
pertain to a specific patient.
A chest X-ray should be obtained prior to transport
departure to rule out an occult pneumothorax.
During long-range transport, it is possible to request a
cabin pressure (or flight altitude) restriction on some
fixed-wing models (but not all).
Patients with recent extremity fractures are prone to
edema formation, which generally worsens with alti-
tude exposure, and can lead to compartment syndrome.
When long-range transport is anticipated soon after
abdominal damage control surgery, consideration
should be given to leaving an open abdomen.
Wounds should be dressed immediately preflight and
not undressed in-flight, if at all possible, to reduce the
risk of contamination from the environment and to
decrease evaporative losses (exacerbated by the
decreased humidity of high altitude).
When patients have highly contagious airborne patho-
gens and must be transported with others, it is safest to
intubate the patient’s trachea and use filters on the inhala-
tionand exhalation limbs of the ventilatorand to minimize
suctioning (or use a “closed-circuit suction device”) and
other maneuvers that may breech the circuit or otherwise
risk jeopardizing containment during flight.
“Outgassing,” the process whereby the caregiver
inhales the exhaled agent from the contaminated
patient, as well as volatile substances emanating from
their clothing or skin, may then cause symptoms
within the caregiver.
Government officials in the destination jurisdiction may
not accept evacuated contaminated casualties into their
area due to concerns regarding public health risks.
In “unsecured locations,” such as situations of ongoing
hostile fire, particularly in uncontrolled war zones,
patient transport systems must prepare for the possi-

bility that they will be asked to transport contaminated
casualties.
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INTRODUCTION

Optimum treatment of severely injured trauma victims
requires a rapid and organized assessment and treatment
system. The American College of Surgeons (ACS) has
developed a graded approach involving primary and
secondary surveys for injuries, using a system of manage-
ment described as Advanced Trauma Life Supportw

(ATLSw). The “primary survey” (PS) is the initial phase of
management reviewed in this chapter. During the PS, life-
threatening conditions are rapidly identified and life-saving
treatment is expeditiously initiated. Resuscitation efforts
occur coincident with the PS and continue throughout the
next phase of care. Optimally, the PS is completed in the
first three to five minutes. However, when multiple life-
threatening injuries are encountered, the PS takes longer to
complete.

Once the PS is completed, the “secondary survey” (SS)
commences whereupon all other injuries (not immediately
posing a threat to life) are identified and staged using
more thorough evaluation tools (Volume 1, Chapter 14).
Some have recommended that a “tertiary survey” (Volume
1, Chapter 42) be undertaken in the surgical intensive care
unit (SICU) or in the ward after the patient returns from
the operating room (OR) or from the resuscitation suite
and is characterized as a complete systematic review of the
patientincluding evaluation of all prior studies in an effort
to ensure that all known and potential injuries have been
fully staged. The more severe the injuries are at presentation,
the greater the likelihood that injuries will be missed
during the PS and SS. Conversely, the more rigorous the
application of the PS and SS, the less likely that missed
injuries will occur.

The PS is performed in a prescribed sequence
which reviews the most life-threatening conditions first
including evaluation of airway, breathing, circulation, dis-
ability, and exposure (ABCDEs) (Table 1). This chapter
reviews each evaluation and treatment step in the process.
The PS management priorities are similar for children

(Volume 1, Chapter 36), the elderly (Volume 1, Chapter 37),
and pregnant patients ((Volume 1, Chapter 38).

AIRWAYMAINTENANCEWITH CERVICAL SPINE PROTECTION

The PS of the trauma patient begins with assessment and
management of the airway. Common factors contributing
to airway compromise include relaxation of the tongue and
oropharynx during unconsciousness. Airway management
is further complicated following trauma to the face, head,
neck, or chest and by the presence of bleeding, vomitus,
and other foreign objects in the airway (e.g., broken teeth).

The airway examination begins by evaluating patency
and adequacy of ventilation. The special “proviso” in the
ATLS paradigm is that the cervical spine should be pro-
tected (i.e., maintained in-line and immobilized) in all
cases deemed relevant (based upon considerations such as
“mechanism of injury”) while airway management is
instituted.

Assessment
Assessment of airway patency and spontaneous breath-

ing is the crucial first step, which should be completed

within the initial 10 to 15 seconds of the PS. Look,
listen, and feel for diminished or absent air movement
(Table 2). If the patient has an appropriate verbal response
to questioning, this indicates a patent airway. However,
ability to phonate does not necessarily indicate that the
airway is “safe,” “normal,” or “optimal.” Ability to
phonate only indicates that the airway is unlikely to be in
immediate jeopardy and that ventilation is occurring. If
apnea is present, the rescuer should proceed to manual
airway maneuvers with assisted bag-valve-mask (BVM)
ventilation using 100% O2 while preparing to establish a
definitive airway (Volume 1, Chapter 9).

A partially obstructed airway presents with noisy
breathing (stridor) and tachypnea. The tongue is the princi-
pal source of oropharyngeal obstruction in unresponsive
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patients; however, neck trauma can result in laryngeal
fractures and hematomas which can result in partial
airway obstruction and stridor (Table 3). Other signs of lar-
yngeal trauma include hoarseness, aphonation, or hypersali-
vation. Patients with facial trauma may adopt unusual
postures to aid airway maintenance, such as sitting upright
and leaning forward, as when bi-mandibular fractures are
present. This airway supportive posture is impossible to
maintain by the supine patient strapped to a backboard.
Accordingly, these patients may be transported to the hospi-
tal in the sitting position. Whenever airway injury or stridor
(suggesting partial airway obstruction) is encountered,
airway management emphasizes maintenance of spon-
taneous ventilation during prompt establishment of a defini-
tive airway. Often use of a fiberoptic bronchoscope (FOB)
is the optimum technique in such situations (Volume 1,
Chapter 9). Physicians with sufficient experience (and the
tools) necessary to perform a surgical airway should also
be present during these manipulations.

Basic Airway Management
Supplemental Oxygen and Chin-Lift/Jaw-Thrust Maneuvers

Cervical spine immobilization should be maintained until
neck injuries are ruled out. Airway opening techniques
that do not impose neck movement, such as the chin-lift
or jaw-thrust maneuvers can usually alleviate a partially
obstructed airway (Table 4). The head-tilt maneuver
(requiring atlanto-occipital extension) is not utilized in
blunt trauma patients because a cervical spinal cord injury
(SCI) can be generated or exacerbated in the setting of
unstable cervical skeletal or ligamentous injuries. When
BVM ventilation is indicated, normally one hand secures
the mask to the face while the other hand ventilates by

Table 3 Sources of Airway Obstruction Following Trauma

Obstruction

source Description and comments

Tongue Most common source of obstruction is

tongue and relaxation of oropharynx in

an unconscious patient

Supraglottic

tissues

In obese patients, soft tissue adiposity and

redundant tissue can obstruct the air-

way in the hypopharynx and/or

supraglottic region

Edema Patients who normally sleep without

snoring or airway obstruction may

develop obstruction secondary to

edema, especially following burns

and/or massive resuscitation

Hematoma Both penetrating and blunt trauma to the

neck can lead to hematoma formation

which can expand and obstruct the

airway

Maxillo-facial

trauma

Mandibular fractures can cause partial or

complete airway obstruction, which

can cause stridor. This can also lead to

difficult mask ventilation

Laryngeal fracture Blunt trauma to neck (e.g., “clothesline”

injury) can cause laryngeal fractures

and partial or complete airway

obstruction

Laryngo-tracheal

separation

Blunt or penetrating injury to the neck

can also cause partial or complete

larygno-tracheal separation. Maintain

spontaneous ventilation and intubate

awake usually with FOB (see Volume

1, Chapter 9).

Blood and vomitus Aspiration of a large quantity of blood or

vomit can completely obstruct airways

leading to desaturation. Small volume

aspiration of low pH vomit can cause a

chemical burn and severe ARDS. Use

FOB to clear airways

Avulsed teeth and

other foreign

bodies

Following maxillo-facial trauma, teeth

are often broken and may be aspirated.

Be aware, examine patient and chest

X rays, remove lost teeth or other FBs

from the airway with FOB

Abbreviations: ARDS, acute respiratory distress syndrome; FB, foreign

body; FOB, fiberoptic bronchoscope.

Table 1 Primary Survey Overview

Step System Description

A Airway maintenance

(with C-spine

protection)

Ensure patency of the airway with

in-line C-spine immobilization,

application of oxygen

B Breathing Verify breathing and address life-

threatening conditions

C Circulation (with

hemorrhage

control)

Check for external and internal

bleeding, heart rate, pulse

character, blood pressure, and

capillary refill

D Disability (neuro-

logical evaluation)

Evaluate neurological status (GCS

and pupils)

E Exposure (with

environmental

control)

Completely undress the patient,

examine the entire surface

searching for injuries, especially

examine the axillae, inguinal, and

rectal area, logroll patient to

examine the back, cover victim to

avoid hypothermia

Abbreviations: C-spine, cervical spine; GCS, Glasgow Coma Scale.

Table 2 Steps in Assessment of Airway Patency

Assessment

step Description

1 Observe presence or absence of “fogging” on O2

mask (may not be detectable in warm, dry

environments)

2 Listen for breath sounds and feel for exhaled

breath on examiner’s ear to determine whether

apnea is present; verbalization is a sign of

airway patency

3 Observe the chest expansion and any sign of

respiratory distress, nasal flaring, substernal,

supraclavicular, or intercostal retractions of

foreign bodies, and signs of airway injuries

4 Look for blood, vomitus, bone fragments, broken

teeth, dentures, and other foreign bodies

5 Listen for stridor or noisy breathing
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squeezing. However, when BVM ventilation is difficult, a
two-person BVM ventilation technique is indicated
(Volume 1, Chapter 9). The two-handed method facilitates
a better “seal” than the single-handed technique. In either
case, cricoid pressure should be maintained whenever
actively ventilating a trauma patient by mask (i.e., with posi-
tive pressure). When airway obstruction is caused by man-
dibular fractures, manual anterior distraction of the flail
anterior mandibular segment can provide temporary
return of airway patency as a temporizing maneuver prior
to, or during, establishment of a definitive airway (via FOB
or surgical airway). Often these patients will not tolerate
the supine position (due to immediate positional airway
obstruction) until the airway is secured with an endotracheal
tube (ETT). Supplemental oxygen should be administered to
all trauma patients with a device providing a high oxygen
concentration and a high flow rate (Table 5). Gentle pharyn-
geal suction and removal of blood or foreign bodies also
helps maintain airway patency.

Oropharyngeal and Nasopharyngeal Airways
Properly sized oropharyngeal or nasopharyngeal airways
may be useful. An oropharyngeal airway can temporarily
be used in unconscious patients with diminished airway
reflexes. This device can trigger gagging, coughing, and
emesis in awake patients and laryngospasm in partially
anesthetized or drug-intoxicated patients.

Nasopharyngeal airways are optimal for maintenance
of airway patency in semiconscious or unconscious patients.
This device is less likely to stimulate gagging and vomiting
than an oropharyngeal airway and is especially useful in
patients with clenched teeth, and those who are unable or
unwilling to open their mouths. However, nasopharyngeal
airways can initiate nasal bleeding and should not be used
in patients with a known or suspected basilar skull fracture
or cribiform plate injury. Skull base fractures and/or massive
facial injuries can be associated with cribriform plate frac-
tures, and blind insertion of tubes through the nares under
these conditions has resulted in passage into the cranial

vault. Nasopharyngeal airways can also become clogged
by mucous, blood, or vomit. If this occurs, the airway
should be suctioned to restore patency. Finally, careful
consideration should be used when employing the naso-
pharyngeal airway in cases of potential coagulopathy.

Aspiration Precautions and Suction Devices
Trauma patients are at increased risk of regurgitation and
subsequent aspiration. The risk of aspiration pneumonitis
is further elevated with increasing acidity and volume of
gastric contents and when particulate matter is aspirated.
Therefore, aspiration precautions must always be con-
sidered.

Cricoid pressure (also known as “Sellick maneuver” or
crico-esophageal pressure) denotes downward (posterior)
digital pressure on the anterior neck overlying the cricoid
cartilage. The downward (posterior) movement of the
cricoid ring (complete in adults) will physically occlude
the esophagus and decrease the risk of gastric regurgitation;
simultaneously it also reduces the risk of gastric distention
during BVM ventilation.

Cricoid pressure should be maintained until the
tracheal tube cuff is inflated and correct positioning of

the ETT is confirmed. Cricoid pressure should not be
applied in patients suffering from laryngeal or tracheal
injuries because this maneuver can result in complete
crico-tracheal separation. Similarly, cricoid pressure is best
removed in favor of oropharyngeal suctioning during
active vomiting because maintaining cricoid pressure in
this setting imposes the risk of esophageal rupture. When
vomiting occurs during assessment or securement of the
airway in a supine patient strapped to a backboard, the
patient should be tilted head-down with a 308 lateral tilt to
prevent aspiration. Suction devices should always be ready
during airway interventions. The airway is cleared under
direct vision using a large-volume suction device (tonsil
suction tip or the Yankauer sucker). Caution must be taken
to avoid inducing or exacerbating oropharyngeal bleeding
when using any suction device. A long, soft flexible
suction catheter is useful for clearing secretions from
nasopharyngeal airways and the ETT.

Cervical Spine Precautions
Serious cervical spine injuries occur in 1% to 3% of severe
trauma patients (1,2). Furthermore, in blunt trauma patients
requiring emergent tracheal intubation, many cervical spine
injuries are potentially unstable (Fig. 1) (3). Therefore, all
blunt trauma patients should be suspected of having an
unstable cervical spine injury until proven otherwise.
Devices used to immobilize the cervical spine include rigid
cervical spine collars, sand bags, and taping the head to
rigid backboards. One should not be over-reliant on any
single device (Table 6). For example, a rigid cervical collar
alone provides limited immobilization of the cervical spine
(4). Co-employment of a rigid cervical collar and a back-
board with sand bags taped on both sides of the head
provides better immobilization than the collar alone (5).
However, these cervical spine protective devices can compli-
cate airway management, especially when the need for a
definitive airway occurs abruptly or unexpectedly.

Manual in-line immobilization of the cervical spine is
easy and effective if applied appropriately. After induction
and prior to laryngoscopy, the rigid cervical collar is
removed to facilitate intubation because these devices
make airway management difficult (6,7). Cervical traction

Table 5 Estimated Delivery of Oxygen Concentration of

Commonly Employed Delivery Devices

O2 delivery device O2 flow rate (L/min) FiO2

Nasal cannulae 2 0.21–0.24

4 0.26

10 0.30–0.46

Simple mask 6 0.35

10 0.55

Partial rebreather mask 10 0.6

Nonrebreather mask 10 0.8–0.95

Table 4 Basic Airway Management Maneuvers in the

Trauma Patient

Administration of supplemental oxygen, 100% oxygen by high-

flow mask

Airway positioning by the chin lift and jaw thrust (avoid head-tilt)

Removal of blood or foreign bodies by suctioning with gentle

techniques

Use of oropharyngeal or nasopharyngeal airways
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or distraction per se is no longer recommended; however, the
patient should be prevented from flexing, extending, or rotat-
ing the neck. Occasionally, absolute immobilization of the
neck may be overridden by the requirement for providing
an adequate airway in hypoxemic patients. However, even
under these circumstances, the cervical movement should
be limited to the minimum required to achieve patency.
Newer airway management devices (Volume 1, Chapter 9)
may allow for rapid intubation with less cervical motion
than conventional direct laryngoscopy.

Definitive Airway Management
The presence of a cuffed tube in the trachea is the best way to
ensure delivery of a high concentration of oxygen and effec-
tive ventilation following trauma. Cuffed tubes also protect
the lungs from aspiration and facilitate the suctioning of aspi-
rated blood and airway secretions. Indications for tracheal
intubation in trauma patients include protection of the
airway, securing effective oxygenation and ventilation, and
the anticipation of ongoing resuscitation (Table 7). Definitive
airway management is fully reviewed in Volume 1, Chapter 9.

Direct laryngoscopy with orotracheal intubation is
the principal method used in acute trauma patients because

of speed and technical advantages. Blind nasal tech-
niques are contraindicated in cases with suspected basilar
skull fracture or partial airway obstruction (i.e., stridor).
However, FOB can facilitate nasal (or oral) intubation in
stable, cooperative patients with difficult airways or known
cervical spine injuries. The urgency for airway intervention
most often dictates the plan. Definitive airway management

should always be preceded by pre-oxygenation. Assisted
ventilation (i.e., “modified RSI”) is frequently justified

because trauma patients are often hypoxemic and hyper-
capneic.

Rapid Sequence Induction
All patients should receive 100% oxygen by the facemask

or via the BVM ventilation device for a full five minutes or
with four to eight vital capacity breaths prior to initiating
RSI. Suction devices should be ready to use at any
time. RSI intubation is accompanied by cricoid pressure,
manual in-line cervical immobilization (Fig. 2), adminis-
tration of an induction agent (typically etomidate), and a
neuromuscular blocking (NMB) drug (e.g., succinylcholine
or rocuronium) to facilitate intubation. Re-adjustment of
the cricoid pressure (“laryngeal manipulation”) to allow a
better view, and use of a rigid stylette typically improve intu-
bation success in difficult-to-intubate patients (8,9). During

Table 6 Cervical Spine Stabilization Devices and Respective Limitations

Immobilization device

Quality of cervical

immobilization Limitations and comments

Halo with Minerva jacket Excellent Not practical in resuscitation situation

Rigid cervical collars

(e.g., Philadelphia collar)

Suboptimal Inadequate immobilization in flexion–extension

motion

Soft neck collars Ineffective Not intended for use in spinal immobilization

Sandbags or blocks taped

to side of head

Effective, if taped properly Risk of weight-induced injury, if not taped properly,

particularly when airway protection requires turn-

ing the patient onto the side

Figure 1 Cervical spine injuries sustained during a fall from a

height. Note abnormal anterior angulation at C5–C6.

Table 7 Indications for Definitive Airway

Indication Clinical example(s)

Need for airway

protection

Unconsciousness (e.g., GCS � 8, drug or

alcohol intoxication, metabolic coma)

Severe maxillofacial fractures

Risk of aspiration (e.g., bleeding, vomiting)

Risk of airway obstruction (e.g., expanding

neck hematoma, laryngeal or tracheal

injury, massive burns, or fluid resuscita-

tion, stridor of any etiology)

Need for

ventilation

Apnea (e.g., unconsciousness, neuro-

muscular paralysis)

Inadequate respiratory effort (e.g., opiate

overdose, respiratory muscle fatigue,

hypercarbia, severe metabolic acidosis,

tension pneumothorax, flail chest,

hemothorax, COPD)

Severe TBI (GCS � 8) with temporary

need for hyperventilation

Need for

oxygenation

Hypoxia or cyanosis

Carbon monoxide toxicity

Respiratory failure, ARDS

Tension pneumothorax

Anticipated need

for optimum

resuscitation

Exsanguination (hypovolemic shock)

Septic shock

Neurogenic or cardiogenic shock

Abbreviations: ARDS, acute respiratory distress syndrome; COPD, chronic

obstructive pulmonary disease; GCS, Glasgow Coma Scale; TBI, traumatic

brain injury.
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intubation attempts, the patient’s oxygen saturation, heart
rate (HR), and blood pressure (BP) should be carefully mon-
itored. Intubation attempts should be interrupted and the
patient must be re-oxygenated using BVM ventilation if
the procedure takes more than 30 seconds or whenever desa-
turation (SaO2 , 90%) occurs. If intubation attempts fail and
adequate oxygenation and gas exchange cannot be achieved
using standard BVM ventilation techniques, a laryngeal
mask airway (LMA) should be considered as per the
American Society of Anesthesiologists (ASA) Difficult
Airway algorithm (Volume 1, Chapter 9). If oxygenation is
maintained with BVM ventilation, numerous nonsurgical
intubation methods can be employed; when unsuccessful,
a surgical airway should be achieved.

Following intubation, the tube position must be
confirmed with measurement of end-tidal CO2 (PETCO2)
or by use of an esophageal detector device (EDD) in
conjunction with clinical signs. If any doubt regarding
the ETT position remains, a second visualization with
the laryngoscope should be performed to confirm the
presence of the tube passing between the cords or the
FOB should be employed to confirm that the tube is
positioned within the trachea (verified by visualization of
the tracheal rings and the carina as the FOB exits the end
of the ETT).

Once the tube is confirmed to be within the trachea,
the insertion depth should be established by “balloting”
the balloon in the suprasternal notch and documenting the
centimeter markings on the ETT at the upper incisions
(normal 70 kg males approximate 23 cm, females �21 cm).
Next, the tube must be tightly secured in place at that
position with tape or sutures and monitoring with pulse
oxymetry and PETCO2 should be continued. A chest radio-
graph (CXR) should be obtained to further confirm (and
chronicle) ETT position.

Alternative Emergency Airway Devices
Inability to ventilate by BVM or intubate constitutes a
crisis situation. Airway adjuncts, such as the LMA and
esophageal-tracheal combitube (ETC), are useful backup
options to facilitate gas exchange in these difficult airway

situations (10–17). These airway adjuncts are also used to
provide a temporary airway in some communities or
countries where emergency medical service (EMS) providers
are not permitted or trained to perform endotracheal intuba-
tion. Prior to insertion of these devices, blood, secretions,
and any foreign bodies should be removed. Also, note that
both of these emergency airway aids (LMA and ETC) are
supraglottic solutions. If the airway is obstructed at the
level of the glottis or just below, these devices will not
be effective and a “surgical airway” is required. Both of
these devices are “blindly” inserted as well and relatively
contraindicated if there is a known or suspected supraglottic
abscess or hematoma that is likely to rupture during
insertion.

Surgical Airway
In the event that endotracheal intubation is deemed to be
impossible, a “surgical airway” should be considered. If
mask ventilation is possible, or subsequent employment of
the LMA or ETC makes gas exchange possible, the patient
can then be temporarily ventilated using these devices
while the “surgical airway” is being performed. If venti-
lation is not possible despite the use of the preceeding
(or other) emergency airway techniques, a surgical airway
should be immediately performed. Three procedures
qualify as surgical airway options in the emergency
setting: percutaneous needle cricothyroidotomy, surgical
cricothyroidotomy, and emergency tracheostomy (sub-
sequently discussed in Volume 1, Chapter 9).

Percutaneous needle cricothyroidotomy is simple and
effective but only a temporary method that should be replaced
by surgical cricothyroidotomy/tracheostomy or used as a
bridge while other definitive techniques are employed (e.g.,
FOB, retrograde, etc.). It is not possible to ventilate a patient
through a needle cricothyroidectomy using standard BVM
ventilation devices. It is possible to oxygenate using oxygen
insufflation in a spontaneously ventilating patient. However,
this technique does not provide adequate ventilation; conse-
quently, the PaCO2 will rise. Accordingly, needle cricothyroi-
dotomy requires that transtracheal jet ventilation (TTJV) at
25 to 50 PSI be used to facilliatate ventilation (Volume 1,
Chapter 9).

Surgical cricothyroidotomy is usually preferred to
tracheostomy because it is easier and quicker to perform
and is associated with a lower incidence of bleeding compli-
cations. Surgical cricothyroidotomy is not indicated for
children less than 12 years of age because the cricoid carti-
lage is the narrowest part and the only circumferential
support to the upper trachea. Other contraindications for a
cricothyroidotomy include patients with laryngeal fractures
or abnormalities (e.g., neoplasms and inflammatory states).

Confirmation of Tracheal Intubation
Unintentional esophageal intubation is a common compli-
cation in the emergency setting, and the consequences are
catastrophic if not immediately recognized (18). Thus, confir-
mation of endotracheal intubation must occur in all patients
(19,20). The various methods for confirming ETT position
are divided into two main categories: direct (failsafe) and
indirect (nonfailsafe).

Failsafe methods include the three common ways to
directly confirm ETT position: (i) the trachea is cut in the
neck and the tube is inserted under direct vision; (ii) the
ETT is placed translaryngeally and the laryngoscopist can
easily verify the position because of a Mallampatti grade 1

Figure 2 Manual in-line cervical immobilization with cricoid

pressure during intubation attempt. In this figure, the cervical

stabilization is being performed with the right hand of an assistant.

Normally, the assistant will be standing on the intubator’s left side

(behind the patient) and uses two hands to provide in-line stabil-

ization (as shown in Volume 1, Chapter 9, Fig. 7).
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view (seeing the ETT through the cords); and (iii) an FOB is
passed through the ETT and tracheal rings are observed.

Nonfailsafe (indirect) methods include (i) clinical
signs such as bilateral breath sounds (these are fraught
with error) and (ii) PETCO2 and use of the EDD (21–23).
Unfortunately, the failsafe methods are not always available
(or practical) in the emergency trauma setting. In some
trauma patients, a grade III or IV laryngeal view does not
allow direct visual verification of the ETT within the cords,
and an FOB may not be immediately available. Accordingly,
all trauma patients must have PETCO2 detected following
intubation. In situations when no cardiac output is expected
[e.g., full arrest with inadequate cardiopulmonary resuscita-
tion (CPR)], an EDD is most predictive. Additional confirma-
tory clinical signs of ETT position are helpful, but are less
reliable than PETCO2 and the EDD. The detection of
PETCO2 is a very accurate means of detecting ETT placement
in noncardiac arrest situations (21). However, this method is
less accurate when CPR is in progress (22,24,25). The inac-
curacy is due to reduced pulmonary blood flow, one of the
most prominent physiological characteristics during CPR.
The CXR or fluoroscope can also be used to help confirm
ETT position, but the detection of PETCO2 is generally
quicker to obtain.

The EDD method confirms tracheal intubation by the
aspiration of air from the tracheal end of the tube (23). Two
types of EDD are available, a syringe type and a self-inflating
bulb (SIB). Both types can occasionally give false results,
which may occur in the presence of vomitus, blood, or par-
ticulate matter in the airway, bronchospasm, endobronchial
intubation, the ETT having its bevel against the tracheal
wall, or reduced functional residual capacity (FRC) (22).

Clinical signs are the most error prone and are always
of secondary importance (24). Clinical signs include auscul-
tation of the chest, epigastrium, observation of symmetric
chest rise, “fogging” (condensation) of the ETT, and so on.
Auscultation of bilateral breath sounds should always be
performed following intubation, but this clinical finding
should not be used as the “definitive” endpoint confirming
intubation (24,25). Rather, auscultation is used best to evalu-
ate the adequacy and bilaterality of air movement within the
lungs after intubation has already been confirmed using
PETCO2 or EDD. Additionally, documenting the presence
of bilateral breath sounds and auscultation over the epigas-
trium should follow the insertion of gastric suction or
feeding tubes as an initial source of confirming position.
The CXR should be reviewed prior to administering tube
feeds or contrast through tubes thought to be in the stomach.

BREATHING ASSESSMENTAND MAINTENANCE

The “B” of the ABCDEs in the PS stands for breathing assess-
ment and maintenance. This second element in the PS
emphasizes the importance of immediate identification and
treatment of life-threatening conditions related to the
process of breathing and the thoracic cavity at presentation,
as well as the maintenance of ventilation throughout the
resuscitation phase. Only immediately life-threatening
conditions are treated at this time. Five immediately life-
threatening conditions involving the thoracic cavity should
be actively sought out (Table 8). Additional urgent but non-
immediate life-threatening conditions e.g., myocardial
contusion and aortic dissection) can occur in the chest and
are diagnosed and treated during the SS (Volume 1,

Chapter 14). Because these injuries do not present an
immediate threat to life, they are not actively evaluated or
treated during the PS. The key principles of the pertinent
physical examination, radiographic data, and treatment
goals of immediately lethal conditions are covered in this
chapter.

Physical Examination
Inspection
The physical examination of the chest can be systematically
organized into inspection, palpation, and auscultation, and
all three methods should be accomplished expeditiously.
Inspection of breathing efficiency begins with the assessment
of the respiratory rate (RR) and pattern. The normal adult RR
ranges between 10 and 30 breaths/min. In many life-
threatening situations, patients may experience respiratory
distress, reflected by an increased RR. Accordingly, the RR
has proven to be a good indicator of life-threatening injuries
to the chest (25). Inspection of the neck is important and
should always be done when chest injuries are suspected
(26). If the patient is wearing a collar, it should be removed
(while performing the neck examination) and returned
after the neck evaluation is completed. The neck should be
examined for distended veins and deviation of the trachea.

Distended neck veins are a sign of increased
intrathoracic pressure, as occurs with a tension pneu-
mothorax, massive hemothorax, or cardiac tamponade.
Distended neck veins with deviation of the trachea suggest
tension pneumothorax or massive hemothorax. Distended
neck veins without deviation of the trachea suggest cardiac
tamponade. Paradoxical movement of the chest wall
suggests flail chest.

In a state of hypovolemic shock, distended neck veins
might be missing even in these situations (tension pneu-
mothorax or cardiac tamponade). Tracheal deviation is a sign
of unilateral tension pneumothorax, mainstem intubation
with positive pressure ventilation, or massive hemothorax,
as the trachea is pushed to the opposite side by air or
blood under pressure.

Table 8 Immediately Life-Threatening Conditions

Tension pneumothorax Accumulation of a large amount of air

under pressure within the pleural

space (Fig. 5)

Massive hemothorax Accumulation of a large amount of

blood in the pleural space, most often

due to bleeding from an intercostal

artery or from major central chest

vessels (Fig. 6)

Sucking chest wounds Open wound allowing air to be

entrained into the chest during

inspiration

Flail chest Result of multiple ribs fractured in more

than one place, allowing the chest

wall to become unstable (Fig. 9)

Cardiac tamponade Accumulation of blood in the pericar-

dial sac under tension, resulting in a

decrease in cardiac output. Blood in

the pericardial sac most often results

from penetrating injuries of the heart,

though rupture of the right atrium or

ventricle can occur after blunt trauma
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The anterior and posterior torso must be completely
exposed in order to fully evaluate the depth and symmetry
of the chest excursions and to search for open chest
wounds. Examination of the back is accomplished by
“logroll” of the patient with one person specifically holding
the head and neck in the neutral position while others help
turn the patient and inspect the back. Be vigilant for paradox-
ical breathing (antagonist movement of part of the chest wall
during respiration). An open wound with “bubbling”
through the water seal chamber of the chest tube drainage
collection device indicates continuity with the pleural space
(and possibly a bronchopleural fistula). Asymmetric move-
ment of the chest can mean tension pneumothorax, massive
hemothorax, or flail chest segment (Fig. 3).

Palpation/Percussion
Identifying areas of tenderness or deformity of the chest is
achieved by palpating the ribs and sternum gently. Crepitus
is a fine “crackling” sound or sensation felt on the fingertips
and is an indication of subcutaneous emphysema (Fig. 4).
The presence of subcutaneous emphysema usually means
that there is an injury to the airway, somewhere between
the vocal cords and the alveoli. Tracheal and bronchial
injuries are the most worrisome etiologies, but the “extra
anatomic” air can also migrate from a pneumothorax, pneu-
momediastinum, or esophageal injuries.

While palpating the chest, one may feel a more gross
form of crepitus due to moving rib fractures during venti-
lation. Percussion is uncomfortable to the patient and is gene-
rally relegated to evaluation in clinical settings without
access to portable CXR (such as on the battlefield or in a
field disaster triage center). Hyper-resonance during percus-
sion suggests pneumothorax (Fig. 5), and flat or dull sounds
indicate hemothorax (Fig. 6).

Auscultation
Auscultation is the last, but perhaps most important, step
in the physical examination of the chest. Both lungs are
auscultated to assess the quality of respiratory sounds,

including the presence of equal ventilation on both sides.
Diminished breath sounds may point to pneumothorax,
hemothorax, or lung contusion.

Imaging Aids to Breathing Assessment
Tension pneumothorax, massive hemothorax, and

cardiac tamponade should be clinically diagnosed and

treated prior to CXR. In the trauma resuscitation bay, at
least two modes of chest imaging should be performed:
plain CXR and ultrasound of the pericardium. Ultrasound
is done during the focussed assessment with sonography
for trauma (FAST) (27). The FAST examination is now
widely used at most major trauma centers. With the FAST
examination, the trauma surgeon can diagnose a large
hemothorax or pneumothorax, in addition to abdominal
blood or pericardial blood. Injuries usually detected only
after CXR or computed tomography (CT) scan include
pulmonary contusion, rib fractures, small pneumothorax,

Figure 3 Assymetric chest movement. This chest radiograph

of a supine patient demonstrates decreased excursion of the chest

wall on the right compared to left. This finding is consistent with

multiple right-sided rib fractures or a left-sided tension

pneumothorax.

Figure 4 (A) Subcutaneous emphysema. This photograph of a

supine male trauma patient demonstrates massive subcutaneous

emphysema. The hand in the photograph is compressing the air

away from the right upper chest, and in doing so would feel

crepetance as the small air bubbles are displaced. (B) Subcutaneous

emphysema on (CXR). This chest radiograph demonstrates

bilateral subcutaneous emphysema extending from the chest

wall up to the shoulders.
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or small hemothorax. A tension pneumothorax or massive
hemothorax can usually be diagnosed on clinical evaluation
alone during the PS and both can be treated with a thoras-
costomy tube prior to CXR (28).

Aortic rupture may be suggested on CXR when
there is widening of the mediastinum (Fig. 7), loss of
the aortic knob contour, shift of the esophagus [nasogas-
tric (NG) tube] to the right or apical cap. However, defini-
tive diagnosis and staging occurs during the SS survey
(Volume 1, Chapter 14) using CT angiography as
reviewed in Volume 1, Chapter 25 (29).

Although, pneumomediastinum can occur secondary
to tension pneumothorax and bronchopleural fistula,
this can also result from tears of the esophagus, trachea, or
main bronchus (entities diagnosed during the SS). Loss of
diaphragmatic contour, the presence of bowel or an NG
tube in the chest, or elevation of the left hemidiaphragm
(Fig. 8) are all suggestive signs of diaphragmatic rupture.

Figure 6 Massive left-sided hemothorax. This anterior–pos-

terior chest radiograph demonstrates a shift in the mediastinum

from the left toward the right, and very little aeration of the left

lung due to the massive nature of the left-sided hemorrhage.

Figure 5 (A) Left-sided tension pneumothorax. Note, this patient also had blood in the left thoracic cavity, hence the increased opacity,

despite the tension pneumothorax. After the chest tube was placed, the radiograph returned to almost normal (not shown). (B) Right-sided

tension pneumothorax. This computed tomography scan demonstrates free air anterior to the right lung and shift of the mediastinal structures

from the right toward the left. After the chest tube was placed, the radiograph returned to normal with return of the mediastinum to the

anatomic position (not shown). In addition, the patient’s hemodynamic status and oxygenation returned to normal immediately thereafter.

Figure 7 Widened mediastinum. Also, note loss of aortic

contour. When trauma patients present with a chest radiograph

demonstrating these findings, an aortic tear should be ruled out

(usually by computed tomography angiography).

Figure 8 Diaphragmatic rupture. This anterior–posterior

chest radiograph demonstrates massive elevation of the left

hemidiaphragm and the stomach (along with the nasogastric

tube) in the left chest cavity.
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Life-Threatening Thoracic Injuries
As soon as a life-threatening injury is diagnosed during the
PS, it should be treated. The following five immediately life-
threatening conditions that occur in the thoracic cavity
should be specifically and aggressively pursued: (i) tension
pheumothorax, (ii) massive hemothorax, (iii) sucking chest
wound, (iv) flail chest, and (v) pericardial tamponade.

Tension Pneumothorax
When tension pneumothorax is suspected (Fig. 5), decom-
pressing the pressure in the chest is the first goal. The
venous return to the heart is diminished by the high pressure
in the chest, and subsequent deviation of the heart can cause
distortion or “kinking” of the vena cava. To preserve lung
and heart function, the injured side must be decompressed
immediately, preferably with a chest tube.

Needle thoracostomy, or a self-contained system such
as the “McSwain Dart,” is sometimes instituted en route
to the hospital as a temporizing decompressive procedure.

Whenever a needle thoracostomy is used, it must be
followed up by placement of a chest tube.

Massive Hemothorax/Tube Thoracostomy
Massive hemothorax (Fig. 6) will not be resolved by “needle
thoracostomy” alone. The accumulated blood in the chest
results in the same physiological changes as a tension pneu-
mothorax, added to which is a hypovolemic state compound-
ing the effects on hemodynamics. Hemothorax should be
initially controlled by the placement of a chest tube.

If more than 1500 mL of blood is evacuated after
the initial chest tube placement, or drainage of more than
200 mL/hr persists for two to four hours, consideration
should be given to operative exploration (26).

The technique for chest tube placement is as follows.
The fifth intercostal space, just anterior to the midaxillary
line, is the preferred site for chest tube insertion in trauma.
Because actual counting of the spaces can be problematic,
the fifth intercostal space can be estimated. In men, it is
located immediately above the nipple-line along the mid-
axillary line. In women, the lower extent of the hairline
under the axilla approximates the fifth intercostal space.
The tube should never be inserted through breast tissue.
The site is prepped with provodone/iodine and/or
HibacleansTM alcohol and anesthetized with lidocaine 1%
to 2% using up to 20 mL. In hemodynamically stable
patients, conscious sedation can supplement the local
anesthesia with careful titration of a short-acting opioid
and a benzodiazepine. After making a 3 to 4 cm incision, a
large-curved hemostat is used to puncture the intercostal
muscles and parietal pleura immediately along the superior
rib border, avoiding damage to the neurovascular bundle
(located underneath the rib), as well as the underlying
lung. A digital examination is performed to evaluate for
pulmonary adhesions and to assess lung location.

To avoid losing the desired tract, the finger is kept in
place until the tube is inserted along the side of the
guiding finger. A clamp is typically used to help advance
the tube past the guiding finger into the desired position.
The chest tube is then directed posteriorly (if for
hemothorax), or superiorly toward the apex (if for pneu-
mothorax), until it is at least 5 cm beyond the most proximal
hole of the tube. In many patients, cutting off 4 to 6 cm of the
tip of the tube prior to insertion helps ensure that the prox-
imal hole can be fully positioned within the thoracic cavity.

The tube is then attached to a water seal and vacuum
device (e.g., Pleur-Evac). Respiratory variations are evalu-
ated and bubbling of air through the water seal is indicative
of a broncho-pleural fistula. The amount of blood or other
fluid that drains is documented. The insertion site is
sutured to secure the tube. A suitable dressing is applied,
and follow-up CXR is required to confirm the tube place-
ment and lung re-expansion.

Sucking Chest Wounds
The size of the chest wound will determine the magnitude of
the pulmonary compromise—the larger the defect, the more
it will interfere with normal negative pressure generation
occurring during inspiration and the greater the degree of
lung collapse that will occur. Small wounds can trap air
inside the thoracic cavity like a “one-way valve” leading to
tension pneumothorax.

Treatment of sucking chest wounds in the field begins
with coverage using a sterile occlusive dressing. The dres-
sing is taped on three sides so that it can act as a one-way
valve, allowing air to exit the chest during exhalation, but
preventing air entrainment during inhalation. Alternatively,
commercially manufactured “Heimlich valves” can be
placed. If the patient’s state deteriorates after placing the
dressing, it must be removed immediately. In the case of a
large open wound that cannot be occluded, the patient
must be intubated and ventilated to survive the injury.

In the resuscitation bay, these lesions are treated with a
chest tube. The wound itself should not be used for insertion
of the tube, even if its size appears perfect, because of poten-
tial bacterial and foreign material contamination. Massive
wounds not treatable with a chest tube will require
intubation and mechanical ventilation in the resuscitation
bay as well.

Flail Chest
Flail chest is an injury to the ribs where a section of the chest
wall has been detached due to fractures of two or more ribs,
in two or more places. Pulmonary contusions often occur in
areas of lung underlying a flail segment (Fig. 9). These
factors result in impairment of ventilation and oxygenation.
The treatment for flail chest is usually intubation and

Figure 9 Right-sided flail chest. This anterior–posterior chest

radiograph demonstrates multiple contiguous right-sided rib frac-

tures, along with some subcutaneous emphysema and some

underlying right-sided pulmonary contusion.
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mechanical ventilation, along with intravenous analgesia
and sedation until the fractured ribs stabilize and ventilation
improves as pain diminishes three to five days later. Some
advocate internal fixation of flail segments (30), but this is
rarely done and only on a case-by-case basis. Pulmonary
contusion, when present, is treated with mechanical venti-
lation, analgesics, and supportive care. In patients with
painful flail segments and without significant pulmonary
contusion or other lung parenchymal injuries, the pain can
be treated with thoracic epidural analgesia, and these
patients can be more quickly transitioned to spontaneous
ventilation and extubation (Volume 2, Chapter 25).

Cardiac Tamponade/Pericardial Drainage
Cardiac tamponade is a life-threatening condition caused by
blood accumulating under pressure within the pericardial
sac. This prevents the heart from expanding and filling
completely during diastole. Accordingly, the stroke volume
is markedly diminished. In penetrating trauma, blood
usually accumulates quickly, and the rapid increase in peri-
cardial pressure causes a progressive decrease in cardiac
output. The initial diagnosis of hemopericardium is often
suggested by a large cardiac silhouette on CXR and can be
confirmed by the FAST examination (Fig. 10). The patient
with acute cardiac tamponade should be transferred to the
OR for surgical drainage if time allows. If not, a pericardio-
centesis or thoracotomy should be immediately performed
in the resuscitation suite.

“Needle pericardiocentesis” is only a temporizing
procedure. After relieving the tamponade, the catheter
should remain in the pericardial sac (for further drainage),
and the patient should then be transported to the OR for a
definitive treatment. The blood in the pericardium some-
times clots and often cannot be fully aspirated through the
pericardiocentesis needle. Additionally, needle aspiration
will not assist in diagnosing the source of the bleeding
or treating the primary cause. Pericardial fluid of medical
etiologies is often suitably treated with a subxyphoid
window. However, traumatic etiologies often require a
formal stenotomy.

A technique for performing a “needle pericardio-
centesis” is as follows: the patient must be breathing 100%
O2 monitored with an arterial line, pulse oximetry, and
ECG as a minimum. A large-bore cannula is slowly inserted
immediately to the left of the xiphoid process, aiming for the
tip of the left scapula. The cannula is aspirated constantly
until blood appears while watching the monitor for cardiac
dysrhythmias (which appear if the needle is inserted into
the cardiac muscle). If dysrhythmias are encountered, the
needle is pulled back and re-directed. When blood is aspi-
rated, the tamponade can be aspirated (often with dramatic
improvement in the patient’s vital signs). A wire is then
passed through the needle and into the pericardial sac, and
after removing the needle, a catheter is placed over the
wire into the pericardial space (Seldinger technique). The
cannula is left in place for further pericardiocentesis until
the definitive procedure (either a subxyphoid window
or formal sternotomy to evaluate and treat bleeding sites)
is complete. Other conditions that are not an immediate
threat to life are diagnosed and treated after the PS is
completed.

Mechanical Ventilation in the Resuscitation Suite
All intubated trauma patients should be ventilated during
the PS using a small transport ventilator (discussed

subsequently and in Volume 1, Chapter 5). Ventilated
patients should only receive analgesia and sedation if hemo-
dynamically stable. Unstable patients should not receive any
drugs that might further destabilize them; however, scopala-
mine can be administered to prevent recall (Volume 1,
Chapter 19). The goals during this critical period are
simply the provision of adequate oxygenation and venti-
lation. Oxygenation adequacy for systemic oxygen delivery
(DO2) is initially verified by pulse oximetry: SaO2 must be
above 94%. Ventilation adequacy is initially verified by
end-tidal PETCO2. An arterial blood gas will provide an
accurate measurement of PaO2 and PaCO2 to allow evalu-
ation of the shunt (A-a) gradient and the alveolar dead
space (PETCO2-PaCO2 gradient).

When choosing a ventilator for trauma patients in
the resuscitation suite, reliability, mobility, and simplicity
are the most important characteristics. The ventilator
must have the ability to provide 100% oxygen, high-pressure
limits, the capability to apply PEEP, have easy adjustments

Figure 10 (A) Pericardial scanning during focused assessment

with sonography for trauma (FAST) examination. FAST is part

of the secondary survey (regarding abdominal and pelvic blood),

but could be considered part of the primary survey with regard to

the pericardial survey for pericardial effusion (blood)/cardiac

tamponade. Here, the echo probe is being aimed toward the

pericardial sac from the subxyphoid region (Fig. 10B). (B)

Pericardial tamponade. The ultrasound image of pericardial blood

(some of which appears to have clotted) is seen in this supine

patient who suffered a stab wound to the right ventricle.
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for rate and tidal volume, I:E ratio, and the earlier described
parameters. Humidification can be provided using a con-
denser humidifier.

Most commercially available “transport” ventilators
are suitable for these purposes. When selecting a new
brand of machine, it should be tested under extreme
conditions. The critical elements required for reliable use
in the resuscitation suite and during transport are (i) size,
as small and light as possible; (ii) durability, strong enough
to withstand falls and abuse; and (iii) power, should be
able to work without an external power source. In all
cases, the duration of function without an external power
source must be checked. The necessary alarms are discon-
nection alarm, low-oxygen alarm, high-pressure alarm, and
low-battery alarm.

The operation of the ventilator should be simple, taking
into account that the trauma team (physicians and nurses) are
often too busy evaluating, resuscitating, and treating the
patient to deal with complicated ventilator settings. The more
complicated and sophisticated the ventilator, the greater
the range of possible errors. These patients must be transferred
to the SICU as soon as possible, where special ventilators and
additional knowledge are found (Volume 2, Chapters 25–27).

CIRCULATION ASSESSMENTAND HEMORRHAGE CONTROL
Assessment
Evaluation of the circulation during the PS involves
(i) assessment of the circulatory perfusion and volume
status, (ii) control of hemorrhage, (iii) restoration of intravas-
cular volume if depleted, and (iv) frequent re-evaluation.
Errors during PS of the circulation are a frequent source of
increased mortality and preventable deaths (31).

Compensated circulatory deterioration in a severely
injured, previously healthy patient may be misinterpreted
as hemodynamic stability and result in inadequate or
delayed treatment. Therefore, minimizing the probability
of unrecognized blood loss, reducing underestimation of
hypovolemia, and prompt identification of causes unrelated
to volume status that provoke hemodynamic instability
are essential to the successful early management of
trauma patients. Assessment of hemodynamic stability
needs a clear definition, accurate processing, and continuous
re-evaluation.

Definition of Hemodynamic Stability
Hemorrhage is considered as the primary source of

hemodynamic instability in trauma patients until proven
otherwise. Hemodynamic stability represents adequate
blood flow and organ perfusion. Measurement of these
variables can be difficult and time-consuming. Therefore,
expedient assessment of hemodynamic status must rely on
simple variables that are easy to determine, including HR,
BP, RR, level of consciousness, capillary refill, and character
of pulse.

The ACS Committee on Trauma has established a
classification system for the extent of hemorrhage (Table 9)
(26). Per ATLS guidelines, the initial IV fluid resuscitation
should consist of a 2000 mL Ringer’s lactate bolus. If hypo-
tension persists or is recurrent, immediate blood transfusion
should commence.

Patients who are transferred from other institutions, or
have a delay in presentation, can manifest “third-space”
fluid losses in addition to blood loss. Accordingly, in these
patients, the degree of post-traumatic fluid permeability

and edema development should be treated with fluid resus-
citation considered during the PS. Hemodynamic instability
should be treated with fluid resuscitation until emergency
diagnostic procedures are accomplished and relevant inju-
ries are excluded.

Circulation Assessment Principles
Initial Global Evaluation of Circulatory Status
Assessment of circulation starts with a first general view of
the trauma patient when technical monitoring support has
not yet been established. The objective is to identify patients
at risk for traumatic exsanguination. This should be accom-
plished within a few seconds.

Blood-stained apparel and clots on the gurney can
provide visual evidence of extensive bleeding. However,
even without obvious external clues, the presence of pallor,
diaphoresis, or decreased level of consciousness suggests
the presence of hemorrhagic shock. Pulse should be pal-
pated to identify its presence and quality. Both tachycardia
and bradycardia can be found in hypovolemia. However,
classically, hemorrhage is accompanied by a rapid and
shallow pulse.

A decreased level of consciousness is generally
obvious, but should be quantified using the Glasgow
Coma Scale (GCS). RR and depth of breathing are inspected
at the same time, providing first information about a non-
bleeding injury that can provoke hemodynamic instability
such as tension pneumothorax (discussed earlier).

Information from paramedics or other prehospital
emergency providers is helpful in the assessment of blood
loss and circulatory state prior to arrival. However, the pre-
cision with which prehospital personnel accurately report
prehospital blood loss is notably poor (32). Uncontrolled
bleeding at the accident site, deterioration of patient status,
and declining BP or frank hypotension during transport
are indicators for evolving circulatory instability during
early in-hospital treatment. RR, HR, systolic blood pressure
(SBP), the GCS, and the elements of the revised trauma
score (RTS) are the evaluation parameters sought during
the PS when assessing life-threatening disorders (33).

Heart-Rate/Shock Index
Raised HR infers diminished intravascular volume, but

is modified by vagal tone, emotional stress, pain, and
drugs. A primary compensation for hemorrhage is
normally raising HR and contractility combined with
increased peripheral resistance (34). Accordingly, the HR is
a valuable parameter for circulatory assessment. An HR of

Table 9 American College of Surgeons Classification System

for Extent of Hemorrhage

Class I Blood loss is less than 750 mL if heart rate is less than

100 bpm and blood pressure unchanged

Class II Patients with a pulse rate .100 bpm, decreased pulse

pressure, and oliguria have a blood loss of 750–

1000 mL

Class III Patients with hypotension, tachycardia .120 bpm,

oliguria, and confusion have a blood loss of 1500–

2000 mL

Class IV Patients with a pulse rate .140 bpm, severe oliguria,

and lethargy have a blood loss .2000 mL

Abbreviation: bpm, beats per minute.
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more than 100 beats per minute (bpm) is treated as shock
until proven otherwise.

The shock index (SI), defined as the ratio of HR
divided by the SBP, has been proposed as an assessment
of circulation. An SI greater than 0.9 is presented as a
better tool to identify critically ill patients than the HR or
the systolic (or diastolic) BP alone (35). In one study of
trauma patients, the optimal SI threshold was found to be
similar to the optimal threshold HR or SBP for prediction
of injury severity (36). Nevertheless, neither BP nor HR
directly reflects cardiac output during emergency resuscita-
tion or critical illness (34). Indeed, cardiac output may be
decreased in the setting of increasing HR when the stroke
volume is falling to a greater degree (Volume 2, Chapters
3 and 9). Pain and emotional factors raise HR after
trauma. Medications such as beta-blocking agents, digitalis,
or injuries of the spinal cord hinder compensational tachy-
cardia and produce bradycardia despite severe blood loss
and hemorrhagic shock.

Blood Pressure
Measurement of BP is one of the first steps in the assessment
of circulation in trauma patients with a potential for bleed-
ing. There is an ongoing debate on the relative value, or
even harmfulness, of normalization of BP for bleeding
trauma patients during prehospital and initial in-hospital
treatment, focussing on the potential for worsened bleeding
from fluid resuscitation in patients with penetrating
trauma (37).

Lowered BP on admission is one of the most important
signs of hypovolemia and exsanguination and requires efforts
aimed at hemorrhage control. Although it is unclear as to
what level of BP can be accepted for adequate organ
perfusion, one cohort of bleeding patients associated with a
high mortality rate of 69% demonstrated an MAP ¼
63 mmHg in the ED (38). Thus, options and limitations of
BP measurement (Volume 2, Chapter 9) must be known to
interpret the results reasonably.

Noninvasive blood pressure (NIBP) measurement
with automated devices is the most common initial
method used, permitting rapid automatic and repetitive
measurements. However, initial measurement of BP demon-
strating “normal” values should be considered suspect (as a
reflection of euvolemia), and subsequently repeated at
regular intervals due to the underlying compensation for
hemorrhage. The “stress–response” to hypovolemia, (with
endogenous catecholamines, neural mechanisms, and pain
from injuries) generally leads to a brief rise in BP during
the early phase, despite lowered blood volume and cardiac
output from bleeding. Compensatory mechanisms will
inevitably become overwhelmed by prolonged hemorrhage
and hypovolemia. Often BP drops precipitously as compen-
sation is lost, though blood flow may have been marginal for
some time prior to the drop (39).

Thus, repetitive BP measurements during diagnostic
and therapeutic procedures are mandatory to anticipate and
monitor impending hemodynamic decompensation. Patients
with tenuous BP values need closer supervision and rapid
diagnostic procedures to avoid further deterioration.

Pulse oximetry can also be helpful in detecting dimin-
ished perfusion. When the patient begins to vasoconstrict
peripherally due to hypovolemia, the pulse oximetry
signal may become intermittent and difficult to detect. This
problem is often improved by volume resuscitation.

Hypotension is the most common indication of circula-

tory dysfunction in trauma. Nevertheless, normal BP does

not exclude circulatory impairment following trauma, as

30% of the blood volume may be lost before hypotension
begins to occur.

Body Temperature
Mild hypothermia (35.9–358C) will result in sympathetic
activation. Physiological changes are tachycardia and
increased peripheral vasoconstriction and cardiac output
(40). Moderate hypothermia (34.9–32.58C) is associated
with a progressive decrease in HR and cardiac output and
increased atrial and ventricular dysrhythmias. Severe
hypothermia (,32.58C) produces progressive decreases in
BP, HR, and cardiac output with final asystole. Therefore,
assessment of hemodynamic status must incorporate early
measurement of body core temperature.

Additional vasoconstriction due to hypothermia can
obscure circulatory impairment caused by bleeding as
evaluated by BP measurements. However, the vasoconstric-
tion from hypothermia will exacerbate the pulse-oximetry-
mediated clues of under perfusion (i.e., inability to detect
pulse-detecting signal).

A reduced core temperature needs special attention
not only for circulatory treatment, but also for pathophy-
siological problems of rewarming and coagulopathy
(Volume 1, Chapter 40) (41,42). Hypothermia can
modify circulatory response to trauma.

Urine Output
Monitoring urine output is essential in the ongoing assess-
ment of circulation. However, the duration of the PS is
generally too fleeting for urine output to be of value. None-
theless, urine output is followed during resuscitation and
throughout the SS. Normal urine output is approximately
1.0 mL/kg/hr, but it often requires more than 15 to 30
minutes to obtain meaningful results. Reduced or declining
urine output indicates deterioration of hemodynamics due
to shock, bleeding, or inadequate fluid resuscitation. Patients
with increased osmotic loads due to hyperglycemia, ethanol
intoxication, and mannitol treatment may have elevated
urine output despite hypovolemia. Normal urine output is
one of the standard endpoints of resuscitation and reflects
adequate renal perfusion pressure and sufficient fluid
replacement. Urine output is an important but not an
immediate indicator of intravascular volume and systemic
perfusion.

Circulatory Depression from Nonhemorrhagic Causes
Although hypotension in the trauma patient should
initially be assumed to result from hemorrhage, circula-
tory depression can also occur due to nonbleeding injuries
and other sources. Hypotension can arise from the
increased thoracic pressure that results from hemothorax,
pneumothorax, or diaphragmatic rupture (described earlier).
Additionally, pericardial tamponade or myocardial ische-
mia can result from injury to a coronary artery during
trauma or due to progression of pre-existing coronary
artery disease and a diminished supply/demand profile
during hemorrhage. Ischemia can be detected by ST
depression or elevation on ECG. Spinal cord injuries are
another source of hypotension manifesting as vasodilation
and bradycardia. Injury to the spinal cord will exacer-
bate any hemorrhage-induced hypotension because the
normal sympathetic compensation to hypovolemia is

lost.
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Management of Compensated Hemorrhagic Shock
The PS involves assessment of the patient’s vital functions.
Stable systems on admission do not exclude deterioration.
Concise assessment and anticipation of deterioration are
basic principles in trauma management. Experience and
skills must be available if there is any doubt.

Shock Prediction and Prevention
Shock prediction and prevention are essential elements of
early trauma management. Possible bleeding sources
causing future decompensation must be excluded. After
the initial evaluation, diagnostic procedures should identify
obvious and occult bleeding. Clinical examination can
exclude external bleeding, as well as open fractures and
most closed fractures. Immediate X-ray of the thorax and
pelvis excludes bleeding in both regions. Abdominal exam-
ination using FAST can reveal free liquid representing
blood at an early stage. FAST has substantially replaced
diagnostic peritoneal lavage (DPL) in many parts of the
world and should be available in every trauma unit. The
staging of abdominal injuries is reviewed in Volume 1,
Chapter 27.

Blood samples for relevant laboratory tests [especially
Hgb, Hct, platelets, an arterial blood gas (ABG), and lactate]
should be obtained to evaluate and re-evaluate patient
status. Parameters of blood coagulation, such as prothrom-
bin time (PT) and partial thromboplastin time (PTT), are
essential for diagnosing coagulopathies, especially in uncon-
scious or hemorrhaging patients. Minimal trauma can cause
significant bleeding with disastrous results if anticoagula-
tion is present.

Maintenance of Blood Pressure and Tissue Perfusion
The conventional resuscitation approach presently

favors maintaining BP and tissue perfusion until blood
loss is controlled with fluid resuscitation to avoid lactic
acidosis and organ failure. Although raising BP can
increase tissue perfusion and tissue oxygenation, it can
also worsen bleeding and impair formation of new blood
clots or dislodge the existing ones (43). Predictive factors
for mortality in the exsanguinated patient have been
identified. They are pH � 7.2, temperature ,348C, blood
replacement . 4000 mL, fluid replacement .10,000 mL,
and/or estimated blood loss .15 mL/min (44).

The absolute BP per se has not been a consistent pre-
dictive parameter. However, the practical approach involves
the titration of BP with fluid resuscitation, taking a middle
ground between maintaining the Q̇ and cerebral perfusion,
versus increasing the head of pressure so much that hemor-
rhage is exacerbated.

To avoid the triad of hypothermia, acidosis, and coagu-
lopathy or even cardiac arrest in severely bleeding patients,
staged surgical laparotomy (i.e., “damage control”) has been
proposed (Volume 1, Chapter 21) (45).

Management of Uncontrolled Hemorrhagic Shock
Uncontrolled hemorrhagic shock from trauma has an extre-
mely high mortality (46). Death at the scene or on arrival
occurs in many of these patients. Uncontrolled hemorrhage
was found in nearly 50% of patients whose SBP was below
90 mmHg and in 66% of those patients whose SBP was
below 50 mmHg (46). The predominant cause was penetrat-
ing or blunt trauma with laceration of the great thoracic or
abdominal vessels due to high-speed deceleration, fall, or
firearms.

Major vessel injury is seen in 5% to 25% of patients
admitted to the hospital with abdominal trauma (47). The
three vessels with the highest mortality rates when injured
include the aorta (91%), hepatic veins and/or retrohepatic
vena cava (88%), and portal vein (69%) (47). These injuries
usually require immediate surgical control for survival
to occur.

Identification of hemorrhagic shock in the prehospital
setting requires immediate transport, along with the notifica-
tion of the trauma team to prepare for immediate diagnosis
and treatment of uncontrolled hemorrhage. These patients
should be transported directly to the trauma OR (Volume
1, Chapter 5).

Initial normalization of BP with fluid resuscitation in
patients with uncontrolled bleeding is no longer a common
goal in the prehospital setting or in the resuscitation bay.
Successful management must focus on identifying sources
of bleeding and initiating definitive care while achieving
the minimal perfusion pressure required to maintain
“adequate” cardiac and cerebral function. “Normalization”
of BP with fluid resuscitation occurs after control of
bleeding and is aimed at minimizing organ damage from
hemorrhagic shock. Trauma patients with uncontrolled
hemorrhagic shock require damage control surgery
without time delay.

Diagnostic Testing and Monitoring Adjuncts
Hemoglobin Measurements
Hemoglobin admission level is a common parameter for
estimating blood loss. A low Hgb level is considered as an
indicator of serious ongoing hemorrhage after injury. This
parameter has important implications for further manage-
ment and prognosis. In 31 patients with initial Hgb levels
of ,8 g/dL, the overall mortality was 48.4% when compared
with 2.6% in 969 patients with initial Hgb level �8 g/dL (48).
Nevertheless, even extremely low hemoglobin levels are tol-
erated if intravascular volume is restored (49). When inter-
preting the hemoglobin level, one needs to consider the
extent of dilution due to prehospital fluid resuscitation
with crystalloids or colloids. Normal Hgb levels do not
assure that the patient has not sustained significant
blood loss.

Invasive Blood Pressure Monitoring
Invasive BP measurement provides continuous information
about the patient’s hemodynamic status and is commonly
used in the OR and ICU. Changes in BP will be detected
earlier, and interpretation of the arterial pressure waveform
provides additional information on the volume status,
contractility, and afterload of the patient.

Central Venous Pressure
Central venous pressure (CVP) reflects right atrial pressure
and provides information concerning volume status. Its
reliability has been questioned due to methodological
problems and interference with ventilation (50). However,
experienced practitioners find the placement of large-bore
CVP lines useful for rapid fluid administration, the
continuous monitoring of intravascular volume, and infu-
sion of vasoactive drugs.

Placement of arterial lines and central lines typically
occurs after the PS, either at the initiation of the SS or in
preparation for surgery, but they are critical to optimal
ongoing management.
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Ideally, a competent individual is quickly and expertly
placing such lines in large dedicated trauma centers and/or
immediately present for supervising junior people. The
approach of relegating these invasive lines (or even large-
bore peripheral IVs) to junior inexperienced members of
the trauma team is inappropriate. The supervising physician
must be present and willing to quickly take over procedures
in patients, who are difficult to cannulate. These severely
injured patients require that such intravascular access tech-
niques be executed with proficiency and speed, as sites
and opportunities may be limited.

Arterial Blood Gas and Base Deficit
Analysis of the ABG (which measures pH, PaO2, PaCO2,

and bicarbonate) provides information on the oxygenation,
ventilation, and metabolic status of the patient.

Assessment of gas exchange, staging the severity of
shock, and gauging the adequacy of resuscitation are the
principal advantages of obtaining an ABG. The base deficit
(BD), which represents a nonspecific indicator of metabolic
acidosis, is estimated as an expedient and sensitive
measure of both the degree and the duration of inadequate
perfusion and ongoing hemorrhage (51,52). In trauma
patients, a persistently elevated BD (i.e., more negative
base excess) is associated with altered oxygen utilization
and an increased risk of multiple organ failure and mortality
(53). The BD trend helps to guide early and aggressive
therapy for trauma/hemorrhage-induced tissue hypoxia
(54). Rutherford et al. (51) identified a BD of 15 mmol/L as
predictive of a 25% mortality rate among trauma patients
younger than 55 years of age without TBI. Advanced age
or the presence of TBI reduced the tolerance of BD. A BD
of 8 mmol/L predicted a 25% mortality rate in trauma
patients 55 years of age or older without TBI, as well as in
patients ,55 with TBI (51). Thus, BD serves as an important
early indicator of resuscitation adequacy.

Lactate Level
Traditionally, an elevated blood lactate level after hemor-

rhage is interpreted as tissue hypoperfusion, hypoxia, and
anaerobic glycolysis. The severity and duration of the
increase in blood lactate levels correlate with death (55).
Early lactate measurement in the resuscitation suite can
help to determine therapy strategies and to find appropriate
endpoints of resuscitation of trauma patients (56). No
one has yet shown improved outcomes with sodium bicar-
bonate administration at any specific lactate or BD level.
Thus, resuscitation is mainly fluid-based, with bicarbonate
therapy being empirically administered at various
thresholds around the world.

Over time, the administration of large quantities of
normal saline can convert a metabolic acidosis due to
lactate (reflecting underperfusion) into one resulting from
excessive chloride ions (introgenic). Thus, lactate must be
measured in the setting of metabolic acidosis to determine
the adequacy of resuscitation. The anion gap will also be
elevated when lactate is the etiology of metabolic acidosis.

FAST Versus DPL Versus CT Scan
Clinical examination of the abdomen is notoriously unreli-
able following blunt abdominal trauma, especially in the
settings of competing pain or altered mental status.
In unstable patients, without another reason to go to the
OR, rapid objective evaluation of the abdomen is mandatory.
Both FAST and DPL are used for this purpose. The FAST

examination is noninvasive, more rapid, and less expensive

than DPL, but can also miss some injuries (57). Indeed,
a 28% incidence of liver and spleen injury visible on CT
scan without significant free fluid in the abdomen
was missed by FAST (58). The main function of the FAST
examination is to rule in or out large quantities of free
fluid in the abdomen and pericardial sac. In hemo-
dynamically stable patients, the FAST examination or CT
scan can be used (56). The FAST examination should be fol-
lowed up with CT scan when equivocal results are obtained,
when retroperitoneal injuries are suspected, and to stage
injuries detected by the FAST (see (Volume 1, Chapter 27).

CT Scan
The need for a CT scan in severely traumatized patients is
obvious. However, CT scanning is part of the SS and should
not be used in hemodynamically unstable patients. As a
screening tool for aortic injury, CT scan has a 100% negative
predictive value if there is no periaortic hematoma (59).

CT scan is the imaging tool of choice for injuries
involving the retroperitoneum. The diagnosis of periaortic
hematoma (Zone I) increases the likelihood of significant
intra-abdominal injury and, when associated with other
intra-abdominal findings, indicates a need for operative
exploration (60). Hemodynamically unstable patients

should go to the OR rather than the CT scanner.

DISABILITY
General Considerations
A rapid neurological examination is performed during the
PS, immediately after identifying life-threatening injuries
related to the airway, breathing, or circulation (26). The
check for unresponsiveness of a patient is a primary task
of the basic life support (BLS) assessment phase and also
has to be considered as part of the PS in trauma patients
(61). Therefore, the “D” in the PS of the trauma patient
refers to “neurological disability,” including any injury to
the central or peripheral nervous system.

A brief neurological examination should always be
completed at the scene (and documented) by the EMS provi-
ders prior to the administration of drugs which could alter
neurological function. The results of these examinations
are thus compared with the neurological examination
performed immediately upon arrival in the resuscitation
suite.

A decreased level of consciousness should initially be
attributed to hypoxia, hypovolemia, TBI, or hypoglycemia
(62). However, the effects of drugs, alcohol, hypothermia,
and metabolic causes should also be considered. Any altera-
tion in neurological examination should be evaluated
immediately by (follow-up) CT scan (63,64).

In any emergency patient, the neurological portion of
the PS should be completed within one to two minutes. All
findings of this examination must be documented in the
patient’s chart and factored into the evaluations of airway,
breathing, and circulation.

History
Mechanism of Injury
Knowledge of the mechanism of injury helps the traumatol-
ogist recognize the most likely neurological injuries. It can be
predicted, for example, that a patient who fell from a height
of more than 5 m is likely to present with a complex injury
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pattern including various kinds of neurological disability
(e.g., from cerebral or spinal trauma).

Patient History
An outline of the patient’s history should be obtained as
early as possible, ideally first at the scene. This can be
achieved by directly questioning the patient or, if the
patient cannot communicate, receiving information from
relatives or bystanders, as well as seeking clues from
“medic-alert” bracelets, surgical scans, medications found
in handbags, and so on. Whether or not this precedes exami-
nation, treatment will depend on the acuity of the symptoms
and the urgency of treatment.

To correctly judge any neurological disability, it is
valuable to know whether the patient was suffering from
any pre-existing head injuries, cognitive limitations, or
seizure disorders. A general medical history including
cardiac, pulmonary, and metabolic status, as well as medi-
cations, should also be detailed. A useful mnemonic
for obtaining a rapid history is AMPLE: allergies,
medications, past medical history, last ate/drank, events

leading up to the incident.

Physical Examination
The neurological examination of the trauma patient occurs
coincident with the evaluation of airway, breathing, and
circulation (65). Clinical symptoms of TBI can be quickly
gauged by evaluating three items: level of consciousness,
pupillary function, and lateralized weakness of the extremi-
ties (Table 10). The level of consciousness is assessed as part
of evaluation of the GCS, which enables its user to rapidly
determine neurological disability.

Level of ConsciousnessçGlasgow Coma Scale
The GCS, developed in 1974, is the most widely used

system for level of consciousness assessment in trauma
(66). The GCS is not only predictive of outcome but
also simple to use, with low intraobserver variability (67–70).
The GCS is calculated by adding the values obtained in each

of the three components eyes (1–4), motor (1–6), and voice
(1–5) resulting in a final score from 3 to 15 points (Table 11)
(71,72). The GCS is fully described elsewhere (Volume 1,
Chapters 4 and 23 and Volume 2, Chapters 7 and 12).

The GCS not only helps to rapidly assess the patient’s
neurological function, but also serves as a guideline for
initial patient management including the need to intubate,
obtain a brain CT scan, and/or monitor ICP. An aggregate
GCS of �8 represents a severe TBI, GCS 9 to 12 signifies a
moderate injury, and GCS 13 to 15 denotes a minor injury.
As a general rule, patients achieving a GCS of �8 need intu-
bation due to compromised airway reflexes. Repeated GCS
scoring, starting in the prehospital setting and extending
into the hospital resuscitation phase, can also demonstrate
decreasing scores and thus the need for more urgent inter-
vention (73).

Pupil Examination
In addition to the level of consciousness, the pupils are
assessed for size, equality, and response to bright light.
The response to light should be rapid and equal bilaterally.
Sluggish responses and differences in diameter greater
than 1 mm must be attributed to intracranial injury and
should result in further diagnostics.

Table 11 Glasgow Coma Scale and Pediatric Glasgow Coma Scale

Parameter

Response

(four years of age

and older)

Response

(less than four

years of age) Score

Eye opening Spontaneous Spontaneous 4

To verbal command React to voice 3

To pain React to pain 2

Unresponsive Unresponsive 1

Verbal response Oriented Smiles, follows objects, interacts 5

Disorientated Cries but consolable, inappropriate 4

Inappropriate words Inconsistently consolable, moans 3

Incomprehensible sounds Inconsolable, irritable 2

Unresponsive Unresponsive 1

Motor response Obeys commands Spontaneous, obeys commands 6

Localizes pain Localizes pain 5

Withdraws to pain Withdraws to pain 4

Flexion to pain Flexion to pain 3

Extension to pain Extension to pain 2

Unresponsive Unresponsive 1

Table 10 Clinical Signs of Head Injury

Decreased level of consciousness

Pupil size and reaction altered

Hemiparesis, hemiplegia

Cranial deformity and swelling

Leak of cerebrospinal fluid

Hemotympanum

“Raccoon eyes”

Seizures

“Battle’s sign” [postauricular (mastoid) ecchymosis]
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The unilaterally dilated pupil usually indicates a third
cranial nerve palsy due to transtentorial herniation. Aniso-
coria can also exist congenitally, following cataract surgery,
due to ophthalmoplegia or rarely due to a unilateral admin-
istration of mydriatic eye drops. However, until proven
otherwise anisocoria should be assumed to result from
increased ICP. In 94% of adult TBI patients, the dilated
pupil occurs on the side of an intracerebral mass lesion.

Patients presenting this sign require urgent diagnostic
evaluation (CT scan) and frequently immediate intervention.
Various drugs, mainly atropine and opioids, can also alter
pupil size and reaction. In addition to these and obvious
ocular or vitreal–retinal injuries, papillary asymmetry as
well as areflexia may also be caused by injuries to the optic
nerve associated with basilar skull fractures.

Motor Examination
The primary test to assess motor function is to watch gross
motor movements of the patient’s fingers and toes. This
can best be achieved by asking the patient to move extremi-
ties or wiggle digits. Comparing the differences between
right and left sides can reveal extremity weakness. Any later-
alized weakness suggests a pathological condition. Signs of
lateralization may include a delayed response to stimuli,
the need for a greater stimulus, or reduced muscular
strength. Muscle weakness occurs contralateral to the
intracerebral mass lesion in approximately 75% of adult
TBI patients. A more complete and time-consuming
examination of muscle strength, tone, and symmetry will
be performed during the SS in stabilized patients.

Cervical spine injury is suspected in any patient suffer-
ing from whiplash injury to the cervical spine and serious
head or maxillofacial trauma. The leading symptom of any
vertebral spine injury is localized pain, paresis, and paralysis
which indicate that the spinal cord is also injured (thus the
“three Ps”). Other symptoms vary, depending on location
of injury and extent of spinal cord damage (Table 12).
Clinical examination may reveal swelling or deformities in
the back of the neck, but radiographic evaluation is required
to stage these injuries.

Injury to the sympathetic pathways results in spinal
shock in patients with thoracic and cervical spine lesions.
Such patients show typical signs of hypotension, usually in
conjunction with bradycardia.

Sensory Function and Other Symptoms
A sensory deficit should be diagnosed as early as possible to
prevent any further compromise during patient positioning
and transport. Loss of all sensation below a specific vertebral
level suggests an SCI. Loss of sensation relegated to one side
of the body correlates with a high central nervous system
lesion before entering the brainstem structures.

Other signs and symptoms of potential neurological
damage include increased severity of headache or develop-
ment of nausea and vomiting.

EXPOSURE/ENVIRONMENTAL CONTROL
Exposure
The patient should be completely undressed. When patients
arrive in obviously expensive clothing and are awake and
cooperative, then pants or skirts can often be removed
without damaging the garments while still maintaining
axial spine precautions. These awake patients should be
kept covered immediately following exams or procedures
to preserve warmth and to provide some degree of privacy
and modesty. However, patients who are unstable must
have their clothes removed by cutting with “trauma
shears” as fast as is safely possible to gain access, and thus
control hemorrhage, place IV catheters, and fully evaluate
all injuries and all body surfaces. The cutting must be done
carefully to avoid injury or inadvertently severing IV lines
that were started in the prehospital environment. The
patient should be surveyed from head to toe, front and
back, including axillae and perineum.

Environmental Control
After removing all the garments, the patient must be
re-covered with warm blankets or sheets to prevent
hypothermia in the ED. External warming devices such as
overhead warming lights can also be employed. Hypother-
mia (Volume 1, Chapter 40) adds additional morbidity to
the trauma patient mainly through the associated coagu-
lopathy. Watts et al. (74) showed that patients whose temp-
erature was �348C demonstrated significant coagulopathy.
Others have shown that hypothermia occurs commonly in
severely injured patients and is associated with a high mor-
tality rate (75).

Intravenous fluid should be warm. Fluid at a room
temperature of 188C or, even worse, cold blood from the
blood bank with a temperature of 48C will cause hypother-
mia in the injured patient. When large flow rates are
required, a high-volume and heat capacity fluid warmer
should be used. There are several technologies available on
the market (see Volume 1, Chapters 5 and 10).

EYE TOTHE FUTURE

Appropriate and effective airway management is fundamen-
tal to treating trauma patients. In most settings, the airway
can be successfully managed by experienced personnel as
described here and in Volume 1, Chapter 9. Training prehos-
pital providers as well as trauma resuscitation hospital per-
sonnel in management techniques for difficult airways
should further improve outcomes. Because many anesthe-
siologists and emergency medicine physicians work in set-
tings with minimal trauma, they should regularly enroll in
practical courses that teach the use of the LMA, ETC, TTJV,
and cricothyroidectomy, so they can be prepared for emer-
gency trauma airways when they arrive. Additionally,
mastery of the use of the FOB for intubation, verification of
tube position, and diagnosis is becoming mandatory. Verifi-
cation of ETT position with ETCO2 and/or EDD is now a
required standard (and should be documented).

Chest tubes should be placed on the basis of
clinical examination indicating tension pneumothorax or

Table 12 Symptoms of Spinal Cord Injuries

Pain at the injury site

Paresis below the level of injury

Paralysis below the level of injury

Paresthesia

Loss of sensation and reflexes below the level of injury

Impairment of ventilation (high-level lesion of the C-spine)

Abbreviation: C-spine, cervical spine.
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hemothorax. However, increasingly, trauma surgeons are
finding that the FAST examination can be used to diagnose
pneumothorax and/or hemothorax (76). This evolving tech-
nique expands the use of ultrasound beyond detecting
abdominal and pericardial blood to obtain a rapid diagnosis
of hemo-pneumothorax.

The type and the quantity of fluid that should be admi-
nistered during initial resuscitation is an important question
that has yet to be answered. Ongoing research also continues
in the use of “artificial blood” products (see Volume 2,
Chapter 59) (77,78). The potential decreased need for blood-
typing, and the decreased risk of immunosuppression and
infection, as well as the extended shelf-life makes artificial
blood an important area of future research pertinent to the
early resuscitation occurring during the PS.

Transport of unstable patients to the CT suite is time-
consuming and dangerous. Outfitting CT scanning machines
in the trauma resuscitation suite is an expected future
trend. It is further anticipated that increasing numbers of
patients will soon receive “total body CT scans” upon
admission to the resuscitation bay, further expediting treat-
ment and increasing accuracy of diagnosis. In that event, the
CT scan can be performed simultaneous with resuscitation
and may become an integral part of the PS rather than its
current relegation to the SS. To a certain extent, this is
already being done in some Israeli centers and at the Shock
Trauma Center of the University of Maryland.

A more rapid evaluation of coagulation status may be
useful in certain patient populations (e.g., those with known
TBI, hypothermia, and jaundice or elderly). Use of a rapid
activated clotting time (ACT) assay in these patients may
help define those at high risk and trigger early use of FFP
or factor VIIa.

Although hypothermia is known to cause coagulation
problems, moderate hypothermia leads to improvement in
outcome in brain injuries (79). Ongoing research focuses on
novel techniques to maintain moderate hypothermia without
a negative effect on coagulation, especially in TBI patients.

SUMMARY

The ABCDE approach to the PS provides an optimal system
whereby life-threatening problems involving the most criti-
cal systems (airway, breathing, circulation, and disability)
are diagnosed and treated first. Next, the patient is
exposed so that all body surfaces are inspected in search of
occult injuries. Once all life-threatening conditions are diag-
nosed and treated, the SS commences (Volume 1, Chapter
14). Resuscitation continues during both the PS and the SS,
and constant re-evaluation of the ABCDs is required for
optimum management. In severely injured patients, the PS
and SS may occur in the OR, and certain elements of the
SS (e.g., definitive imaging of extremities and the axial
spine) may be deferred until after life-saving maneuvers
are completed (e.g., immediate splenectomy in an exsangui-
nating patient). Each of the elements in the PS is discussed in
greater detail in subsequent chapters.

KEY POINTS

The PS is performed in a prescribed sequence, which
reviews the most life-threatening conditions first
including evaluation of airway, breathing, circulation,
disability, and exposure (ABCDEs) (Table 1).

Assessment of airway patency and spontaneous breath-
ing is the crucial first step, which should be completed
within the initial 10 to 15 seconds of the PS.
Cervical spine immobilization should be maintained
until neck injuries are ruled out.
Cricoid pressure should be maintained until the tra-
cheal tube cuff is inflated and correct positioning of
the ETT is confirmed.
Direct laryngoscopy with orotracheal intubation is the
principal method used in acute trauma patients
because of speed and technical advantages.
Assisted ventilation (i.e., “modified RSI”) is frequently
justified because trauma patients are often hypoxemic
and hypercapneic.
All patients should receive 100% oxygen by the face-
mask or via the BVM ventilation device for a full five
minutes or with four to eight vital capacity breaths
prior to initiating RSI.
Following intubation, the tube position must be
confirmed with measurement of end-tidal CO2

(PETCO2) or by use of an esophageal detector device
(EDD) in conjunction with clinical signs.
Distended neck veins are a sign of increased intrathor-
acic pressure, as occurs with a tension pneumothorax,
massive hemothorax, or cardiac tamponade.
Tension pneumothorax, massive hemothorax, and
cardiac tamponade should be clinically diagnosed and
treated prior to CXR.
Whenever a needle thoracostomy is used, it must be
followed up by placement of a chest tube.
If more than 1500 mL of blood is evacuated after the
initial chest tube placement, or drainage of more
than 200 mL/hr persists for two to four hours, con-
sideration should be given to operative exploration
(26).
“Needle pericardiocentesis” is only a temporizing pro-
cedure. After relieving the tamponade, the catheter
should remain in the pericardial sac (for further drai-
nage) and the patient should then be transported to
the OR for a definitive treatment.
When choosing a ventilator for trauma patients in the
resuscitation suite, reliability, mobility, and simplicity
are the most important characteristics.
Hemorrhage is considered as the primary source of
hemodynamic instability in trauma patients until
proven otherwise.
Raised HR infers diminished intravascular volume, but
is modified by vagal tone, emotional stress, pain, and
drugs.
Hypotension is the most common indication of circula-
tory dysfunction. Nevertheless, normal BP does not
exclude circulatory impairment following trauma, as
30% of the blood volume may be lost before hypoten-
sion begins to occur.
Hypothermia can modify circulatory response to
trauma.
Urine output is an important but not an immediate
indicator of intravascular volume and systemic
perfusion.
Injury to the spinal cord will exacerbate any hemor-
rhage-induced hypotension because the normal sym-
pathetic compensation to hypovolemia is lost.
The conventional resuscitation approach presently
favors maintaining BP and tissue perfusion until
blood loss is controlled with fluid resuscitation to
avoid lactic acidosis and organ failure.
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Trauma patients with uncontrolled hemorrhagic shock
require damage control surgery without time delay.
Normal Hgb levels do not assure that the patient has
not sustained significant blood loss.
Analysis of the ABG (which measures pH, PaO2, PaCO2,
and bicarbonate) provides information on the oxygen-
ation, ventilation, and metabolic status of the patient.
Traditionally, an elevated blood lactate level after
hemorrhage is interpreted as tissue hypoperfusion,
hypoxia, and anaerobic glycolysis.
The FAST examination is noninvasive, more rapid, and
less expensive than DPL, but can also miss some inju-
ries.
Hemodynamically unstable patients should go to the
OR rather than the CT scanner.
A useful mnemonic for obtaining a rapid history is
AMPLE: allergies, medications, past medical history,
last ate/drank, events leading up to the incident.
The GCS, developed in 1974, is the most widely used
system for level of consciousness assessment in trauma.
In 94% of adult TBI patients, the dilated pupil occurs on
the side of an intracerebral mass lesion.
Muscle weakness occurs contralateral to the intracereb-
ral mass lesion in approximately 75% of adult TBI
patients.
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INTRODUCTION

Airway loss is a major cause of preventable prehospital
deaths (1). Trauma airway management is complicated due
to associated pathology, suboptimal intubating conditions,
and because full preintubation evaluation and planning
is rarely possible. Furthermore, trauma patients are at
increased risk for hypoxia, airway obstruction, hypoventila-
tion, hypotension, and aspiration. Optimum management of
the trauma airway requires proper evaluation, preparation,
and expeditious execution with readily available backup
rescue options (i.e., plan “B”).

Airway management disasters account for a large pro-
portion of malpractice claims in the American Society of
Anesthesiologists (ASA) closed claims database. A statisti-
cally significant reduction in airway management claims
has occurred over the last decade because of the introduction
of the ASA difficult airway (DA) algorithm, which institutio-
nalized the need for airway evaluation, awake intubation
techniques, and the use of back-up rescue modalities [e.g.,
laryngealmaskairway (LMA),esophageal-tracheal-combitube
(ETC), and transtracheal jet ventilation (TTJV)] (2). The authors
believe that incorporation of the ASA DA algorithm (with
certain minor modifications) can likewise improve safety in
trauma airway management.

This review of definitive airway management for
trauma and critical care begins with a survey of the equipment
and drugs that should be prepared ahead of time, defines
and characterizes the “DA,” algorithm and describes the
principles of airway evaluation under both elective and emer-
gency trauma conditions. The essential elements of conven-
tional trauma airway management are then provided,
followed by a review of the principles and techniques that
should be considered when managing the difficult trauma
airway. Emphasis is placed throughout the chapter on
proper evaluation and prioritization of treatment, with
awake intubation techniques recommended for DA manage-
ment of cooperative and stable trauma patients. The authors
also recognize that emergency airway adjuncts (e.g., LMA,
ETC, TTJV, etc.) may be required to rescue the cannot intu-
bate–cannot ventilate (CNI–CNV) situation. Specific tips
are provided regarding successful techniques and pitfalls of
fiberoptic bronchoscopy (FOB) in a dedicated section, and

this technique is appropriately emphasized throughout this
chapter.

After providing a survey of the major considerations and
tools useful in trauma airway management, the ASA DA algor-
ithm is formally reviewed along with the suggested modifi-
cations required for trauma situations. With this foundation,
the management of five common trauma DA scenarios are
reviewed. Important trauma airway complications are then
summarized. Finally, new concepts and techniques that are
currently being developed to improve trauma airway manage-
ment are described in the “Eye to the Future” section.

EQUIPMENTAND DRUG PREPARATION

Regardless of the urgency associated with any particular
intubation event, several key drugs and airway management
tools are universally required; these should be available (and
guaranteed to be in working order) before being called to
care for a trauma patient. The critical emergency airway
equipment items are listed in Table 1, and include: (i) an
oxygen (O2) source and various types of administration
devices; (ii) an assortment of oral and nasal airways, along
with a bag-valve-mask (BVM) ventilation device capable
of applying positive pressure ventilation (PPV) (and able
to deliver 100% O2); (iii) intubation equipment [including
laryngoscopes, styletted and pretested endotracheal tubes
(ETTs)]; (iv) suction tubing and a tonsil-tipped suction
device; (v) a functioning intravenous (IV) catheter; (vi) prela-
beled syringes containing induction and resuscitation drugs
(including vasopressors and inotropes); (vii) appropriate
monitors and intubation detectors (as will be described
below). All of the aforementioned equipment (except for
the O2 source) should fit into a portable storage unit
(i.e., “Code Bag”) for trauma resuscitation. In austere
environments, small tanks of O2 will also need to be trans-
ported to the site of emergency airway management. The
importance of each of these essential airway management
devices and drugs will be reviewed in this section.

Oxygen: Critical During Trauma Airway Management
Advanced Trauma Life Supportw (ATLSw) begins with assess-
ment and management of the airway and breathing, the top
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two priorities in the airway, breathing, circulation, disability,
and exposures (ABCDEs) of the primary survey (reviewed
in Chapter 8). As soon as a trauma patient is encountered
in the field or in the trauma resuscitation suite (TRS), O2 is
immediately applied. Furthermore, O2 should be adminis-

tered throughout the trauma assessment and treatment
phase.

Numerous causes of hypoxemia exist and all are
improved with the administration of 100% O2 (Table 2).
Hypoxemia is a constant threat in trauma and critical
illness due to disease processes that cause respiratory
failure and those associated with injury. In addition, 100%
O2 should be administered for three to five minutes immedi-
ately preceding airway management (i.e., “preoxygenation”)
to increase the duration of adequate O2 saturation during the
period of postinduction apnea.

Treatment of Hypoxemia
Hypoxia is defined as decreased O2 tension at any location
inside or outside the body. Clinically, the term hypoxia
denotes decreased O2 tension at the tissue level. Hypoxemia
is defined as decreased O2 tension in the arterial blood
(PaO2). In trauma scenarios, when tissue hypoxia occurs,
hypoxemia is nearly always present.

There are eight major causes of hypoxemia (Table 2).
The first five etiologies are related to the atmosphere
[low partial pressure of inspired O2 (PIO2)] or the lungs
[hypoventilation, ventilation-perfusion (V̇/Q̇) mismatch,
right-to-left transpulmonary shunt (Q̇s/Q̇t), and diffusion
abnormalities]. The next two causes of hypoxemia involve
delivery of O2 (Ḋ O2) to the tissues [i.e., low oxy-hemoglobin
or low cardiac output (Q̇)]. The final cause of hypoxemia is
termed “histocytic,” denoting a problem in O2 utilization
at the tissue level, usually because of the poisoning of the
mitochondrial electron transport chain, as seen with
cyanide or carbon monoxide toxicity. Patients suffering
from all of these eight causes of hypoxemia will benefit

from the administration of 100% O2 (these topics are further
developed in Volume 2, Chapters 2 and 23).

Preoxygenation: Maximizing PaO2 During Apnea
During trauma airway management, O2 is administered
prior to intubation in a process known as preoxygenation.

Optimum preoxygenation requires that 100% O2 be
delivered by a tight fitting mask during spontaneous
ventilation (SV) for three to five minutes prior to adminis-
tering drugs that cause apnea. If the time does not
allow for a full five minutes of preoxygenation, the patient
should be instructed to take four to eight vital capacity
breaths; this will increase O2 stores, though not to the
same level as a full five minutes of preoxygenation. The
goal of preoxygenation is the replacement of nitrogen with
O2 (de-nitrogenation), thereby increasing the O2 stores in
the lungs, arterial, and mixed venous blood, as well as in
the tissues. Consequently, the duration that apnea can be
endured without causing arterial desaturation of O2 is
prolonged.

Preoxygenation of the lungs is an essential component of
any intubation technique that might involve a period of apnea.
Preoxygenation is especially important for a rapid sequence
intubation (RSI). When a patient is rendered apneic, the
patient has a finite period of time prior to arterial desaturation.
This time period is directly related to the reservoir of oxygen in
the lungs at end-exhalation during normal tidal breathing [the
functional residual capacity (FRC)], and inversely related to
the oxygen consumption (V̇O2—approximately 250 mL/min
in 70 kg patient) (Fig. 1).

Preoxygenation with 100% O2 allows for up to 10
minutes of oxygen reserve following apnea in a normal
patient at rest with healthy lungs and a normal FRC
(�2.5 L). However, the same patient when breathing room
air (21% O2) would have about one-fifth the time (only two
minutes) prior to arterial desaturation. Furthermore,
trauma patients frequently have a decreased FRC due to

Table 1 Emergency Airway Equipment Contained in Portable Storage Unit for Trauma Resuscitation

Requirement Equipment

Oxygen BVM with oxygen inflow tubing

Ventilation Soft nasal airway

Rigid oral airway

Emergency cricothyroidotomy device, [or TTJV equipment]

Intubation Laryngoscope with new tested batteries

#3 and #4 Macintosh blades with functioning light bulbs

#2 and #3 Miller blades with functioning light bulbs

ETTs—various sizes styletted with balloon tested

LMA or ETC

Tracheal tube guides (semi-rigid stylets, ventilating tube changer, light wand)

Flexible fiberoptic intubation equipment

Retrograde intubation equipment

Adhesive tape or umbilical tape for securing ETT

Suction Yankauer, endotracheal suction

Monitor CO2 detector, EDD

Drugs IV induction and paralytic medication

Topicalization drugs

deVilbiss sprayer for application of topical drugs

Resuscitation drugs (epinephrine, atropine, etc.)

Miscellaneous Various syringes, needles, stopcocks, IV connector tubes

Note: More equipment ¼ less portability, items in brackets [ ] are less mandatory.

Abbreviations: BVM, bag-valve-mask; EDD, esophageal detector device; ETC, esophageal-tracheal-combitube; ETTs,

endotracheal tubes; IV, intravenous; LMA, laryngeal mask airway; TTJV, transtracheal jet ventilation.

�

�

�

�
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numerous causes (e.g., pneumothorax, hemothorax, rib
fractures, diaphragmatic hernia, abdominal injuries includ-
ing intra-abdominal blood, etc.) and will desaturate earlier
than normal following apnea. Patients in respiratory
failure (i.e., cardiogenic or noncardiogenic pulmonary
edema, pneumonia, or pulmonary contusion) will desaturate
even sooner because of increased O2 consumption, increased
right-to-left transpulmonary shunting and further decreased
FRC (atelectasis, lobar collapse, see Fig. 2), (4).

Ventilation and Intubation Equipment
An assortment of facemasks should be available, as
discussed below, and one should be attached to the BVM
ventilation device. This should be pretested for integrity
and ability to generate positive pressure without leaks at
various connections, and should be capable of delivering
100% O2 at high flow rates. In austere environments,

where O2 supplies are intermittent, a self-inflating BVM
device such as an AMBUw bag is recommended.

Rigid oral and soft nasal airways should be available
in small, medium, and large sizes for the adult patient. To
manage pediatric airways, a pediatric kit with appropriate
sized equipment must also be available.

Various sized, styletted ETTs, with pretested bal-
loons, should be prepared as follows. An adult-sized ETT
(size 7.0 or 8.0) should have a malleable stylet passed
through its interior to a position just short (5–10 mm) of
the tip. The malleable stylet allows the distal end of the
ETT to be molded into a configuration that will most
easily pass through the patient’s vocal cords. In addition,
a styletted 6.0 ETT (or 5.0 ETT) should be prepared as a
backup for patients who have small glottic openings
and/or DAs (smaller ETTs more easily pass through
swollen or edematous glottic openings and into the
trachea).

Table 2 Causes of Hypoxemia in Trauma and Critically Ill Patients Requiring Emergency Airway Management

Causes Example P(A-a)O2 PaCO2

Response to

100% O2
a Therapy

Environmental

causes (low

PIO2)

Low PB (altitude) Normal Normal " PaO2 Give O2

Low FIO2 (e.g., excess

N2O)

Normal Normal "" PaO2 Give O2

Hypoventilation Flail chest

Heroin OD

SCI

Normal "" " PaO2 Give O2 then " VA

V̇A/Q̇t mismatch Hypovolemia

Excessive VT

Excessive

PEEP

"" Normal "" PaO2 Give O2 then "

intravascular

volume and

adjust ventilation

Shunt (Q̇s/Q̇t)

R! L

trans-pulmonary

shunt

Lung collapse (PTX,

HTX, atelectasis)

Pneumonia (aspiration)

Pulmonary contusion

Fat embolus

TRALI

ARDS

(Sepsis/SIRS)

"" Normal No improvement in

Qs/Qt units, but

never all 28 to

shunt

Give O2 then add

PEEP, " I:E

ratio as tolerated

Diffusion Massive fluid

resuscitation

(interstitial edema)

ARDS

"" Normal " PaO2 Give O2 then "

PEEP, diurese

when clinically

applicable

Anemia Hemorrhage " Normal " PaO2 (" O2

content)

Give O2 then

transfuse PRBCs

# Q̇ Hypovolemia

Myocardial

Ischemia

Cardiac

Tamponade

PTX/HTX

"" May # in response

to metabolic

acidosis

" PaO2 (" O2

content)

Give O2 then treat

18 cause

Histocytic hypoxic

conditions

CN toxicity

CO toxicity

"" May # initially

then " as respir-

atory failure

occurs

" PaO2 Give O2 then add

HBO for CO

poisoning and

d/c SNP for

CN2 toxicity

aCompared with FIO2 ¼ 0.21.

Abbreviations: ", increased; #, decreased; ARDS, acute respiratory distress syndrome; Asp, aspiration; CN, cyanide; CNI/CNV, cannot intubate/cannot ven-

tilate situation; CO, carbon monoxide; FIO2, fraction of inspired oxygen; HBO, hyperbaric oxygen; HTX, hemothorax; N2O, nitrous oxide; OD, overdose; PB,

barometric pressure; P(A-a)O2, partial pressure difference in O2 between the alveolus (A) and arterial blood (a); PaCO2, partial pressure of CO2 in arterial

blood; PEEP, positive end expiratory pressure; PIO2 (partial pressure of inspired O2), FIO2 � PB; Q̇ ¼ cardiac output; PRBCs, packed red blood cells;

PTX, pneumothorax; SCI, spinal cord injury; SNP, sodium nitroprosside; TRALI, transfusion related acute lung injury; VA, alveolar ventilation; VA/Qt

mismatch, alveolar ventilation/perfusion mismatch; VT, tidal volume.

Chapter 9: Definitive Airway Management 157



The rigid direct laryngoscope (RDL), with several
blades, is the central piece of intubation equipment. The
RDL handle should be clean and all electrical connections
must be free of any corrosion or debris. The batteries should
be fully charged, and one should verify that a bright beam
of light is generated when the RDL blade is attached and
extended into the working position. The authors recommend
that at least two sizes of Miller (#2 and #3) and two sizes of
Macintosh blades (#3 and #4) be provided in the kit, as each
one has advantages in certain types of airway problems. All
of the items listed in Table 1 are essential and constitute the
minimum airway equipment that should be contained in
the “code bag” (a.k.a. portable storage unit).

Suction Equipment
Trauma patients, like others in respiratory failure, can have
thick, tenacious, or bloody secretions and may have regurgi-
tated. In order to minimize the risk of aspiration and to better
visualize equipment the laryngeal anatomy, suctioning of the
airway is frequently required during a trauma intubation.

The suction apparatus should provide a continuous
vacuum of sufficient force to rapidly clear the thick
oropharyngeal secretions or vomitus. During initial airway
management, a large tonsil type suction tip (e.g., Yankauerw)
should also be used to aspirate debris out of the oropharynx.
After tracheal intubation, long soft endotracheal suction
catheters should be available to clear tracheo-bronchial
secretions as well as any aspirated material from the

airways. Alternatively, an FOB can be used, postintubation,
to remove plugs and secretions from specific lung segments
under direct vision. The FOB can also be used to diagnose
existing airway pathology and confirm ETT position.
Small, portable, battery-powered FOB devices are now avail-
able, and should be contained in the Trauma Code bag.

Functioning Intravenous Catheter
A functioning IV catheter is another mandatory component
of preintubation preparation, especially when airway
control is urgent–emergent but the patient has not yet
arrested. The ability to administer fluids, cardiovascular
support drugs and other medications is obviously essential.
Thus, after applying O2 by mask, assessing the airway and
ensuring ventilation, an IV should be established (i.e., “C”
in the ABCDEs of the primary survey) prior to attempting
any airway manipulation to support the circulation, when-
ever time allows. If confronted with a patient in full arrest,
the trachea should be intubated first and IV access secured
immediately after initiating CPR, performing cardioversion,
or implementing a resuscitative thoracotomy (Volume 1,
Chapter 13).

It is noteworthy to recognize that all Advanced
Cardiac Life Supportw (ACLSw) protocol drugs can be admi-
nistered via the ETT except for high concentration ionic
compounds (e.g., calcium, bicarbonate, magnesium, etc.).
Two large bore peripheral IVs are preferred. If access
cannot be immediately obtained, a central venous catheter
should be placed [preferably a large bore, i.e., 9 Fr, introdu-
cer (see Volume 1, Chapter 10).

Monitoring and Endotracheal Tube Confirmation Devices
Pulse oximetry, blood pressure (BP), and continuous electro-
cardiogram (ECG) constitute the appropriate minimal
noninvasive monitoring that should be applied prior to
attempting tracheal intubation. Naturally, a complete set of
vital signs, including respiratory rate and temperature, are
also obtained when time allows. Vital sign stability and

Figure 1 Functional residual capacity (FRC) and relationship of

oxygen reserve. This figure illustrates the factors that determine

the time from apnea until desaturation including the FRC, the

concentration of oxygen in this reservoir (FIO2), and the oxygen

consumption (V̇O2) of the patient. The spirometric trace on the

left side of the figure depicts the relative volumes of the FRC,

tidal volume, residual volume, and vital capacity. The reservoir of

oxygen in the lungs at end-exhalation (FRC) in a normal 70 kg

patient is approximately 2.5 L, and the resting V̇O2 is approxi-

mately 250 cc/min. If the patient is breathing 100% oxygen

then there is theoretically 10 minutes prior to desaturation.

Whereas, if the patient is breathing room air (21% oxygen)

there is only two minutes prior to desaturation. Furthermore,

intensive care unit patients are typically sicker with lower FRCs,

increased V̇O2, and increased shunting, all of which can cause

more rapid desaturation following apnea. Abbreviations: FRC,

functional residual capacity; RV, residual volume; VC, vital

capacity; VT, tidal volume. Source: From Ref. 7.

Figure 2 SaO2 versus time of apnea for various types of patients.

Time to hemoglobin desaturation with initial FiO2 ¼ 0.87. The

physiologic characteristics of these patients can be obtained from

the author upon request. The SaO2 versus time curves were

produced by the computer apnea model. The mean times to

recovery from 1 mg/kg intravenous succinylcholine are shown

in the lower right hand corner. Source: From Ref. 4.
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adequate arterial oxygen saturation (SaO2) are the goals
prior to, during, and after intubation of the trachea. Immedi-
ately following a putative endotracheal intubation, the
partial pressure of CO2 at the end of the exhaled breath
(PETCO2) should be monitored. A number of devices and
techniques for measuring PETCO2 are available, and can be
used to confirm ETT position and subsequently to assess
ongoing ventilation adequacy. In situations with low or no
cardiac output, an esophageal detector device (EDD) is
used to confirm endotracheal tube position. Both of these
items should be contained in the portable storage unit
(Table 1); their functions (as well as advantages and disad-
vantages) will be further discussed in detail subsequently.

Vasopressors and Inotropes
Vasopressors must be available for immediate use because
hypotension is a frequent accompaniment of trauma and
critical illness. In addition, the administration of anesthetic
drugs and the use of PPV can exacerbate or initiate hypo-
tension in hypovolemic patients. Furthermore, premorbid
conditions in previously ill or elderly patients will further
increase the likelihood of hypotension following intubation
(discussed further subsequently).

Portable Storage Unit for Trauma Resuscitation
Underscoring the importance of adequate preparation, the
authors endorse the 2003 ASA DA Guidelines recommend-
ing the use of a portable storage unit (a.k.a. “Code Bag”)
containing the above prescribed airway and resuscitation
equipment (Table 1) (3). Commercially available toolboxes
or soft duffel bags can be used for this purpose, in addition
to the aforementioned items, as well as the adjunct

equipment needed for assistance in managing the “difficult
trauma airway.” Each portable storage unit should be custo-
mized to meet the specific needs and preferences of the prac-
titioner as well as the health care facility, and it should be
stored in the TRS (or brought there by the airway expert) (3).

DEFINITION OF THE DIFFICULTAIRWAY

Airway difficulty can occur during BVM ventilation or
during endotracheal intubation. Both are not synonymous;
indeed, some patients who feel difficult to ventilate using a
BVM device (e.g., edentulous, large jaw) may feel quite
easy to intubate. The difficulty of maintaining gas exchange
using BVM ventilation can range from zero degree of
difficulty to infinite (Fig. 3).

Difficulty of intubation using direct laryngoscopy also
proceeds along a similar continuum from easy to nearly
impossible (Fig. 3). Difficult intubation has been defined as
requiring multiple attempts with multiple maneuvers
including external laryngeal manipulation, multiple laryn-
goscope blades, and/or multiple endoscopists (5). Most
recently, the ASA DA Guidelines has defined difficult laryngo-
scopy as the impossibility of visualizing any portion of the
vocal cords after multiple attempts using a conventional
RDL (3).

Probably the best definition of difficult intubation
for documentation (from one anesthesiologist to another)
and for research purposes involves the grading of the laryn-

goscopic views as defined by Cormack and Lehane (6).
In the Cormak and Lahane’s classification (Fig. 4), Grade I
denotes visualization of the entire laryngeal aperture;
Grade IV is visualization of only soft palate; Grades II and III

Figure 3 Degree of airway difficulty continuum for mask ventilation and direct vision laryngoscopy at intubation. This illustration

serves to provide a conceptual framework for the definition of airway difficulty with mask ventilation (top) and direct vision laryngoscopy

(bottom). The degree of difficulty ranges from 08 of difficulty to the impossible or infinitely difficult airway. The amount of difficulty

can vary in the same patient with different anesthesiologists using various techniques. The grade of laryngoscopic view refers to grades

defined by Cormack and Lehane (Fig. 4). Source: From Ref. 3.
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are intermediate views (7). Grade III or IV laryngoscopic
views correlate well with difficult intubations in the vast
majority of patients (8,9). However, there are some clinically
relevant situations that provide exceptions to this rule. First,
the skill and experience of the endoscopist in manipulating
the RDL, the ETT, and the patient’s anatomy must be taken
into account. Secondly, a Grade III laryngoscopic view has
been described differently by different investigators (8,10).
Thirdly, the blade attached to the RDL will affect the laryn-
geal view and therefore the assigned grade. Fourthly, the
blade selection can solve (or exacerbate) certain problems.
For example, a long floppy epiglottis may yield a high-
grade view (III, IV) with a Macintosh blade and a relatively
low-grade view (I, II) if a straight blade were used. Finally,
traumatic conditions such as cervical spine (C-spine) injury
(i.e., inability to move the neck into a “sniffing position”), lar-
yngeal fractures, or expanding hematomas may disassociate
the laryngoscopic view from the difficulty of tracheal intuba-
tion. Despite these considerations, the laryngoscopic grading
of Cormack and Lahane is used by most authors to define
intubation difficulty and should be documented for each
patient intubated (6).

Historical Indicators of Airway Difficulty
The intent of obtaining an airway history is to elicit pre-

viously known factors indicating that airway management
has been (and likely will be) difficult. Any patient who
is awake and capable of coherent conversation should be
asked about prior intubation and ventilation successes
or failures. Some patients possess a Medic Alert bracelet indi-
cating a history of difficult intubation or ventilation and this
can be useful in obtunded patients. Frequently, trauma
patients requiring emergent airway management are disor-
iented and unable to contribute historical data. Regardless
of the patient’s mental state, if time permits, the physician
should review the patient’s chart for details of previous intu-
bations (easy or difficult), and other concurrent problems that
may complicate intubation (e.g., likely C-spine injury). If an
obese patient requires nasal continuous positive airway
pressure (CPAP) at night to sleep, this may indicate that
mask ventilation and/or intubation will be more difficult
than in a thin patient without such history.

Pathologic/Anatomic Predictors of Airway Difficulty
In the trauma setting, numerous lesions (hematoma, foreign
body, and facial fractures/edema) can pose difficulty for SV
as well as BVM ventilation and intubation (Table 3). Sus-
pected C-spine injuries pose intubation difficulty because
of inability to extend the head on the neck or flex the neck

on the chest (discussed in detail subsequently). Other
trauma conditions that make intubation difficult include
burns and other inflammatory conditions where massive
edema can impair laryngoscopic view. Similarly, stab
wounds or blunt trauma to the soft tissue in the neck can
cause expanding hematomas or airway disruption to occur.
These and other trauma DA scenarios are discussed in
detail subsequently.

Anatomic predictors of difficult mask ventilation and
subsequent intubation may be evident before formal examin-
ation (Table 3). Morbid obesity poses difficulty with mask
ventilation because of inadequate mask fit and difficulty in
holding the mask to the massive face using only one hand.
In addition, ventilatory efforts are more difficult because of
the decreased compliance of the chest wall. Obese patients
are further problematic because of the decreased FRC and
propensity for rapid desaturation. Furthermore, soft tissues
in the obese patient can intrude on the airway above (and
occasionally below) the glottis, further impeding ventilation.
Another common mask ventilation problem is the case of
sunken cheeks and edentulousness where the mask fit and
subsequent ventilation can be very difficult; interestingly,
intubation of edentulous patients is typically easy.

Whenever intubation or ventilation difficulty is
expected, the airway practitioner should ask for experienced
help prior to the initiation of treatment. In addition, whenever
the patient is recognized to have a DA, the clinician should
consider securing the airway awake. In trauma patients who
are uncooperative or hemodynamically unstable, an awake
technique may not be possible (alternate options are discussed

Figure 4 Four grades of laryngoscopic view. The grading of

laryngoscopic view is based upon the anatomic features that are

visualized during the performance of direct laryngoscopy. Source:

From Ref. 6.

Table 3 Anatomic/Pathologic Predictors of Difficult

Intubation/Ventilation

Anatomy

Difficult

ventilation

Difficult

intubation

Neck Bull neck

Obesity

Bull neck

Obesity

Decreased head

extension or

neck flexion

Tongue Large tongue Large tongue

Mandible Thick beard Receding mandible

Decreased jaw

movement

Teeth Edentulousness Buck teeth

Pathology

Maxillofacial Facial fractures

and lacerations

Facial plethora

Facial fractures

Facial plethora

Oropharyngeal Edema

Hematoma

Inflammation

Foreign body

Tumor

Edema

Hematoma

Inflammation

Glottis Edema

Vocal cord paralysis

Edema

Vocal cord paralysis

Neck Penetrating injury

Subcutaneous

emphysema

C-spine injury

Cervical mass/
hematoma

Subcutaneous

emphysema
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in detail subsequently) (11). But first, the specific endpoints of
airway examination are reviewed.

AIRWAY EXAMINATION PRINCIPLES
The 11-Step Airway Exam of Benumof

Although trauma and other emergency conditions do not
always allow the time, an airway physical examination
should be conducted prior to the initiation of anesthetic

care and airway management in all patients whenever
feasible. The intent of the airway examination is to
detect anatomical or pathological physical characteristics
that might indicate that airway management will be difficult.
Currently, the ASA DA Guidelines have endorsed an easily
performed 11-step airway physical examination, as orig-
inally proposed by Benumof (Table 4) (12). The decision to
examine all or some of the components listed in Table 4
depends upon the clinical context and judgment of the
practitioner. The order of presentation in the table follows
the “line of sight” that occurs during conventional oral
laryngoscopy and intubation. Of note, several of the
examination components listed in Table 4 require an awake,
cooperative patient (which is not always the case with
trauma). For example, the Mallampati classification (Fig. 5),
relating the size of the tongue to the pharyngeal space,
requires the patient to open the mouth maximally and pro-
trude the tongue as far as possible (13). In addition, the Mal-
lampati classification is classically described in a patient
sitting upright; whereas, trauma patients generally present
to the TRS supine lying on a spine board. Furthermore,
blunt trauma patients should not be asked to move their
neck until the C-spine is cleared (Volume 1, Chapter 15) and
should not be asked to sit up until the entire (C-T-L) spine
is cleared. Because certain elements of this 11-step exam
cannot be practically evaluated in the trauma patient, an
abbreviated trauma airway examination is recommended.

Abbreviated Trauma Airway Exam
In the noncooperative and unstable patient, most elements of
even an abbreviated exam are impractical. In addition, RDL
would be likely performed regardless of examination results;
either an RSI or a modification (as described subsequently)

would be used. If intubation difficulty were encountered,
the emergency airway adjuncts recommended in the
ASA DA should be used (discussed later in detail).
However, in awake, cooperative trauma patients requiring
semi-urgent or emergent intubation, steps 1 to 10 can and
should be evaluated (Table 4). Step 11, examination of the
head extension and neck flexion should not initially be eval-
uated when C-spine injury is known or suspected. Even in
the noncooperative, semi-urgent situation, the airway
expert can check the length of the upper incisors, the man-
dibular space compliance, thyromental distance, neck
length, and neck thickness to assess the relative difficulty
of intubation, as the aforementioned components do not
require patient cooperation.

CONVENTIONALTRAUMA AIRWAYMANAGEMENT
Patient Preparation and Positioning
Regardless of whether an awake topicalized technique or
an RSI technique is chosen, optimum patient positioning
and preparation will improve intubation success. If an
awake fiberoptic intubation is planned in a patient
capable of flexing the lower back [i.e., absence of unstable
thoraco-lumbar (T-L) spine injury], the head of the

Figure 5 Mallampati classification. Classification of the upper

airway relating the size of the tongue to the pharyngeal space based

upon the anatomic features seen with the mouth open and the

tongue extended. Source: Modified from Ref. 13.

Table 4 Eleven Step Airway Examination of Benumof a

Step Airway examination component Nonreassuring findings Can evaluate in trauma patient

1 Length of upper incisors Relatively long Yesb

2 Maxillary–mandibular incisor

relationship

Prominent “overbite” Yes

3 Ability to prognath jaw Unable Yes

4 Interincisor distance ,3 cm Yes

5 Visibility of uvula Mallampati class III/IV Yes

6 Shape of palate Highly arched or narrow Yes

7 Mandibular space compliance Stiff, indurated, noncompliant Yesb

8 Thyromental distance ,3 “normal finger” breadths Yesb

9 Length of neck Short Yesb

10 Thickness of neck Thick Yesb

11 ROM of head and neck Incomplete ROM. Assume incomplete

ROM in C-spine injured patients

No (unless cleared) cannot examine

ROM in unstable C-spine patients!

aSteps 1 to 10 can be evaluated in stable, cooperative trauma patients (even with known or suspected C-spine injury).
bCan be done, even in patient who is unstable, uncooperative (Steps 1, 7–10), and should be examined when possible.

Abbreviation: ROM, range of motion.
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patient’s bed should be elevated at least 458 to optimize
intubating conditions (with C-spine injury, maintain
cervical immobilization). However, in conditions where
T-L spine injury is likely, the patient must remain supine
with the entire spine maintained in line. The patient
should also be psychologically prepared and the clinician
must be patient in ensuring that the nasopharynx, orophar-
ynx, and larynx are properly anesthetized with topical local
anesthesia (e.g., lidocaine or cocaine) prior to commencing
airway instrumentation.

For patients without concern for C-spine injury, who
will undergo an RSI (standard or modified), the “sniffing
position” (Fig. 6) is the optimum orientation for RDL-
assisted orotracheal intubation. The sniffing position
involves forward flexion of the neck on the chest and
atlanto-occipital extension of the head at the neck. This
aligns the oropharyngeal, laryngeal, and tracheal axes.
The easiest way to accomplish this is to place at least two
folded towels under the head of the supine patient.

The “sniffing position” is contraindicated when-
ever C-spine injury is suspected. In these patients, the
head and neck are maintained in-line and immobilized

throughout airway manipulation. The details of in-line
immobilization (Fig. 7) and the standard RSI for trauma
are provided subsequently.

Figure 6 Head position and the axis of the upper airway. This diagram demonstrates the various head and neck positions in the supine

patient and the corresponding oral axis (OA), pharyngeal axis (PA), and laryngeal axis (LA) in four different head positions. Each head

position is accompanied by an inset that magnifies the upper airway and superimposes the continuity of these three axes within the upper

airway. The upper left panel (A) shows the head in the neutral position with marked nonalignment of the various axes. In the upper right panel

(B) the head is resting on a pillow, which causes forward flexion of the neck on the chest and serves to align the PA and the LA. However, the

OA remains nonaligned. The lower right panel (D) shows extension of the head on the neck without concomitant elevation of the head on the

pad resulting in nonalignment of the oral pharyngeal with the laryngeal and pharyngeal axes. The lower left panel (C) shows the head resting

on a pad, which flexes the neck forward on the chest along with extension of the head on the neck, which brings all three axes into alignment

(sniff position). This position allows for a direct view from the oral pharynx to the larynx, providing the tongue and soft tissues are elevated

out of the way with a rigid direct laryngoscope. Source: From Ref. 68, p.123.

Figure 7 In-line cervical immobilization. The emergency intu-

bation of the trauma patient with suspected C-spine fracture entails

keeping the patient supine on a rigid spine board, applying cricoid

pressure, and maintaining cervical in-line immobilization. In-line

immobilization requires the assistant to immobilize the neck by

holding a hand over each ear while keeping the shoulders and

occiput firmly placed on the board, with a gaze directed straight up.

Source: From Ref. 69.
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Mask Ventilation
Types of Masks Used for Ventilation
Facemasks come in a variety of configurations but most
airway experts prefer anatomically shaped masks as these
best fit the patient’s face as well as the clinician’s hand.
Adult masks come in small, medium, and large sizes (3, 4,
5). Most adults can be ventilated with a size 3 or 4 mask but
occasionally a patient will have a large jaw requiring a size 5
mask. Children’s masks come in newborn, infant, and chil-
dren’s sizes and should be provided in the pediatric code bag.

Mask Ventilation Techniques
The facemask must be applied firmly to the patient’s face
ensuring an adequate seal. Simultaneously, care is taken
not to injure the bridge of the nose with excessive pressure.
A single hand technique is acceptable if the airway is easy to
ventilate (Fig. 8). However, if ventilation is difficult or
impossible with only one hand, two hands should be used
to hold the mask in place while a second person depresses
the bag in an effort to ventilate the lungs (Fig. 9). Frequently,
the application of a chin lift or “jaw thrust” (backward and
upward pull of the jaw in supine patient) will open an
airway and facilitate ventilation. The “jaw thrust” maneuver,
rather than the chin lift, should be used in patients suspected
of C-spine injury.

Oropharyngeal and Nasopharyngeal Airways
When the tongue and other soft tissues are maintained in the
normal forward position as in the awake patient, the pos-
terior pharyngeal wall remains unobstructed and the
airway is generally open (Fig. 10A). This is particularly the
case when the patient is sitting upright. The most common
cause of airway obstruction occurs when the tongue and epi-
glottis fall back in supine, unconscious patients (Fig. 10B).
This can be alleviated by the “jaw thrust” maneuver. Regard-
less of whether “jaw thrust” is successful, an oral or nasal
airway (if not contraindicated) can be employed as an
adjunct to BVM ventilation to open up a closed airway.
Nasopharyngeal airways are relatively contraindicated in
cases of coagulopathy or suspected cribriform plate injury
(basilar skull fracture and massive facial injury) due to the
increased risk of bleeding and the chance of ETT passage
into the cranial vault, respectively.

Both oral and nasal airways restore airway patency
by separating the tongue from the posterior pharyngeal
wall (Fig. 10C and D). A rigid oral airway can elicit a gag
response from an awake patient and this can be followed
by emesis. Soft nasal airways provoke less gag response
than rigid oral airways. Soft nasal airways are frequently
inserted in patients suffering from ventilatory failure who
are awake and prone to gagging on the rigid oral airway.

Laryngeal Mask Airway
The LMA was originally used for elective anesthesia cases,
and introduced as a rescue tool in the CNI–CNV situation.
The most recent revision of the ASA DA algorithm (dis-
cussed further below) now places the LMA within the
anesthetized limb of the pathway to be used whenever
BVM ventilation is difficult. Ventilatory obstruction above
the level of the cords (supraglottic) can be alleviated by
the LMA because of its supraglottic placement (Fig. 11).
However, the LMA is not an effective ventilatory device in
cases of periglottic or subglottic pathology (e.g., laryngospasm,
subglottic obstruction) (14).

Figure 9 Two-hand mask ventilation technique. With the two-

handed technique the thumbs are hooked over the collar of the

mask while the lower fingers maintain jaw thrust and the upper

fingers are pulling the mandible into the mask while extending the

head (arrows indicate direction of force). Source: Modified from

Ref. 70, p. 109.

Figure 8 Mask ventilation one-hand technique. This figure shows the one-handed technique in holding a mask properly on a patient’s

face. The left figure (A) demonstrates the standard one-handed grip of the mask on the face. The thumb encircles the upper part of the

patient’s mask while the second and third fingers are applied to the lower portion of the mask with the fourth and fifth fingers pulling the

soft tissue under the mandible up toward the mask. The right panel (B) demonstrates the one-handed mask grip while maintaining jaw thrust.

The hand positions are altered such that only the thumb and the second finger encircle the mask while the third, fourth, and fifth fingers

maintain upward and backward pull of the mandible “jaw thrust.” Typically an oral airway would have been placed in the patient’s

oropharynx prior to manipulating the mandible with the “jaw thrust” maneuver. Source: Modified from Ref. 70, p. 107.
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The LMA is inserted blindly into the oropharynx
forming a low-pressure seal around the laryngeal inlet
thereby permitting gentle PPV with a leak pressure in the
range of 15 to 20 cm H2O. Therefore, LMA is relatively
contraindicated in the presence of a known supraglottic
hematoma or other expanding lesion (e.g., abscess) that
might rupture. However, it can be very useful in other supra-
glottic obstructive conditions such as those due to swelling,
edema, or redundant tissues. Placement of an LMA requires
a completely anesthetized airway or an anesthetized patient
(15). The LMA has been shown to rapidly restore efficient
ventilation in numerous CNI–CNV situations (15–17).

More recently, the LMA has been utilized as an airway
intubation “conduit” for various difficult intubation
scenarios (particularly for FOB-assisted intubation) (14).
Although the LMA usually seats around the larynx, it
occupies a perfect central position only 45% to 60% of the
time. The authors caution against attempting to blindly
pass an ETT through a functioning LMA due to the high
blind passage failure rate (18–20), and the risk of doing
harm to a tenuous airway. This is particularly important

in the setting of stridor, known or anticipated partial airway
obstruction, and other conditions where blind passage risks
converting a partial airway obstruction into a complete one
(e.g., partial airway tear). These admonitions against blind
manipulation in the setting of airway trauma also applies
to the FastrachTM LMA, despite the fact that this device is
marketed for, and has been found to be useful in other emer-
gency conditions where the risk of airway injury is low (21).
Fiberoptic intubation is superior to blind manipulation, as it
can be performed under direct vision with almost 100%
success through several types of LMA, that are commercially
available include the ClassicTM, FastrachTM, ILATM, among
others (14).

Rigid Direct Laryngoscopy
Prior to performing laryngoscopy, the blade and handle should
be tested to ensure proper functioning. The RDL is held in the
left hand, so that the right hand is free to place the styletted
ETT through the cords and into the trachea. The mouth is
opened by simultaneously extending the head on the neck

Figure 10 Normal airway, soft tissue obstruction, and use of laryngeal and nasopharyngeal airways. This series of four panels

describes in sequence the normal (unobstructed) airway (A), the obstructed airway (B), and use of the oral (C), and nasal (D) airways. The

normal airway (A) maintains the tongue and other soft tissues in the forward position allowing unobstructed passage of air. The next

panel (B) demonstrates the typical obstructed airway of an unconscious supine patient. The tongue and epiglottis fall back to the

posterior pharyngeal wall and occlude the airway. In panel (C) the use of the oral pharyngeal airway is demonstrated. The oral pharyngeal

airway follows the curvature of the tongue and pulls it and the epiglottis away from the posterior pharyngeal wall providing a channel

for air passage. In the last panel (D), the use of the nasal pharyngeal airway is demonstrated. This airway passes through the nose and

ends at a point just above the epiglottis clearing the air passage. Source: Modified from Ref. 71.
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with the right hand (except in suspected C-spine injury where
in-line immobilization is maintained) and using the small
finger of the left hand (while holding the laryngoscope) to
push the anterior part of the mandible in a caudal direction
and opening the mouth (Fig. 12). As the blade enters the oral
cavity, gentle pressure is applied on the tongue sweeping it left-

ward and anterior (Fig. 13), thereby exposing the glottic aper-
ture.

Two basic blade types are commonly used for laryngo-
scopy; a curved blade (Macintosh) and straight blade (Miller
and Wisconsin). The curved Macintosh blade (Fig. 14) tip is
placed in the vallecula after sliding the tongue leftward and
anterior, while the laryngoscope handle is lifted in a forward
and upward direction (stretching the hyoepiglottic liga-
ment). This causes the epiglottis to move upward out of
view, unveiling a view of the arytenoid cartilages and
eventually the vocal cords. In contrast, the straight Miller
blade (Fig. 15) is inserted under the epiglottis and then the
epiglottis is elevated to expose the glottic aperture.

Six common errors can occur during laryngoscopy
using a standard (Macintosh or Miller/Wisconsin type)
RDL. First, the blade can be inserted too far into the
pharynx elevating the entire larynx, which exposes the
esophagus instead of the glottis. Secondly, for optimal
laryngoscopy, the tongue must be completely swept to the
left side of the mouth with the flange on the RDL blade.
This is slightly more difficult to accomplish with the Miller
blade because the flange is less prominent. Thirdly, novice
laryngoscopists frequently rock the RDL in the patient’s
mouth using the upper incisor as a fulcrum in a self-defeat-
ing attempt to visualize the glottis. This can chip the
patient’s upper incisors and moves the glottic aperture
further anterior out of view. The correct approach is to lift
the handle anterior and forward at an approximately 458
angle (Fig. 14). Fourthly, proper sniffing position is not
always achieved or indicated. Fifth, in obese barrel-chested
patients and large-breasted women, it can be difficult to
insert the blade in the mouth. Use of a short-handled RDL
or removal of the blade from the scope handle and re-attach-
ing once the blade is positioned in the mouth helps with this
predicament. Finally, improper blade selection may hinder
laryngoscopy and intubation. If the patient has a long
floppy epiglottis, a Miller blade may be best; a large wide
tongue may be best managed using a Macintosh blade.

In-Line Cervical Immobilization
Due to the significant incidence of C-spine injury in severe
trauma, all blunt trauma patients should be suspected of
having an unstable C-spine injury until proven otherwise.
Rigid cervical collars, sand bags, rigid backboards, and
other devices used to immobilize the C-spine can complicate
airway management, especially when there is an abrupt and
unexpected need for a definitive airway.

In-line immobilization of the C-spine is easy and effec-
tive if applied appropriately (Fig. 7). After induction and
prior to laryngoscopy, the rigid cervical collar is removed
to facilitate intubation. The patient’s neck should be pre-
vented from flexing, extending, or rotating during intuba-
tion; this is accomplished by in-line immobilization.
Occasionally, immobilization of the neck may be over-
ridden by the requirement of providing an adequate
airway in hypoxemic patients (i.e., in the CNI–CNV
patient not responding to emergency airway techniques),
especially when unable to obtain a surgical airway.
However, even under these extreme circumstances, the
cervical movement should be limited to the minimum
required to achieve airway patency.

Rapid Sequence Intubation (RSI) Principles
Trauma patients and others who require emergency intuba-
tion are at increased risk of regurgitation and aspiration,

Figure 11 The normal anatomic position of the laryngeal mask

airway (LMA). The proximal portion of the laryngeal mask rests

upon the epiglottis, while the distal end extends into the pharynx at

the upper end of the esophagus. The opening on the laryngeal mask

overlies the laryngeal inlet. This figure demonstrates a prototypical

LMA and is not meant to represent any particular commercially

available device. Source: Modified from Ref. 72.

Figure 12 Opening the mouth for laryngoscopy: use of the

little finger. The mouth can be opened wide by concomitantly

extending the head on the neck with the right hand, while the small

finger and the medial border of the left hand push the anterior

aspect of the mandible in a caudal direction. The laryngoscope

is held in the left hand while opening the mouth with this tech-

nique. As the blade approaches the mouth, it should be directed

to the right side of the tongue. Gloves should be worn during

laryngoscopy and the hands should be kept out of the oral cavity

in order to limit contact with the patient’s secretions. Source:

From Ref. 68, p. 124.
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partly because they have not fasted prior to induction.
RSI techniques were developed to minimize the likeli-

hood of regurgitation and aspiration. Classically, RSI
includes preoxygenation with 100% O2 for five minutes (as
discussed above), followed by the application of cricoid
pressure, and in rapid sequence order an induction drug
and a rapid acting neuromuscular blockade (NMB)
drug (e.g., succinylcholine 1 to 2 mg/kg or Rocuronium,
1.2 mg/kg), administered without testing ventilation
beforehand (Table 5). As soon as airway reflexes are lost,
the RDL is used to visualize the glottis and facilitate place-
ment of a styletted ETT. Cricoid pressure is maintained

until PETCO2 is detected from the putative ETT, equal
bilateral breath sounds are auscultated and the intubating
anesthesiologist declares that it may be released.

Cricoid pressure (Sellick maneuver) denotes down-
ward (posterior) pressure on the neck overlying the
cricoid cartilage. This cricoid pressure compresses the
esophagus and is intended to decrease the likelihood of
gastric contents leaking into the pharynx. Occasionally,
cricoid pressure can impair the laryngoscopic view. “Laryn-
geal manipulation” is not analogous to cricoid pressure; it
is the movement of the thyroid cartilage posterior to
bring the laryngeal aperture into view. Use of a rigid

Figure 13 Inserting the laryngoscope blade into the right side of the mouth. This figure demonstrates the proper head and neck

positioning for insertion of a curved (Macintosh) laryngoscope blade. The inset shows the blade entering the right side of the oral

cavity so that the tongue will be moved towards the left side of the mouth with the large flange on the Macintosh blade, thereby creating

a view of the larynx. Source: From Ref. 68, p. 125.

Figure 14 Correct position of the Macintosh laryngoscope blade in the vallecula. This figure demonstrates the correct position of

the curved (Macintosh) laryngoscope blade in the vallecula and the angle of pressure that should be applied (458 from the patients

axial line). The inset demonstrates the laryngeal view obtained when the Macintosh blade is used. 1 ¼ epiglottis, 2 ¼ vocal cords,

3 ¼ cuneiform part of arytenoid cartilage, and 4 ¼ corniculate part of arytenoid cartilage. Source: From Ref. 68, p. 127.
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stylet also increases the likelihood of intubation success in
difficult-to-intubate patients (22,23). During intubation
attempts, the patient should be carefully monitored by
pulse-oximetry, heart rate, BP, and ECG. Intubation
attempts should be interrupted by reoxygenation using
BVM ventilation if the procedure takes more than
30 seconds or when desaturation (SpO2 ,90%) occurs. If
intubation attempts fail and adequate oxygenation cannot
be achieved with BVM ventilation, an LMA should be
considered as per the ASA DA algorithm (14).

Modified Rapid Sequence Intubation Techniques
The RSI technique can be modified in at least two major

ways: (i) institution of BVM ventilation prior to placement
of the ETT and (ii) allowing SV to be maintained during
placement of the ETT.

The application of BVM ventilation during RSI is indi-
cated in instances where apnea is likely to result in rapid
desaturation despite properly performed preoxygenation.
Trauma and critically ill patients often suffer from conditions
causing increased right-to-left transpulmonary shunting
(e.g., pulmonary contusion, pneumonia, etc.) and thus
require additional O2 and ventilation after induction and
prior to full effect of NMB drugs. This modification to the
RSI technique involves gentle BVM ventilation with 100%
O2 while maintaining cricoid pressure (to prevent gastric
insufflation and decrease the risk of regurgitation and/or
aspiration).

The RSI technique can also be modified by maintain-
ing SV. This modification is employed in situations where
apnea may lead to inability to ventilate (e.g., patients with
partial airway obstruction manifested by audible stridor)
and when PPV might extend a partial airway disruption
into a complete separation (e.g., tracheal or main stem
bronchus tears). The maintenance of SV is also indicated in
a patient who cannot tolerate the hemodynamic conse-
quence of PPV (e.g., severe cardiac tamponade). An unco-
operative patient with an obvious DA represents another
patient condition where the maintenance of SV may be indi-
cated. In this setting, a small dose of sedation should be
administered to gain control of the situation and SV is
preserved while employing cricoid pressure.

In situations where SV is maintained and the patient is
sedated as needed, the trachea is often intubated using an
FOB through an intubating mask (described in detail sub-
sequently) (24). The proper amount of drug required to
sedate the patient enough to manipulate the airway, but
not so much as to result in apnea, varies, based upon the
size of the patient, the amount of blood loss, and the levels
of other drugs already administered.

THE DIFFICULT TRAUMA AIRWAY
Awake Techniques (Cooperative/Stable Patients)

An “awake” intubation technique is recommended
for trauma patients with known or anticipated DAs
provided they are cooperative, stable, and spontaneously
ventilating. To optimize the conditions for successful
intubation, cooperation is enhanced with proper mental
and physical preparation. Although the ASA DA Guidelines
do not endorse any particular awake intubation tool or
methodology, an awake FOB-guided technique is generally
the safest and most appropriate for stable trauma scenarios.

Figure 15 Laryngoscopic technique with a straight (Miller)

blade. A straight (Miller) laryngoscope blade should pass under-

neath the laryngeal surface of the epiglottis, then the handle of the

laryngoscope blade should be elevated at 458 angle similar to that

used with a Macintosh blade. By lifting up the epiglottis the

laryngeal aperture should come clearly into view. Source: From

Ref. 68, p. 128.

Table 5 Rapid Sequence Intubation Principles: Classic vs. Modified Techniques

Elements Pre-O2

Cricoid

pressure

Induction drug followed by

NMBD

BVM ventilation deferred

until ETT confirmed

Confirm ETT

with PaCO2

Classical þ þ þ þ þ

Modified by allowing BVM

ventilation (with cricoid pressure)

prior to ETT

þ þ þ (2)

Can BVM vent as needed to

avoid hypoxemia

þ

Modified by maintaining SV until

ETT placement confirmeda

þ þ (2)

Small sedative or induction

drug doses given, so that SV

is maintaineda

(2)

Can assist some ventilation,

but goal is to maintain SV

until ETT placed

þ

aNo NMB drugs given until ETT in place, or laryngoscopist convinced ETT placement will be easy.

Abbreviations: þ, element is utilized during the technique of classical or modified rapid sequence technique; (2), not utilized; BVM, bag-valve-mask; ETT,

endotracheal tube; NMBD, neuromuscular blockade drug; SV, spontaneous ventilation.
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Even when a tracheostomy is planned, performing an awake
FOB-assisted intubation under direct vision is recommended
whenever able to achieve airway protection prior to per-
forming the formal tracheostomy.

Adjunts for Unstable, Uncooperative, or Apneic Patients
with Difficult Airways
There are three scenarios in which the need arises to intubate
the trachea of an unstable, uncooperative, or apneic patient
with pre-existing DAs. These situations include: (i) when
the airway is not recognized to be difficult; (ii) the DA
patient is already unconscious prior to presentation to the
TRS; and (iii) the DA patient is hemodynamically unstable
or unable to cooperate with an awake technique. In all of
these conditions, the generally anesthetized limb of the
ASA DA algorithm is followed. If intubation cannot be
achieved, BVM ventilation should be attempted with
enriched O2 while applying cricoid pressure. In the CNI–
CNV patient, the emergency limb of the ASA DA algorithm
is followed. Various intubation modalities can be employed
to maintain oxygenation prior to definitive ETT placement,
the LMA being first. If ventilation is not successful with
the LMA, other secondary emergency airway tools are
tried including the ETC, TTJV (if not contraindicated), and
the rigid ventilating bronchoscope. Various surgical airway
techniques (cricothyroidotomy, tracheostomy) can also be
considered.

Esophageal-Tracheal-Combitube
The ETC (Combitube) was developed by Michael Frass
specifically for emergency airway management (25). The
combitube comprises two longitudinally fused tubes made
of polyvinylchloride (PVC), each fastened to a standard
15 mm airway connector at the proximal end (Fig. 16). The
slightly longer of the two tubes is blue and is the primary
(#1) conduit for ventilation in most situations. This longer
tube has a blocked distal end with side hole openings at
the pharyngeal level. There are two inflatable balloons on
the Combitube: a proximal 100 cc latex pharyngeal balloon
and a 15 cc PVC esophageal balloon near the distal
portion. The combitube has a distal curve to match the
adult human hypopharynx.

Greater than 96% of the time, when the Combitube is
inserted blindly, esophageal placement results (Fig. 17)
(26). The ETC is inserted until the upper incisors lie
between the two proximal black rings etched onto the
external surface of the tube. At that point, the proximal
cuff is inflated with 100 cc of air via the blue pilot balloon.
Next, the distal (esophageal) cuff is inflated with 15 cc of
air via a white pilot balloon. Ventilation is then initiated
via the #1 tube (blue) and PETCO2 should be detected.
If the PETCO2 is detected, this confirms that the Combitube
is properly placed esophageally and that ventilation
has traveled through the side hole openings between the
100 cc pharyngeal balloon and the 15 cc esophageal
balloon, then passing through the laryngeal aperture and
into the trachea. In rare cases (,4%) where the ETC enters
the trachea (Fig. 18), applying positive pressure to tube #1
will not ventilate the lungs and CO2 will not be detected
from the exhalate of tube #1 (25). At this point, tube
#2 should be ventilated and assessed for CO2. The ETC
is a commonly employed rescue method for gaining
emergency airway access, especially in the CNI–CNV situ-
ation (24).

Laryngeal Mask Airway
The LMA is not only an emergency aid used to establish

ventilation in the CNI–CNV situation; it can also serve as a
conduit for intubation once ventilation has been estab-
lished. The ASA DA algorithm and guidelines do not

Figure 16 Frontal view of the ETC. This figure demonstrates the

two longitudinally fused tubes comprising the Combitube; both

cuffs are inflated with their corresponding syringes. Lumen #1 is

the longer tube located on the left and lumen #2 is on the right.

Source: Modified from Ref. 25.

Figure 17 ETC in the usual (esophageal) position. This figure

demonstrates the ventilatory pattern usually encountered when the

Combitube is blindly placed in the esophagus. Source: Modified

from Ref. 25.
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endorse any particular brand or subtype of LMA (ClassicTM,
Fastrach, ILATM). However, whenever gastric volumes are
expected to be large (e.g., following large meal, known
bowel obstruction), the ProSeal may be superior, and when-
ever the LMA will likely be used as a conduit for FOB-
assisted intubation, the Cookgasw ILA (Fig. 19) may be
better because the ventilation tubing is wider and shorter
than the other conventional LMAs, and does not have the
epiglottis elevating bar that is present with the Fastrach.

Only in trauma situations where there is absolutely
no concern of airway swelling (i.e., partial airway obstruc-
tion), direct airway injury (partial tear that could be made
complete), stridor, or abscess should the Fastrach be used
with blind ETT insertion. In all of the aforementioned
conditions, blind manipulation is contraindicated. The
Fastrach LMA is inserted blindly into the pharynx,
forming a low-seal around the laryngeal inlet just like the
Classic LMA (Fig. 11).

The special design features of the Fastrach (Fig. 20)
include a rigid, anatomically curved conduit that is wide
enough to accept an 8.0 ETT with an epiglottic elevating
bar to facilitate the blind passage of the special ETT.
Once ventilation is confirmed with the Fastrach LMA,
the ETT can be blindly passed via the LMA conduit into
the trachea. The blind intratracheal placement must be
confirmed with PETCO2, an EDD, or by FOB. The LMA
can be kept in place until airway stability is achieved.
Once successful ETT placement through the LMA is ver-
ified, the LMA can be deflated and removed using a
push device to help keep the ETT in place. If intubation
is not successful, ventilation can occur via the LMA
between attempts.

Passage of an FOB through an LMA has a much higher
chance of success (nearly 100% successful in most series) (14),
compared with blind intubation via the Fastrach. A 6.0 mm
ID-cuffed ETT (a nasal RAE tube is most suitable due to its

additional length) may be passed over the FOB and through
the shaft of the numbers three- and four-sized Classic LMA,
whereas a 7.0 mm ID-cuffed ETT will only fit through the
shaft of the number five-sized Classic LMA. Subsequently,
if a larger ETT is required, the 6.0 or 7.0 mm ID-cuffed ETT
can be exchanged for a larger ETT using an airway exchange
catheter (AEC) (as described in Volume 2, Chapter 29) (15).
The various sized ETTs that fit through all sized LMAs and
the FOBs that fit through these ETTs are displayed in
Table 6. Alternatively, and preferably when the glottic chink
is expected to be of normal size, the authors recommend
using the newer blue intubating LMA (ILA-by Cookgasw,
Mercury Medical, Clearwater, Florida, U.S.A.). A large size
of 4.5 will allow passage of an 8.0 or 8.5 ETT (Fig. 19).

Figure 21 shows the use of the bronchoscopy elbow
adapter, 6.0 mm ID-ETT and LMA for the continuous venti-
lation FOB intubation technique for both a nasal RAE and
standard 6.0 mm ID ETTs. With a 4.0 mm OD FOB/6.0 mm
ID-ETT combination, the space available for ventilation
around the FOB corresponds to a 4.5 mm ID-ETT.

The LMA, as a ventilatory device and/or intubating
conduit, can be placed into the ASA DA algorithm in three
different places. These are: (i) on the “awake intubation”

Figure 18 ETC in the tracheal position. This figure

demonstrates the ventilatory pattern achieved when the Combitube

is placed in the trachea. Tracheal positioning of the Combitube is

rare as greater than 97% of the time the Combitube will enter

the esophagus when placed blindly. Source: Modified from Ref. 25.

Figure 19 Cookgasw Intubating Laryngeal Airway (ILATM).

The Cookgasw ILATM has several benefits over other LMAs for

emergency airway use: (A) 15 mm airway connector ridges

facilitate easy removal for fiberoptic airway management, and

improved tube seal upon replacement. (B) Oval-shaped hyper-

curved airway ventilation tube resists kinking. In addition, the

relatively large internal diameter accommodates large-sized adult

ETTs: 2.5 ILATM allows 6.5 ETT, 3.5 ILATM allows 7.5 ETT, 4.5

ILATM allows 8.5 ETT. Furthermore, the relatively short length of

ventilation tube facilitates fiberoptic intubation. (C) The auxiliary

airway hole improves airflow and prevents suction effects from

drawing up epiglottis inside the airway tube. (D) The keyhole

shaped airway outlet directs both FOB and ETTs toward the

laryngeal inlet, and is anatomically engineered to align with the

glottic chink. (E) The mask ridges move against posterior larynx

improving anterior seal. (F) Recessed front improves posterior

pharyngeal fit and ILA stability. Source: Courtesy of Mercury

Medical, Clearwater, Florida, U.S.A.
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limb of the algorithm as a conduit for FOB-guided tracheal
intubation, (ii) on the “anesthetized” limb as both a life-
saving ventilatory device, and (iii) as a conduit for FOB-
assisted tracheal intubation.

Generally, the largest FOB that will fit through the
ETT is best to maximize the ability to pass the ETT through a
normal-sized adult glottis. The possibility of the ETT
hanging up at the glottis is more common with use of the
pediatric-sized FOB. However, if the patient has a small
glottic chink, then a smaller FOB and ETT is better. If a 4.0
or less millimeter OD FOB is used with either the 6.0 or

7.0 mm ID-ETT, the lungs can be continuously ventilated
around the FOB while it is contained within the ETT by
passing the FOB through the self-sealing diaphragm of a
bronchoscopy elbow adaptor. The distal and proximal ends
of the bronchoscopy elbow adaptor are connected to the
ETT and ventilatory apparatus, respectively.

Rigid Bronchoscope
A rigid bronchoscope is a straight, metal, lighted tube
capable of visualizing the large airways with ventilatory

Figure 20 Insertion of the laryngeal mask airway (LMA). (A) The tip of the cuff is pressing upward against the hard palate by the index

finger while the middle finger opens the mouth. (B) The LMA is pressed backward in a smooth movement. Notice that the nondominant hand

is used to extend the head. (C) The LMA is advanced until definite resistance is felt. (D) Before the index finger is removed, the nondominant

hand presses down on the LMA to prevent dislodgment during removal of the index finger. The cuff is subsequently inflated, and outward

movement of the tube is often observed during this inflation. Source: Courtesy of LMA North America, Inc., San Diego, California, U.S.A.

Table 6 Relevant Diameters of the Different-Sized Laryngeal Mask Airway, Endotracheal Tube, and Fiberoptic Branchoscopy that

Fit into the Endotracheal Tube

LMA MFGR Size

Patient

weight (kg)

LMA

(ID mm)

Cuff

volume (mL)

Largest ETT inside

LMA (ID mm)

Largest FOB

inside ETT (mm)

ClassicTM 1 ,6.5 5.25 2–5 3.5 2.7

ClassicTM 2 6.5–20 7.0 7–10 4.5 3.5

ClassicTM 2.5 20–30 8.4 14 5.0 4.0

ClassicTM 3 30–70 10 15–20 6.0 cuffed 5.0

ClassicTM 4 .70 10 25–30 6.0 cuffed 5.0

ClassicTM 5 .90 11.5 25–30 7.0 6.5

Cookgasw 2.5 20–50 10 20–25 6.5 6.5

Cookgasw 3.5 50–70 12 25–30 7.5 6.5

Cookgasw 4.5 .70 14 25–30 8.5 6.5

ClassicTM LMA (LMA, North America, Inc., San Diego, California, U.S.A.).

Cookgasw ILATM (Mercury Medical, Clearwater, Florida, U.S.A.).

Abbreviations: ETT, endotracheal tube; FOB, fiberoptic bronchoscopy; ID, internal diameter; LMA, laryngeal mask airway; MFGR, manufacturer.
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capacity through the associated ventilating side port
(Fig. 22). The rigid bronchoscope is effective in cases of
large airway masses and bleeding. In the ASA DA
algorithm, the application of the rigid bronchoscope is
recommended as an emergency airway tool in the CNI–
CNV situation, especially when the LMA has failed or is
contraindicated.

The Bainton pharyngolaryngoscope blade (Figs. 23
and 24) is a straight, tubular blade with a shallow vertical
portion at the proximal end and a 7 cm tube in the distal
portion (with an intraluminal light source protected from
secretions and obstruction). The Bainton Blade is useful
in many situations where a conventional rigid broncho-

scope would be indicated. One such indication is glottic
visualization and emergency intubation of patients with
pharyngeal space restrictions, such as that which occurs
after major burns or other etiologies of supralaryngeal
edema (and or hemorrhage). An ETT with an inner diameter
of 8 mm or smaller will fit. The 15 mm airway adapter must
be removed from the ETT during passage. A stylet is
“optional” (but recommended by the authors). The styletted
ETT passes easily through the tube of the blade without

significantly obstructing the view. Once the ETT is in the
trachea, the balloon is inflated, then the stylet and syringe
are removed, and the Bainton Blade is removed over
the ETT, followed by insertion of the 15 mm airway adapter
and connection to a ventilation source and CO2 detector.

Surgical Airway Options
Transtracheal Jet Ventilation
TTJV is another method of gaining emergency ventilation
in a CNI–CNV patient. It is a temporizing (life-saving)
technique that should be considered when the reason for
failure to ventilate is supralaryngeal or peri-laryngeal (e.g.,
laryngeal fracture) and the LMA and Combitube have failed.

The TTJV technique involves palpating the cricothyroid
membrane and advancing a 14 gauge angiocatheter through
the membrane in the midline aimed 308 to 458, and caudally
from the perpendicular direction (Fig. 25). The intratracheal
position of the catheter must be verified by attaching a
syringe to the catheter and attempting to aspirate air (if air
is not aspirated, the catheter may not be in the trachea and
should be removed). When free flow of air is documented,
the syringe is removed from the hub of the intravenous
catheter and replaced by the Leur adaptor of a high pressure
TTJV inflation system (Fig. 26). The TTJV inflation system
must have 25 to 50 psi of pressure in order to allow flow
down the small (14-gauge) bore catheter.

The natural airway must be maintained during exhala-
tion and occasionally this requires some jaw thrust. TTJV can
maintain oxygenation and adequate ventilation for over 40
minutes (27). Indeed, TTJV can take place while a definitive
airway is established by FOB intubation or during the surgi-
cal creation of a tracheostomy.

TTJV is an extremely effective means of providing
oxygen in the setting where the obstruction to ventilation

Figure 21 A patient can be continuously ventilated during fiber-

optic intubation using the laryngeal mask airway (LMA) as a conduit

for the fiberoptic bronchoscope (FOB). By passing a 4.0 mm OD

fiberscope through the self-sealing diaphragm of a bronchoscopy

elbow adaptor and the tip of a cuffed 6.0 mm internal diameter-

endotracheal tube (ID-ETT) to the level of the grille on the LMA,

ventilation can occur around the FOB but within the lumen of the

ETT; the deflated cuff of the ETT inside the shaft of the LMA makes

a tight enough seal to permit positive pressure ventilation. Once the

FOB is passed well into the trachea, the 6.0 mm ID-ETT is pushed

over the FOB into the trachea until the adaptor of the ETT is against

the adaptor of the LMA. Abbreviations: ETT, endotracheal tube;

FOB, fiberoptic bronchoscopy; LMA, laryngeal mask airway.

Source: From Ref. 14.

Figure 22 Rigid bronchoscope with ventilating side port,

optic guide, and several sizes shown.

Figure 23 Bainton pharyngolaryngoscope. Scale drawing

of the Bainton pharyngolaryngoscope. Source: From Ref. 73.
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is at or below the level of the glottis. In airway injuries
involving a tear between the glottis and the distal tracheo-

bronchial tree, TTJV is absolutely contraindicated because
the PPV can cause a pneumothorax, pneumomediastinum,
or even convert a partial airway tear into a complete
airway separation.

Cricothyroidotomy—Percutaneous
The same technique described for TTJV is used to place a
thin wall (14G or larger) needle into the trachea. Once the
needle is confirmed to be intratracheal, a wire is passed
through the needle into the trachea using the Seldinger
technique (Fig. 25). Maintaining the guidewire several centi-
meters into the trachea, the cricothyrotomy site is dilated.
Then, using the Seldinger technique, the cricothyrotomy

Figure 24 Schematic of intubation technique with Bainton

pharyngolaryngoscope. (A) Tubular portion fits within the phar-

yngeal space. Tip of blade elevates epiglottis to permit laryngeal

view. (B) Endotracheal tubes (ETT) without an adapter (stylet

optional) is inserted into tubular portion of blade and advanced into

larynx. ETT cuff is inflated. (C) SYRINGE and stylet are removed

from ETT and pharyngolaryngoscope is withdrawn from mouth.

Right hand of operator stabilizes ETT as blade is elevated over

proximal end of ETT and cuffed pilot tube. Source: From Ref. 73.

Figure 25 This figure demonstrates a 14-gauge angiocatheter

passing through the cricothyroid membrane at an angle approxi-

mately 308 caudal from the skin. After achieving this position the

metal stylet is withdrawn and a syringe is applied to the catheter to

confirm intratracheal position; aspiration of air is the expected

endpoint if the 14-gauge catheter is truly in the tracheal lumen.

Source: From Ref. 74.

Figure 26 This figure demonstrates the equipment used for

pressurizing the already placed transtracheal catheter. (1) Wall

oxygen pressure quick disconnect device; (2) Green Chemtron O2

hose; (3) NPT hose barb connector; (4) Bird regulator gauge (0–

50 psi); (5) NPT air hose connector; (6) high-pressure self-coiling

air hose; (7) jet injector valve; (8) NPT hose barb connecting the

injector valve to clear soft flexible tubing (9); hose barb connecting

to the clear tubing with a standard Becton/Dickinson male Luer

lock connector (10); and transtracheal ventilation intravenous

catheter with standard hub (11). Source: From Ref. 27.
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tube is advanced, confirmed to be intratracheal, and secured
in place.

Cricothyroidotomy—Open
Cricothyroidotomy is the emergency surgical airway of
choice (vs. tracheostomy) primarily due to the ease of deter-
mining anatomic landmarks (Fig. 27). The thyroid cartilage
is stabilized and an incision is made through the skin and
subcutaneous tissue overlying the cricothyroid membrane.
The membrane is then opened with a stab incision and an
ETT or cricothyrotomy tube is inserted, and placement
confirmed in the usual fashion. Of note, whenever a formal
tracheostomy can be performed, it is favored over the emer-
gency cricothyroidotomy to decrease the risk of subglottic
stenosis frequently seen with cricothyrotomy.

Tracheostomy
Tracheostomy is less desirable in emergency airway scen-
arios than cricothryoidotomy because it is slower, requires
additional steps, and has greater potential for bleeding.
Optimally, a transverse skin incision is made in midline pos-
ition (for cosmetic and healing purposes). However, in emer-
gency situations with novice surgeons, a vertical incision can
be made in the midline of the neck (to minimize bleeding
and to avoid the anterior jugular veins) overlying the
trachea (Fig. 28). Next, skin and subcutaneous tissue are
divided with a scalpel through the platysma, the strap
muscles, and potentially the thyroid isthmus. Once the first
few tracheal rings are exposed, a horizontal incision is
made between the first and second tracheal rings and the
tube is introduced into the trachea. Percutaneous placement
of a tracheostomy tube can be performed but is rec-
ommended under bronchoscopic guidance as to reduce the
chance of paratracheal insertion and to document real time
intratracheal position of the needle, wire, dilators, and the
tracheostomy tube.

Blind IntubationTechniques (Not Recommended
with Stridor)
Blind techniques are employed in the trauma patient only as
a means of last resort, when other safer techniques have
failed. Blind intubation techniques are contraindicated

in the setting of stridor, known mass expanding lesions,

or known partial airway injuries where blind manipulation
can change a partial airway obstruction into a complete
obstruction. Some techniques include the frequently
used blind nasal approach (in awake spontaneously ventilat-
ing patients), as well as techniques that are typically rele-
gated to anesthetized patients, including light wand, and
retrograde wire. The nasal approach being the most com-
monly employed blind technique will be described in
some detail. Preparation and topical anesthesia for a blind
nasal intubation is the same as will be described for FOB.

Blind Nasal Intubation
In addition to the precautions listed above, a blind nasal intu-
bation is contraindicated in the presence of maxillofacial
trauma where fracture of the cribiform bone is possible
and in the setting of nasal bleeding or coagulopathy. When
performing a blind nasal intubation, the patient should be
sitting upright at 458 (rarely appropriate in the acute trauma
setting), spontaneously ventilating and if possible, awake
and cooperative. The ETT is placed in the already dilated
and anesthetized nasal passage and the airway expert’s ear
is placed near the 15 mm connector end of the ETT.

As the ETT is passed down the nasal passage and
towards the glottic aperture, the airway sounds from the
patient will become much louder than previously noted.
At this point, the airway expert should ask the patient to
pant or take some deep breaths (these maneuvers tend to
open the glottic aperture) and the ETT should be advanced
during inspiration. Using this maneuver, the ETT is more
likely to enter the larynx because of the patient’s inhalation
efforts.

It is occasionally beneficial to use a special flexible
tipped ETT known as an Endotrol tube during blind intuba-
tion attempts. The Endotrol tube allows the intubator to flex
the ETT anteriorly while advancing the tube (Fig. 29). Clini-
cal endpoints alerting the physician that the ETT has entered
the patient’s trachea include: (i) the patient is no longer able
to speak, (ii) increased secretions are heard emanating from
the ETT with exhalation, and (iii) coughing is elicited as the
ETT passes down the larynx into the trachea. However,
following placement of the ETT, its endotracheal position

Figure 27 Surgical cricothyroidotomy. Horizontal skin incision, incision of cricothyroid membrane, dilation of the

opening, and introduction of a ventilation tube. Source: From Ref. 75.
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Figure 28 Tracheostomy. (A) Transverse incision is made usually for elective tracheostomy, but a vertical incision allows for less

bleeding when emergent procedure is done. (B) The strap muscles are separated and (C,D) thyroid isthmus retracted caudally. (E) After

the second tracheal ring is cleaned off, an inferiorly based flap is developed in the tracheal wall and sutured to the skin to allow easy

access to the trachea while tract matures. Source: From Ref. 76.

Figure 29 Flexible-tipped (Endtrolw) nasotracheal tube. The flexible-tipped nasotracheal tube can greatly aid blind nasal tracheal

intubation. By pulling the ring, the endotracheal tube flexes more anterior; this helps direct the tip around the soft palate and into the

laryngeal inlet. (See inset). Source: From Ref. 77, p. 154.
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must be confirmed just as with any other method of intuba-
tion using PETCO2, and so on.

Light Wand
The light wand is a technique for intubating the trachea using
a blind approach that is contraindicated in the presence of
stridor or obvious airway trauma. It is mainly relegated to
elective use in anesthetized patients, but can be used as an
adjunct in the CNI–CNV patient. All commercially available
light wands are similar, consisting of a lighted stylet over
which an ETT fits. The patient is anesthetized and the ETT
with lighted stylet is passed into the oropharynx. Pulling the
tongue out can frequently facilitate passing the light wand
into the trachea. Once the ETT passes through the cords and
enters the larynx, it produces a “jack-o’-lantern” effect due to
transillumination of light (Fig. 30). The transillumination is
very prominent when the room lights are dimmed, but can
be difficult to appreciate in the bright lights of the TRS or
trauma-operating room (OR). Once the light wand is in the
larynx, the ETT is advanced and the stylet is withdrawn. Con-
firming that the ETTis in proper tracheal position must then be
accomplished using PETCO2 and other standard means.

Retrograde Wire
Rarely performed due to its time requirement, the retrograde
technique was first described by Ralph Waters in 1963 where
he employed a tuohy needle to pass through the cricothyroid
membrane in a cephalad direction (28). An epidural catheter
was then threaded through the tuohy needle and the cath-
eter was retrieved from the oropharynx using a plastic
dress-makers hook. Next, both the tube and the catheter
were withdrawn from the nares. In 1967, Powell and Ozdil
(29) introduced a wire-through-the-needle technique and
in their modification, the wire was placed through the
Murphy side hole of the ETT. Placing the wire through the

Murphy side hole allowed for the ETT to pass further
through the cords than when the wire went out the tip of
the ETT. Other modifications of these techniques have been
described but the basic technique remains the same.
Indeed, the Cookgasw Critical Care division has developed
an emergency retrograde intubation kit. The authors relegate
retrograde intubation to situations where other tools
(e.g., FOB) are not working.

Regional Anesthesia in the Trauma Patient with Known
Difficult Airway
Rarely, anesthesia can be achieved without securing the
airway of a patient with a known DA. In the awake,
sober, and hemodynamically stable trauma patient with a
solitary superficial extremity injury, a regional technique
can be utilized so long as the patient understands and
agrees to a plan that an awake intubation may need to be
done if conditions change and warrant it (Table 7). In the
patient with head or torso trauma, or an altered sensorium,
a regional anesthetic is unwise because one has poor access
to the airway and a controlled awake intubation is imposs-
ible (also see Volume 1, Chapter 20).

FIBEROPTIC BRONCHOSCOPY:TECHNIQUES AND PITFALLS

As mentioned earlier, FOB-assisted intubation can be per-
formed in awake patients who are spontaneously breathing
as well as in anesthetized or apneic patients. The technique
for awake nasal FOB-assisted intubation will be completely
described (Table 8). Fiberoptic intubation of the anesthetized
patient will be described in less detail. There are many
recipes for accomplishment of the FOB-guided intubation.

Success with FOB-guided intubation requires appropriate

Figure 30 Transillumination of the larynx with light wand. This diagram demonstrates the jack-o-lantern effect caused by

transillumination of the soft tissues on the neck when the light wand enters the larynx. The left panel demonstrates the position of the

light wand upon entry into the laryngeal inlet. The middle panel demonstrates this view from the anterior orientation and the right panel

shows a side view of the light wand in position to cause transillumination of the anterior structures. Source: From Ref. 77, p. 175.
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patient selection and preparation along with appropriate tech-
nique and adequate experience because conditions can vary
in different patients, requiring the skill of the endoscopist to

achieve success.

Patient Selection
Indications for FOB intubation include: (i) situations where
alignment of the oral pharyngeal and laryngeal axes is
difficult or ill-advised (i.e., C-spine injury or neck fixed in

halo etc.); and (ii) situations where direct laryngoscopy is
expected to be difficult [i.e., hyomental distance (HMD)
,6 cm, Mallampatti Class III or IV (Fig. 5)], especially situ-
ations with small mouth opening and in temporomandibular
disease. Contraindications to FOB intubation include massive
oropharyngeal hemorrhage or life-threatening airway
obstruction (not allowing time for adequate topicalization)
or profound hemodynamic instability (obviating the time
required to obtain sufficient topicalization of the airway).

Table 7 Regional Anesthesia in Trauma Difficult Airway

Consideration Regional might be indicated Regional contraindicated

Injury location Superficial, extremity Head, chest, abdomen

Mental status Sober, cooperative, no sedation needed Altered sensorium, decreased mental status

Urgency Can stop surgery at any time Cannot stop surgery at any time

Airway access Good access to airway Poor access to airway

Tolerate awake intubation (if necessary) Agreed to awake intubation (if necessary) Failure to agree on awake intubation (if necessary)

Hemodynamic status Hemodynamically stable Hemodynamically unstable

Table 8 Causes of Failure to Intubate with Fiberoptic Bronchoscopy

Cause of failure Comments and solutions

Patient selection factors

Massive bleeding Unable to visualize airway; relative contraindication to FOB. Small amounts of bleeding

can be controlled with frequent suctioning. A vasoconstrictor added to topical agents

helps limit bleeding

Uncooperative patient Patient will not hold still and/or is very belligerent. Rare problem electively, but may occur

in trauma situations and emergency

Patient too unstable Would not allow time to properly topicalize airway

Patient preparation factors

Inadequate topical anesthesia Be patient, take time to topicalize properly. Dry mucosa (glycopyrrolate), suction secretions

from the oropharynx so that topical anesthesia can reach mucosa to work. Anesthetize the nose,

nasopharynx, oropharynx, larynx, and trachea. Nerve blocks used by some are not usually

necessary when proper topicalization is performed

Presence of secretions or small

amounts of blood

Treat with proper suctioning, use of an antisialagogue (glycopyrrolate) and a vasoconstricting agent

(neosynephrine), or use cocaine. Attach O2 to suction port of FOB, blowing secretions away

Patient desaturates during

FOB

Patient should be wearing nasal prongs or mask O2 during FOB whenever significant right

to left shunt present. Also, endoscopist can attach O2 to the suction channel of the FOB and

instruct patient to pant during intubation

Endoscopist experience factors

Inability to navigate normal

anatomy

Most common problem of novice is too little practice with airway models and mannequins

prior to attempting to intubate patients

Distorted anatomy due to

tumors or abscess

Excellent indications for use of an FOB as intubation with direct laryngoscopy may be difficult.

However, the endoscopist must be well grounded in normal anatomy

Inability to visualize cords due

to a large floppy epiglottis

Have patient say “Ahh” and or pant “like a puppy” (If patient is anesthetized, helper applies jaw

thrust or pulls the tongue out in anesthetized patients.)

Fogging of objective Use a dilute detergent (Hibaclens) to wipe the FOB lenses prior to use, warm the FOB prior to use.

Inability to advance tube into

trachea

Inadequate topical anesthesia—perform nerve block or use more topical. Large discrepancy between

ETT and FOB—use the largest FOB that will fit easily through the ETT yet still allow easy

removal with proper lubrication. Hung up at glottic opening. Pull back the ETT and rotate 908 to

1808 either right or left may allow the ETT to pass thru the cords more easily

Inability to remove the FOB Beware the FOB may exit the Murphy eye of the ETT. This can be avoided if the FOB is threaded

through the ETT prior to attempting intubation. Some endoscopists will place the lubricated ETT

through the nares into the nasopharynx blindly and then pass the FOB through the ETT. This

technique has greater risk of FOB exiting the Murphy eye. Also, be sure that the FOB is well

lubricated with silicone prior to placing through the ETT

Abbreviations: ETT, endotracheal tube; FOB, fiberoptic bronchoscopy.
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Relative contraindications for FOB intubation
include copious secretions or friable tissues that cannot be
managed with antisialagogues and careful manipulation
of the FOB. Tumors, abscesses, maxillofacial trauma, and
most causes of stridor should all be considered as good
indications for FOB-assisted intubation provided the
endoscopist can avoid blood and see the entire way into
the trachea.

Patient Preparation
Positioning for Fiberoptic Bronchoscopy
Optimally, the patient is placed into a sitting position; in
C-spine injured patients, this can be allowed as long as
there is no T-L spine injury. Nasal cannula oxygen is admi-
nistered, and pulse oximetry and other monitoring devices
are applied. The sitting position allows secretions to run
down into the esophagus and out of the bronchoscopic
view. In addition, gravity helps direct the FOB towards the
larynx as compared with the supine position, where
gravity tends to favor the posterior esophageal orifice.

Intravenous Analgesia, Sedation, and Antisialagogue
Patients should receive an antisialagogue (glycopyrrolate
0.2 mg) and sedation prior to starting the procedure.
Opioids, benzodiazepines, and neuroleptic drugs have all
been used successfully. However, low-dose opioids alone
(fentanyl 1–2 mcg/kg) are usually sufficient in patients
who are not opioid-tolerant. Midazolam can cause some
patients become hyperalgesic and uncooperative. Fentanyl
alone is typically adequate as it provides sedation as well
as analgesia, both of which are useful while topicalization
is occurring. Dexmedetomidine can also be used as it pro-
vides excellent sedation, decreases the opioid requirement,
and does not depress ventilation.

Local Anesthesia and Vasoconstriction
The following description of mucosal topicalization and
vasoconstriction can be used for any blind techniques as
well as for FOB-guided ETT placement. The patient should
receive neosynephrine or oxymetolazone nasal spray in
both nares prior to initiating topicalization. Next, the
patient should be asked to report which nares allows for
better airflow. This will identify the nares that should be
intubated and primarily topicalized. However, both nares
should be anesthetized in order to block the superior laryn-
geal nerve (SLN) on both sides and thus anesthetize the
supralaryngeal structures (as described subsequently).

The nasopharynx, oropharynx, base of the tongue, and
larynx should all be anesthetized. The nasopharynx is
anesthetized with 4% cocaine or 4% lidocaine mixed with
neosynephrine. For nasopharyngeal anesthesia, 4% cocaine
is preferred because of the intense vasoconstriction
coupled with a more rapid onset and a longer duration
than lidocaine. The toxic dose of cocaine is 3 mg/kg,
whereas the toxic dose of lidocaine is 7 mg/kg when used
with vasoconstriction.

Cocaine is applied to each nare using Krause’s forceps
(Fig. 31) or a cotton-tipped applicator (Q-tip). Topicalization
is initiated by painting the external nares and slowly
working down the nasopharynx with the cocaine impreg-
nated Q-tip. By advancing the Q-tip into the pyriform
fossa, the SLN will also become blocked. The SLN innervates
the epiglottis, aryepiglottic folds, and mucus membranes of
the laryngeal structures down to the false cords. When the
Q-tip can be inserted into the deepest recesses of the nasal

cavity without causing discomfort, pass a soft 34 Fr nasal
airway. If the patient is not comfortable with this, the topica-
lization of the nasopharynx is complete.

While the nasopharynx is being anesthetized, the oro-
pharynx and larynx should simultaneously be anesthetized
by spraying a fine mist of 4% lidocaine via a DeVilbiss nebu-
lizer. The DeVilbiss sprayer can be modified by connecting it
to a low-flow O2 source after removing the squeeze bulb,
thus providing a continuous source of aerosolized lidocaine
(Fig. 32). When utilizing the DeVilbiss sprayer in this way,

Figure 32 Continuous oxygen flow atomizer apparatus.

Oxygen tubing is connected from an oxygen tank to the bulb

attachment site of a DeVilbiss atomizer. A hole is cut in the oxygen

tubing near the attachment site. Oxygen is allowed to flow into

the tubing and out of the cut hole until a finger is applied

covering the hole; then oxygen flows to the nebulizer and a fine

mist of local anesthesia is emitted. The size and velocity of the

spray is directly related to the flow of oxygen through the tubing.

Source: Modified from Ref. 78.

Figure 31 Superior laryngeal nerve (SLN) block by external

approach (“topicalization”). Posterior view of the nasopharyngeal

area showing the perforating branches of the SLN. Krause’s

forceps are used with gauze soaked in local anesthetic fluid at the

level of the pyriform sinus. Source: Courtesy of UCI Department of

Anesthesia D.A. Teaching Aids.
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the patient can entrain the aerosolized lidocaine well into the
trachea and past the carina. The patient should be instructed
to “pant like a puppy dog” in order to facilitate the inhala-
tion early in the process. Later, the patient will be able to
inhale a full VC breath of the aerosolized local anesthetic
(indicating the subglottic structures are anesthetized). Once
the DeVilbiss sprayer can fully enter the oropharynx
without the patient gagging, oropharyngeal and base of
tongue topicalization is adequate for fiberoptic intubation.

Provided the patient has breathed enough lidocaine mist
into the airways, the trachea is usually adequately anesthe-
tized at this point as well.

Some endoscopists prefer performing nerve blocks of
the glossopharyngeal nerve (at the palatoglossal arch)
(Fig. 33) and the SLN (externally, where it crosses the
superior cornu of the hyoid) (Fig. 34), as well as administer-
ing transtracheal lidocaine (Fig. 35) (30). These maneuvers
are not necessary for FOB-aided or blind nasal intubation
techniques in properly topicalized patients (i.e., following
above recipe). However, if awake laryngoscopy is planned
with either a normal RDL, or a Bainton Blade, or Bullard
laryngoscope, the deep pressure receptors may still be
active causing the patient to gag. When pressure-
inducing laryngoscopic devices are used to intubate awake
patients, supplemental glossopharyngeal nerve blocks

should also be performed (see legend in Fig. 33 for instruc-
tions).

Techniques of Fiberoptic Intubation
Awake Nasal Technique
The largest ETT that will fit the patient’s nasal passage
should be used and most adults can accept an 8.0 ETT.
Indeed, provided the patient’s nares can be easily dilated
with a 34 French soft nasal airway, an 8.0 ETT will almost
always fit through the nares. This is possible because the
external diameter of a 34 French soft nasal airway is approxi-
mately 11.0 mm, whereas external diameter of an 8.0 ETT is
approximately 10.5 mm.

Following topicalization, the FOB (Fig. 36), with pre-
loaded ETT, is inserted into the patient’s nares. Alternatively,
an ETT can be placed in the nares to serve as an introducer
and the FOB can then be placed through the ETT and into
the nasal passage. The advantage of preloading the ETT
over the FOB is elimination of the possibility that the FOB
might exit the Murphy eye during intubation (which sub-
sequently will not allow the ETT to enter the trachea). The
advantage of the second technique is that the ETT serves
as a dilating airway and a guide for the FOB. When the

Figure 33 Glossopharyngeal nerve (lingual branch) block. The

tongue is pushed medially with a tongue depressor, and a three-

inch spinal needle is inserted into the base of the anterior tonsillar

pillar 0.5 cm lateral to the base of the tongue and advanced 0.5 cm

deep. After negative aspiration, 2 mL of local anesthetic is

injected. Both sides are injected for adequate block of the gag

reflex. Source: From Ref. 79, p. 229.

Figure 34 Superior laryngeal nerve block. The 23- or 25-gauge needle is introduced onto the superior border of the lateral wing

of the thyroid cartilage or caudad to the greater cornu of the hyoid bone. After negative aspiration deep to the thyrohyoid membrane, 2–3 mL

of local anesthetic are injected into the space below the membrane. Source: From Ref. 79.
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FOB exits the nasopharyngeal located ETT, it is frequently
aiming directly into the laryngeal aperture.

When manipulating the FOB, it is useful to remem-
ber that small movements at the end of the FOB result in

very large changes in the view that one has. Regardless
of the technique chosen for introducing the FOB into the
nares, the endoscopist next advances the FOB under direct
vision until the epiglottis or the laryngeal aperture is visual-
ized (Fig. 37). The FOB should never be advanced blindly,
because structures that are not clearly identified can be

Figure 37 View of the larynx and carina via a fiberoptic bronchoscope (FOB). This figure demonstrates the normal anatomy of the

larynx (A) as well as the view obtained from an FOB positioned just above the laryngeal inlet (B). After passage of the FOB through the

vocal cords and down the trachea the carina comes into view (C). The tracheal cartilages are c-shaped and are joined posteriorly with

a membrane. This anatomy allows for identification of the various portions of the tracheal bronchial tree. Source: From Ref. 81, p. 260.

Figure 35 Transtracheal injection (topical subglottic

anesthesia—recurrent laryngeal nerve distribution). A 20-gauge

IV catheter is introduced through the cricoid membrane. Once

tracheal entry is confirmed by air aspiration, 4 mL of topical

anesthetic is injected as the patient inspires; the inward air flow

carries the solution down the trachea, and the cough reflex will

spread it up to the undersurface of the vocal cords. Source:

From Ref. 79, p. 230.

Figure 36 Fiberoptic bronchoscopy (FOB) with endotracheal

tube (ETT) threaded over the insertion end of the FOB. The 15 mm

airway connector has been removed, and the ETT is secured to the

body of the FOB with a piece of tape. The distal (insertion) end of

the FOB is lubricated with a silicone-based fluid, the cuff of the

ETT is deflated. The tip of the FOB can only be flexed in one plane.

To maneuver the FOB in other planes, the scope itself must be

longitudinally twisted. Source: From Ref. 81, p. 258
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damaged. Once the glottic chink or the epiglottis is in
view, the FOB is maneuvered through the vocal cords and
into the trachea. The FOB is then advanced further down
the trachea to a position just above the carina (Fig. 37C).
At this point, the ETT is threaded over the indwelling FOB,
through the larynx and into the trachea.

If the ETT does not advance easily, it may be hung
up at the arytenoids or at the laryngeal aperture. This can
either be due to a large size discrepancy between the internal
diameter of the ETT and the outer diameter of the FOB, or
because the ETT is simply too large for the glottis. Often,
rotating the ETT 908 to 1808 either clockwise or counter-
clockwise will facilitate passage of the ETT through the
glottic aperture.

If the ETT will not pass, despite the use of these man-
euvers, then the ETT and FOB should be removed together
as a unit and a smaller-sized ETT utilized. If secretions
become a problem during bronchoscopy, these can be
managed by flushing saline down the working channel of
the FOB and suctioned under direct vision. Alternatively,
oxygen can be administered through the working channel
and used to blow secretions out of the way. The additional
benefit of the O2 insufflation technique is the increased
FiO2 provided in spontaneously breathing patients. Often,
switching back and forth between suction and O2 insuffla-
tion is useful.

Once the ETT is positioned approximately 3–4 cm
above the carina, the FOB is removed. Difficulty in removing
the FOB can result from a narrow nasal passage with crimp-
ing of the ETT, and also when the FOB is inadvertently

passed through the Murphy eye of the ETT (trapping it in
place). If this occurs, the FOB and the ETT usually have
to be removed as a unit and the procedure is begun once
again.

Oral Technique
The FOB can be advanced through the oropharynx in both
awake, spontaneously ventilating patients and those who
are asleep and being ventilated with a mask or LMA. The
sedation and local anesthesia preparation for an awake
oral intubation is the same as that required for a nasal intu-
bation (details are provided above).

With oral intubation in a spontaneously ventilating
patient, the FOB is advanced into the airway through a
rigid plastic Ovassapian oral airway intubator (Fig. 38A).
The oral intubation can be more difficult in some patients
because the FOB must take a more acute bend at the
oropharynx in order to be directed towards the larynx
(compared with the more gentle curvature required for
nasal intubation).

When FOB-assisted intubation is performed in
patients under general anesthesia, concomitant ventilation
can be achieved using an LMA, Intubating Fastrach LMA,
or the Patil Intubating Mask with self-sealing diaphragm
(Fig. 38B) along with the Ovassapian oral airway intubator,
as described by Rogers and Benumof (31). Entry into the
glottis is generally easier with an LMA–FOB-assisted intu-
bation compared with an intubating mask-FOB-assisted
technique.

Figure 38 The oral airway intubator and the intubating anesthesia mask. The oral airway intubator (A) has a channel large enough to

pass an 8.0 mm endotracheal tube (ETT). The intubating anesthesia mask fits over the patient’s face as a normal mask does and is equipped

with the usual 15 mm airway connector. In addition, there is an intubating port with self sealing diaphragm through which a fiberoptic

bronchoscope and previously threaded ETT may pass (B). The scope passes via the intubating port through the intubating oral airway

and then into the trachea. The ETT (previously threaded over the bronchoscope) is then advanced into the trachea. The bronchoscope is

withdrawn, the ETT is grasped near the patient’s mouth, and the anesthesia mask is removed with care not to pull the ETT out of the

trachea in the process. Abbreviations: ET, endrotracheal tube, FOB, fiberoptic bronchoscopy. Source: From Ref. 81, p. 261.
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DIFFICULTAIRWAYALGORITHMS
The ASA Difficult Airway Algorithm
Practice guidelines for management of the DA were orig-
inally published in 1993 (5), and were updated recently in
a report published by the ASA Task Force on Management
of the DA (11).

The original practice guidelines (1993) were developed
by a taskforce of ASA members who expounded upon the
original ideas put forth in a Medical Intelligence article
written by Dr. Jonathan L. Benumof in 1991, entitled
Management of the DA (3).

In 1996, Dr. Benumof wrote another landmark article
discussing the development and use of the LMA and its
implications on the ASA DA algorithm (14). This article con-
tributed to the ASA’s decision to revise the ’93 algorithm.
The current version has emerged after the ASA Task Force
reviewed the literature published over the last 60 years

and obtained expert opinions from other ASA members to
build a consensus. The 2003 Practice Guidelines Key Points
are summarized in Table 9.

There are several critical decision tree elements
present in the ASA DA algorithm. These include recognition
of the DA, awake intubation techniques, and anesthetized
intubation techniques (whether recognized or not). Figure 39
shows the ASA DA as revised in 2003, along with modifi-
cations as required for utilization in the trauma patient.

Recognition of the Difficult Airway
The ASA DA algorithm begins with the recognition of

airway difficulty. The patient who sustained penetrating
trauma to the neck with stridor and cyanosis is easily recog-
nized as a potential DA. However, there may be more subtle
anatomic or pathologic causes of airway difficulty that can
go unrecognized in the traumatized patient due to hasty

Table 9 Principles of the American Society of Anesthesiologists Difficult Airway Algorithm

ASA DA algorithm Examples/comments

A. Airway history is useful Ask patient, check chart/bracelet

B. Airway examination (11 step) Should be conducted on all patients whenever feasible

C. Additional evaluation may be

indicated in some patients

E.g., rheumatoid arthritis patients should have flexion/extension C-spine X rays

D. Basic preparation for a DA,

per 2003 ASA DA

Guidelines

Requires a portable DA storage unit with contents that include airway tools that can assist man-

agement of the DA. These are listed in Table 1

E. When a patient is identified as

having a DA several things

should happen

Inform patient/family of risks, plans, and alternate management methods

Identify an experienced helper to assist in managing the DA

Preoxygenate

Pursue opportunities to administer O2 to patient during DA management

F. The anesthesiologist should

have a strategy for DA

management—one such

strategy is following the

ASA DA algorithm (see

ASA DA algorithm—

modified for trauma).

Every DA strategy requires

the following elements:

Assess the likelihood of any one of the four basic problems:

Difficult ventilation

Difficult intubation

Difficulty with patient cooperation or consent

Difficult tracheostomy

Consider the merits of crossing the three basic bridges to airway access:

Awake versus general anesthesia (RSI + modified with PPV)

Natural airway with ETT versus surgical airway

SV versus apnea

Identify the preferred primary approach (patient and condition specific).

Identify a backup approach (i.e., Plan “B”)

Exhaled CO2 should be used for confirmation of tracheal intubation

Consideration of conducting surgery with regional/local technique. Significant judgment is required.

Regional is seldom a wise choice for acute poly trauma patients (Table 7)

G. The anesthesiologist should

also have a strategy for

extubation or tube change of

the DA patient. Every DA

extubation strategy requires

consideration of the

following four elements:

Consider the relative merits of awake extubation

Evaluate the factors that may adversely impact ventilation after extubation

Formulate an airway management plan that can be implemented if the patient is not able to maintain

adequate ventilation after extubation

Consider use of an AEC for short-term use. An AEC can serve as a guide for expedited reintubation,

or (via the hollow inner core) as a method to provide O2—by insufflation (if patient breathing

spontaneously) or via jet ventilation

H. Follow-up care and

documentation

Inform patient/family of difficulty. Suggest patient get a card in wallet and a bracelet stating DA

Document in chart specific problems with mask ventilation, LMA ventilation or intubation. Also,

document which tools were used successfully or unsuccessfully. Provide all guidance relevant for

the next person managing the patient in the future

Abbreviations: ASA, American Society of Anesthesiologists; AEC, airway exchange catheter; DA difficult airway; ETT, endotracheal tube; LMA, laryngeal

mask airways; PPV, positive pressure ventilation; RSI, rapid sequence intubation.
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preoperative evaluation or preoccupation with other aspects
of the patient’s care. Missed signs of a DA can be minimized
if one looks carefully for both pathologic and anatomic
abnormalities as previously described. Whenever the

patient is recognized to have a DA, the clinician should con-
sider securing the airway using an awake technique, as long

as the patient is cooperative, hemodynamically stable, and
spontaneously ventilating.

Figure 39 American Society of Anesthesiologists (ASA) Difficult Airway (DA) algorithm. Along with modifications (in bold) required for

trauma. The algorithm begins with recognition of the DA. If the patient is recognized to have a DA, then the awake limb of the algorithm is

followed. If the patient is uncooperative, unstable, or was not recognized to have a DA, the anesthetized limb is followed. Regardless of the

technique used to secure a definitive airway, confirmation of mechanical ventilation with either end tidal CO2 or other test is

mandatory. The original algorithm is from Ref. 82, along with modifications (in bold) as published in ASA DA algorithm modified for

Trauma. Source: From Ref. 83, p. 10.
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Awake Limb of the ASA Difficult Airway Algorithm
After deciding to intubate the trachea using an awake tech-
nique, the airway expert must select the most appropriate
technique, giving the reason for airway difficulty and the
clinical circumstances.

Indeed, the ASA DA algorithm does not endorse any
specific airway technique. However, it does emphasize that
the patient must be properly prepared (both mentally and
physically) for an awake technique, and the physician
must ensure that SV continues and O2 saturation is main-
tained throughout the procedure. In trauma scenarios, the
patient must also be cooperative and stable.

The basic ASA DA algorithm recommends consider-
ing abandoning the airway attempt while maintaining SV,
and allowing the patient to recover from topicalization or
sedative medications and resume management later with a
better plan (other equipment/personnel). However, stop-
ping is rarely an option in emergency airway management
situations (i.e., the trauma patient with cardiorespiratory
failure). If at any time during the awake intubation manipu-
lation the patient is unable to ventilate by mask and intuba-
tion is not successful, then consideration should be given for
the use of emergency airway adjunct devices such as the
LMA, ETC, TTJV, or a surgical airway.

Uncooperative/Unstable/Anesthetized Limb
of the ASA Difficult Airway Algorithm
The three common conditions when the emergency airway
expert is confronted with the need to intubate the trachea
of an unconscious or anesthetized patient with a DA were
elaborated upon earlier and include: (i) failure to recognize
a DA in preoperative evaluation; (ii) the DA patient who is
already unconscious prior to being assessed by the airway
expert (i.e., following trauma, drug overdose, etc.); and (iii)
the hemodynamically unstable patient (i.e., following
trauma) or the patient who absolutely refuses to cooperate
with an awake intubation (e.g., child or mentally retarded
patient). All of these conditions can be handled by following
the guidelines outlined in the anesthetized limb of the ASA
DA algorithm. In the uncooperative patient, preinduction

assessment should have identified factors that might make
intubation of the trachea difficult and the airway expert
should consider using a technique that maintains SV
despite the need for anesthesia.

ASA Difficult Airway Algorithm Modified for Trauma
Trauma patients, who are hemodynamically stable without
specific injuries to the head, neck, maxilla-face or chest,
can be managed as outlined by the ASA DA algorithm
(Fig. 39). Isolated abdominal or extremity injuries in hemo-
dynamically stable patients fall into this category.
However, in this “uncomplicated” setting, the anesthesiolo-
gist must maintain a heightened vigilance for and undertake
protective measures against aspiration. (Table 10).

Trauma and associated conditions (apprehension,
opioid administration, alcohol ingestion, and gastrointestinal
disorders) are all associated with an increased volume of
gastric contents. Pain, trauma, and apprehension decrease
the gastric pH and further increase the risk that passive regur-
gitation would progress to aspiration syndrome. Therefore, all
trauma patients are considered to have full stomachs and a RSI
with endotracheal intubation should always be considered.
However, many airway disasters have resulted from an inap-
propriate placement of gastric regurgitation and placed
pulmonary aspiration on a hierarchical level above airway dif-
ficulty. Thus, the trauma anesthesiologist must always fully
evaluate the airway. If the patient has an anticipated DA, the
trachea should be intubated using an awake technique.
Despite the increased risk of aspiration in these trauma
patients, awake techniques can be safely used provided the
physician maintains close observation of the patient’s mental
status. If the patient is awake and following commands, then
the patient’s airway protective mechanisms should be func-
tional. Indeed, Ovassapian intubated the tracheas of 123
patients considered to be at high risk for aspiration of gastric
contents using an awake technique. Regurgitation occurred
in only one patient and no patients suffered aspiration (32).
Therefore, the ASA DA algorithm can be followed without sig-
nificant modification in patients with isolated extremity or
abdominal injuries with documented absence of C-spine,
brain, neck, maxilla-face, or chest injury.

Previously, in securing a DA in patients with a full
stomach, the over-riding goal was to prevent catastrophic
aspiration. However, it is now more clearly understood that
preventing hypoxia and brain injury is most important. The
general principles of the ASA DA algorithm as they apply
to the trauma airway are outlined in Figure 39. The modifi-
cations of the ASA DA algorithm for trauma as compared
with the general algorithm are summarized in Table 10.
First, stopping to come back another day is seldom an
option with trauma. Secondly, an awake ETT technique

Table 10 Modification of the American Society of Anesthesiologists Difficult Airway Algorithm for Trauma

Management choices DAA Trauma DAA

Unsuccessful intubation after GA

induction

Awakening the patient is always an option Awakening/stopping is seldom an option

Surgical airway decision Invasive surgical airway is performed for

failed CNI–CNV

Surgical airway may be the first/best choice

Management of recognized DA Awake intubation Awake intubation technique only if cooperative,

stable, and spontaneously ventilating

Failed awake intubation Cancel is an option Uncooperative/combative patient requires GA

with SV (modified RSI)

Regional for anesthetic management Regional anesthesia is always an option Regional is seldom indicated

Note: Trauma DAA relates to American Society of Anesthesiologists Difficult Airway algorithm modified for trauma (Figs. 39A and B).

Abbreviations: CNI–CNV, cannot intubate–cannot ventilate; DAA, pertains to standard ASA DA; RSI, rapid sequence intubation; SV, spontaneous

ventilation.
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should be chosen in a DA patient providing the patient is
cooperative, stable, and spontaneously ventilating. Thirdly,
if the patient becomes uncooperative/combative, unstable,
then sedative drugs may need to be administered to gain
control. However, if the airway is deemed difficult, SV
should be maintained (if possible). Finally, a surgical airway
may be the best (i.e., first) choice in certain conditions.

Five CommonTrauma Difficult Intubation Scenarios
Traumatic Brain Injury/Intoxication
In the setting of TBI, surgical decompression/evacuation is
frequently the primary intervention required for resolution
of increased ICP. However, endotracheal intubation and
subsequent modest hyperventilation constitute important
temporizing modalities (Fig. 40). Hyperventilation serves

Figure 40 American Society of Anesthesiologists (ASA) Difficult Airway algorithm applied to closed-head injury/intoxication.

Abbreviations: CPP, cerebral perfusion pressure; CT, computed tomography; GCS, Glasgow Coma Scale; ICP, intracranial pressure; MAP,

maintenance of mean arterial pressure; PPV, positive pressure ventilation; RSI, rapid sequence intubation; SV, spontaneous ventilation;

Source: From Ref. 83, p. 12.
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to decrease cerebral blood flow (CBF) by causing cerebral
vasoconstriction via an increase in intracellular brain pH.
Simultaneously, maintenance of mean arterial pressure
(MAP) in a normal or slightly elevated level throughout
these manipulations is important to maintain cerebral
perfusion pressure (CPP ¼MAP 2 ICP). Patients with a
CPP less than 60 mmHg have a worse outcome for similar
categories of head injury and Glasgow Coma Scale
(GCS) than patients with normal CPP (33), and a CPP
.70 mmHg is desirable if it can be accomplished (34).

Airway management considerations for the TBI

patient begin with the determination of acuity followed by
airway evaluation. If the patient has a GCS ,9, airway
management begins at the anesthetized limb of the ASA
DA algorithm (just as in any unstable uncooperative
patient). If the patient has stable hemodynamics, a GCS
.9, and an airway that appears difficult to intubate, then
an awake intubation technique should be considered.

Cervical-Spine Injury
C-spine injury should be suspected in all trauma patients,
especially those with a significant blunt mechanism of
injury (i.e., front-end MVC .35 mph without seat belt), and
those patients admitted with altered mental status (Volume
1, Chapter 15) (35,36). Because comatose patients cannot
respond to a clinical examination, all head injured and/or
intoxicated patients, and others in whom a clinical exam
cannot be performed, must initially be assumed to have
cervical instability even in the face of normal cervical
X rays. Few well-controlled studies are available to guide
airway management for these patients, however, several
excellent reviews of C-spine injury and airway management
exist (37–40).

When confronted with the patient with suspected C-
spine injury, four points should be considered (Table 11).
The C-spine airway management algorithm (Fig. 41) follows
directly from concepts outlined in Table 11. First, intubation
of the (proven or suspected) C-spine-injured patient is analo-
gous to intubation of any other patient except that there is
an added handicap because the head and neck should not
be moved (i.e., analogous to any patient without C-spine
injury who has limited or no neck range of motion). Second,
the patient must be evaluated for all the other factors that
would predict a DA. Third, outcome data indicates that
there are no differences in terms of incidence of neurologic
deficit between awake intubation (oral tracheal or nasal tra-

cheal) and intubation under general anesthesia (oral tracheal
or nasal tracheal) as long as the intubationist does not move
the head on the neck (i.e., use in-line immobilization) (41,42).

Fourth, if the C-spine is knownor suspected tobe unstable,
and the patient is awake, cooperative and otherwise stable, an
awake intubation (optimally with an FOB) should be pursued.

Fifth, if intubation is contemplated for neck surgery in a
patient with known C-spine injury, both awake intubation
and awake positioning should be pursued (43).

For patients with known or suspected C-spine injuries
undergoing RSI, cricoid pressure can be maintained by an
assistant utilizing a two-handed method. The assistant
uses one hand to support the back of the neck, and the
other hand to apply firm pressure on the cricoid cartilage
(Sellick Maneuver) (44,45).

Airway Disruption
Airway disruption is defined as any interruption of
airway integrity due to either blunt or penetrating trauma.
The literature provides little guidance for emergency
airway management of patients with airway disruption
because these injuries are relatively uncommon (occurring
in only 14% of penetrating neck trauma cases) and thus
most studies are retrospective (46). In addition, the diversity
of concomitant injuries, and hemodynamic status of the
patient makes universal recommendations difficult. Shearer
and Giesecke (47) recently reviewed their experience with
107 patients with penetrating neck trauma requiring defini-
tive airway management at Parkland Memorial Hospital,
finding that neither the zone of injury nor the mechanism cor-
related with degree of intubation difficulty or the primary
choice of surgical airway (see Volume 1, Chapter 24).

Despite the inherent complexity of managing airway
disruptions, the ASA DA algorithm is useful in this setting
(Fig. 42). If the airway injury is large or subglottic, an
awake technique under direct vision is indicated (surgical
airway or FOB intubation). If the disruption is very small
or supraglottic, then the technique chosen is less critical.
Importantly, whatever technique is selected, the practioner
must avoid applying PPV proximal to the injury as this
could convert a relatively small tear into a large or complete
airway disruption and cause mediastinal air.

Awake intubation, with SV, is indicated for a major
airway tear because this avoids exposing the disruption to
PPV. PPV can cause further injury to the airway and
increase the likelihood that air will dissect into the mediastinal

Table 11 Airway Considerations for Patients with Known or Suspected Cervical-Spine Injuries

C-spine injury considerations Airway manipulation implications

Must not move the neck Maintain in-line stabilization.

Other concerns similar to any other.

Concomitant airway risks Awake technique if otherwise high risk (HMD ,6 cm, Mallampati class IV)

If otherwise low risk, awake or GA technique are the same in terms of neurologic outcome

(as long as the neck remains immobilized)

Selection of awake technique If an awake technique is chosen, the specific methodology does not appear to affect outcome.

Thus, FOB versus blind nasotracheal versus lightwand, etc., are equally acceptable, providing the

anesthesiologist is proficient in using the instrumentation.

Aspiration prophylaxis If awake technique chosen, no increase in aspiration has been documented.

If RSI is chosen, cricoid pressure is maintained.

Abbreviations: FOB, fiberoptic bronchoscopy; GA, general anesthesia; HMD, hyomental distance; IV, intravenous; RSI, rapid sequence intubation.
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tissues (i.e., mediastinal emphysema) with resultant oblitera-
tion of neck landmarks and impossibility of performing a sur-
gical airway (i.e., surgical airway may become difficult to
impossible). Furthermore, the airway may be held together
by muscle tone in the strap muscles along the airway, which
is lost in an RSI technique with muscle paralysis. The
authors believe that FOB-assisted intubation is the awake tech-
nique of choice because it allows for visualization of airway
disruption (diagnosis) as well as assured placement of the
ETT cuff distal to the disruption (i.e., treatment). A double
lumen tube can be placed using an awake technique under

fiberoptic guidance in cases of a small distal unilateral
bronchial disruption. Figure 42 shows the awake limb of the
ASA algorithm applied to the problem of airway disruption.

The goal of intubation is to seal off the airway with a
cuffed ETT. In general, intubation by conventional laryngo-
scopy should not be the primary technique for a subglottic
disruption because the ETT could pass out the disruption
into the mediastinum worsening or completing the disrup-
tion. Ideally, one would like to maintain a view of the
airway (FOB, surgical airway). Use of an FOB may be proble-
matic if the airway is grossly bloody. Finally, in addition,

Figure 41 American Society of Anesthesiologists Difficult Airway algorithm applied to C-spine injury. Abbreviations: DA, difficult

airway; FOB, fiberoptic bronchoscopy; GA, general anesthesia; HMD, hyomental distance; RSI, rapid sequence intubation; SCI, spinal cord

injury; SV, spontaneous ventilation. Source: From Ref. 83.
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a complex distal tear may require cardiopulmonary support
or bypass for resuscitation or definitive treatment if
concomitant vascular injury is present (48,49). Disruptions
limited primarily to the airway can usually be repaired
using a DLT.

The anesthetized limb of the ASA algorithm (Fig. 42)
applies to the problem of airway disruption. When the tear
can be easily bypassed by an easy intubation or when the
patient has a major tear but absolutely refuses an awake
intubation, the neck should be prepped and landmarks

Figure 42 American Society of Anesthesiologists (ASA) Difficult Airway algorithm applied to airway disruption. Abbreviations: CPB,

cardiopulmonary bypass; DLT, double lumen tube; ETT, endotracheal tube; LMA, laryngeal airway mask; RSI, rapid sequence intubation;

SV, spontaneous ventilation; PPV, positive pressure ventilation; TJV, transtracheal jet ventilation. Source: From Ref. 83.
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identified, and the surgeon gloved and gowned prior
to intubation so that the surgeon may quickly perform
a surgical airway if difficulty is encountered following
induction.

A patient with a small, easily bypassed tear can
be intubated by conventional means. Whereas, a patient
with a large tear, undergoing general anesthesia, should
maintain SV (i.e., modification of the RSI technique) and
intubation options described following the awake limb
of the ASA DA algorithm should be utilized. If the CNI–
CNV situation arises, TTJV is contraindicated, as are
supraglottic ventilatory techniques (i.e., LMA, ETC). These
methods will expose the disruption to PPV leading to
possible complete disruption, mediastinal emphysema,
tension pneumothorax, or massive subcutaneous emphy-
sema. Thus, if a “CNI–CNV” situation arises in a patient
with a subglottic airway disruption, one should immediately
go to a surgical airway, and be prepared for CPB if tear
is distal. Finally, with open gaping neck wounds (e.g.,
knife, metal, glass) that transect the trachea, direct tracheal
intubation via the wound is always the appropriate
first choice.

Maxillofacial Trauma
Maxillofacial injuries are rarely life-threatening unless
associated with airway obstruction or hemodynamic
instability. Mask ventilation may be made more difficult
by maxillary facial or mandibular injuries, even though
intubation is typically achievable. Airway management
priorities for maxillary facial trauma are shown in
Figure 43. Airway obstruction can occur due to pharyngeal
blood clots, vomitus, loose teeth, dentures, or posterior dis-
placement of the tongue, and periglottic soft tissue
(especially with bilateral mandibular fractures). Zygoma or
zygomatic arch fractures can impinge on the coronoid
process of the mandibular ramus limiting mouth opening.
Nearly a century ago, Le Fort (50) described three facial frac-
ture patterns that have some anesthetic significance today.
Le Fort II and III fractures are associated with disruption
of the cribriform plate and nasally placed objects can enter
the brain as have occurred with nasogastric tubes and
ETTs. Because disruption of the cribriform plate is very dif-
ficult to rule out in the acute setting, any evidence of a
basal skull fracture or Le Fort II or III fracture [periorbital
hematomas resembling “raccoon-eyes,” hemotympanum,
Battle’s sign (ecchymosis overlying the mastoid process),
or cerebral spinal fluid (CSF) rhinorrhea] should be
presumed to involve cribriform plate disruption. The pre-
sence of CSF rhinorrhea or otorrhea, should caution
against prolonged PPV by mask. PPV, via a mask, may
force air across the site of the CSF leakage resulting in a
pneumocephalus (51). Because of the possibility of causing
meningitis or further brain injury by blindly forcing a
nasally placed object into the cranial vault, blind mani-
pulations are contraindicated. However, nasal intubations
under FOB guidance are not universally held to be absol-
utely contraindicated. Indeed, Bahr and Stoll (52) reported
a series of 160 patients with fronto-basalar fractures and
documented cerebral spinal fluid leak and there was no
difference in postoperative complications including menin-
gitis regardless of the route of intubation (oral vs. nasal).
Another potential consideration in patients suffering from
Le Fort II and III fractures is airway obstruction. This can
occur when a maxillary fragment becomes dislodged poster-
iorly obstructing the airway.

The first decision that needs to be made is whether
the injury is life-threatening (Fig. 43). If it is not, the
condition can be treated in a nonemergent mode and time
can be taken to plan appropriately. If the fracture is life-
threatening, then first priorities are airway and breathing
(i.e., basic airway maneuvers) followed by intubation
logic that takes into consideration the need to wire the
mandible to the maxilla. Emergent oral intubation fol-
lowed by change over to a nasally placed ETT tube or a
tracheostomy under more elective circumstances may be
life saving.

For nonlife-threatening maxillary/mandibular frac-
tures, the intubation strategy outlined by the basic ASA
DA algorithm works well. General anesthesia can be
induced if the intubation is predictably easy, whereas,
when intubation difficulty is expected, the trachea should
be intubated awake as long as the patient is cooperative,
stable, and spontaneously ventilating. Regardless of the
specific intubation technique utilized, the need to wire
the maxilla to the mandible (intermaxillary fixation) must
be considered. Thus, a nasal technique should be per-
formed in the absence of maxillary fractures. If significant
bilateral nasal or maxillary injuries are present, the
patient may undergo topicalized awake FOB-guided nasal
intubation (provided the anesthesiologist has adequate
visualization of the nasopharyngeal airway throughout
the manipulation and intubation of the trachea). Alterna-
tively, for anesthesiologists unskilled at FOB-guided
intubations or patient conditions obviating the ability for
clear vision throughout the procedure (i.e., swollen,
bloody mucosa), a formal tracheostomy may be the first
best choice.

Airway Compression
The airway can be externally compressed by an expanding
hematoma, hemorrhage from a major vascular injury
(blunt or penetrating trauma), or large abscess. As with
maxillary/mandibular fractures, the first determination is
whether the condition is life-threatening. If the situation is
life-threatening, then one should consider whether airway
manipulation might dislodge a clot and further compromise
the airway (Fig. 44). Oral tracheal intubation may be difficult
and therefore unwise. A surgical airway is often the best
choice.

If extrinsic airway compression (hematoma, swelling,
abscess) is not life-threatening, then the basic ASA DA
algorithm applies. Regardless of the intubation tech-
nique performed, the anesthesiologist must avoid disturb-
ing a mass compressing the airway, and the lesion must
not be allowed to obscure the view of the airway (53).
Thus, an FOB-guided technique is often the best choice.
The trauma anesthesiologist must be willing to proceed to
plan B (e.g., surgical airway) if the mass is obscuring the
view of the airway.

Table 12 serves as a summary of the major points
pertinent to the various trauma DA clinical scenarios
(54). The plan for securing the airway of the trauma
patient must minimize the risks of airway loss, aspiration,
and hemodynamic compromise. The priority list must be
reorganized as the patient’s condition changes. If there
is any concern that the patient’s airway will be difficult
to mask ventilate or intubate, an awake technique
with SV should be chosen. Alternative plans must have
been thought out beforehand and be physically ready
to go. In some cases, the best first choice is a surgical
airway.
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EMERGENCY INTUBATION COMPLICATIONS

Complications of emergency trauma airway management
are numerous. However, there are six life threatening
emergency airway complications that must be avoided
when managing airways of critically ill patients: (i) failure

to intubate/ventilate; (ii) unrecognized esophageal intuba-
tion; (iii) creating or exacerbating a C-spine injury; (iv)
causing a partial airway tear to become a complete trans-
ected airway; (v) aspiration of gastric contents; and (iv)
hemodynamic compromise. We will examine each of these
pit-falls in turn.

Figure 43 American Society of Anesthesiologists (ASA) Difficult Airway algorithm applied to maxillary-facial trauma. Abbreviations: RDL,

rigid direct laryngoscope; RSI, rapid sequence intubation; CSF, cerebral spinal fluid; FOB, fiberoptic bronchoscopy; ETT, endotracheal tube; DA,

difficult airway; OP, oropharyngeal; NP, nasopharygeal. Source: From Ref. 83. Photo courtesy of Pablo Pratesi, Hospital Universitario Austral,

Argentina.
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Failure to Intubate or Ventilate
Failure to maintain a patent airway for more than a few
minutes can lead to brain damage or death, and is the single
most common cause of anesthesia-related morbidity and mor-
tality (55). Trauma patients in cardiorespiratory failure are at
an even higher risk because they are starting out with a
more compromised hemodynamic and respiratory status
than elective patients in the OR. Furthermore, difficulty can

occur because proper equipment and help may be
missing. The ASA DA algorithm was developed by a
task force of academic clinicians with the goal of redu-
cing airway-related catastrophes. Although not specifically
created for emergency situations, the ASA DA algorithm
provides logical guidance for emergency airway manage-
ment of the CNI–CNV situation (as reviewed in detail
earlier).

Figure 44 American Society of Anesthesiologists (ASA) Difficult Airway algorithm applied to airway compression. Abbreviations: SV,

spontaneous ventilation; ETT; endotracheal tube; RSI, rapid sequence intubation; TTJV, transtracheal jet ventilation; FOB, fiberoptic

bronchoscopy; ETC, esophageal tracheal-combitube; LMA, laryngeal mask airway. Source: From Ref. 83.
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Unrecognized Esophageal Intubation
An esophageal intubation is not an error of commission; it is
an error of omission (that is failure to recognize it). Once the
airway is secure, confirmation of placement and ventilation
must occur immediately. Depending on the patient’s
underlying condition, confirmation of ETT position can be
complicated, and can lead to disastrous results, if not
properly verified. ETT confirmation techniques can be
characterized as direct and indirect methods (56,57).

Direct Confirmation of Intratracheal Tube Position
Direct vision of the ETT passing through the cords is con-
sidered “the gold standard.” The only foolproof technique
for confirming an endotracheal position is seeing the tube
pass through the cords and looking through the ETT and
visualizing the tracheal rings with an FOB, or in penetrating
neck trauma, the trachea may be exposed and the tube can be
placed inside under direct vision.

Indirect Confirmation of Intratracheal Tube Position
All of the usual clinical endpoints are indirect methods and
error-prone including: auscultating equal bilateral breath
sounds, observing symmetrical chest rise, and fogging of
the ETT. One of the two specific indirect methods for deter-
mining ETT position must be utilized for all trauma intuba-
tions. Options include PETCO2 measurement (56) and use of
the EDD (57).

End-Tidal CO2 Measurement
The PETCO2 can be detected by capnography or by a portable
calorimetric device made by Nellcor Puritan Bennett called
the Easy Cap II. These devices have been reviewed in

Volume 1, Chapter 8, and are good predictors of esophageal
intubation in patients with normal cardiovascular status.
However, in code situations with little or no cardiac output
(58), very little blood will traverse the pulmonary circulation
and consequently very little CO2 will be exhaled with each
breath and be available to be detected. Indeed, PETCO2 has
been used to quantify the efficacy of CPR (as described in
Volume 1, Chapters 12, 18, Volume 2, Chapter 8) (59).

Conversely, patients with high levels of CO2 in their
stomach (from NaHCO3 or soft drinks) can give a false
positive test on the first couple of breaths. After six breaths
esophageal/gastric CO2 levels drop. Barring these two rela-
tively rare events, end-tidal CO2 measurement is a reliable
indication of ETT position.

Recently, an EDD has been described by Wee (60). The
Wee EDD (comprised of an Ellicks evacuator applied to the
supposed “tracheal” tube) has proven to be highly sensitive
and specific for detection of esophageal intubation (Fig. 45)
(60). If the tube is in the esophagus, the deflated bulb fails
to re-expand when released because suction applied to
the esophageal wall causes the mucosa to close in on and
obstruct the ETT. In contrast, when the tube is in the
trachea, air flows out of the lungs into the trachea and
re-inflates the bulb because the tracheal rings keep the
airways from collapsing around the ETT (60).

Hemodynamic Compromise
Trauma patients may be hovering on the edge of cardiopul-
monary arrest from the primary process. Also, they may be
at risk from the elevated circulating catecholamines, which
increase myocardial O2 consumption and SVR (except in
the rare circumstance of concomitant anaphylaxis, sepsis,
or drug overdose). Furthermore, elevated catecholamines

Table 12 Overview of Airway Considerations for Specific Trauma Scenarios

Abdominal or extremity trauma:

(No head, neck, maxillofacial or

chest trauma, and stable patient)

ASA algorithm applies

Airway concerns supersede aspiration issues

Closed head injury (GCS , 9): Anesthetized limb of algorithm (Fig. 40)

Hyperventilate

Expeditiously secure definitive airway

Maintain CPP .70 mmHg

C-spine injury: C-spine airway algorithm (Fig. 41)

Awake technique if otherwise high risk

(HMD ,6 cm, Mallampati Class IV)

IF otherwise low risk, awake, or GA technique are the same in terms of

neurologic outcome (as long as the neck remains immobilized)

Airway disruption: Airway disruption algorithm (Fig. 42)

Goal is to get below the tear

Don’t ventilate proximal to disruption.a

Maxillary-mandibular fractures: Max-mandibular fracture algorithm (Fig. 43)

IF emergency, RSI with RDL or TTJV, LMA

IF nonurgent, nasal FOB acceptable providing the airways can be

visualized in entirety.

Ultimate plan considers need for IMF.a

Extrinsic airway compression: Extrinsic compression algorithm (Fig. 44)

Decide on urgency

Need to avoid, and get around the mass.a

aSurgical airway may be the first, best choice.

Abbreviations: CPP, cerebral perfusion pressure; FOB, fiberoptic bronchoscopes; GCS, Glasgow Coma Scale; HMD, hyomental distance; IMF, intermaxillary

fixation; LMA, laryngeal mask airways; RDL, rigid direct laryngoscope; RSI, rapid sequence intubation; TTJA, transtracheal jet ventilation.
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and PaCO2 (if respiratory failure present) sensitize the
myocardium to ventricular ectopy.

More importantly, the elevated catecholamines tend to
support the patient’s BP prior to intubation. Therefore, the
cardiovascular system of the critically ill patient frequently
requires some exogenous catecholamine or vasopressor
support during or following intubation. This support can
come in the form of pharmacologic therapy or intravascular
volume expansion.

Hypotension following emergent intubation occurs
secondary to lysis of endogenous catecholamine output
and due to the heart–lung interactions of PPV (especially
in hypovolemic patients).

Causes of Preinduction Increases of Catecholamines
Prior to induction and intubation of trauma patients, a
hyperadrenergic state exists serving to buoy the patient’s
BP. Several factors promote this hyperadrenergic state
through increased endogenous catecholamine elaboration:
(i) stress (fear of dying and dyspnea), (ii) pain, (iii) elevated
PaCO2 (ventilatory failure), (iv) pump failure, and (v) hypo-
volemia and hemorrhage.

Causes of Hypotension Following Induction
and Intubation
Following induction/intubation, the BP frequently falls in
patients with respiratory failure (especially following a

rapid sequence induction). The hypotensive response can
be attributed to four factors.

Loss of Consciousness (Decrease in Sympathetic Tone)
All IV induction drugs such as etomidate, ketamine,
propofol, and sodium pentothal lead to a loss of conscious-
ness and thereby a loss of preinduction stress, fear, and
anxiety-mediated catecholamine production. Loss of this
catecholamine elaboration can cause the BP to drop.

Direct Myocardial Depression and Vasodilation
Some IV drugs cause direct myocardial depression (e.g., thio-
pental, Propofol, ketamine) and decreased SVR (thiopental
and propofol). Etomidate is associated with very little
myocardial depression. Ketamine causes some myocardial
depression but its sympathomimetic effect can sometimes
buoy the BP (providing the patient is not already secreting
the maximal amount of endogenous catecholamines).

Decreased Right Ventricular Preload and Increased
Right Ventricular afterload
PPV will decrease venous return to the right heart and thus
decrease preload and increase right ventricular (RV) after-
load (when alveolar pressure is greater than pulmonary
capillary pressure). These changes in turn decrease filling
of the left heart, tending to decrease stroke volume. These
effects are especially pronounced when the patient is
intravascularly volume depleted.

Decreased PaCO2

Hyperventilation will blow off the previously elevated
PaCO2, resulting in a further decrement in the stimulus for
catecholamine release. The combination of hypovolemia
with now decreased endogenous catecholamine elaboration
along with mechanical factors inhibiting cardiac output
(PPV) can lead to catastrophic hypotension.

Techniques to Limit Hypotension Following Intubation
Avoid using an RSI technique when not necessary. A patient
with an obvious DA and full stomach should be intubated
awake unless she/he becomes uncooperative or grossly
unstable. Small doses of induction drugs are used when
required. If the airway is expected to be difficult to intubate,
maintain SV with cricoid pressure in particularly debilitated
patients (i.e., those with pericardial tamponade). Pretreat
with a fluid load (except in the case of myocardial ischemia
related to high preload). Have vasopressors drawn up avail-
able for administration and do not hyperventilate following
intubation.

Aspiration of Gastric Contents
The severity of gastric aspiration is a function of the volume,
pH, and nature of material aspirated. Patients at high risk for
aspiration should either receive an RSI or have an awake,
topicalized intubation technique.

The purpose of the RSI (with cricoid pressure) is to seal
the airway with a cuffed ETT as soon as possible after the
loss of airway reflexes (the details provided above). Death
can occur when the concern for a full stomach supersedes
more important issues such as DA, partial airway transec-
tion, severe hypovolemia, and so on.

Creating a C-Spine Injury in a Patient with an Unstable Neck
The head and neck should remain immobilized with in-line
stablization during trauma airway management. As we
consider manipulations to maintain airway patency or

Figure 45 Collapsed self-inflating bulbs (SIBs) were connected

simultaneously to tracheally and esophageally placed tubes.

The SIB connected to the tube in the trachea instantaneously

reinflated, while the SIB connected to the tube in the esophagus

remained collapsed. Source: From Ref. 84.
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place an ETT, we must consider the trauma patient to have
an unstable C-spine unless otherwise determined. Radio-
graphic C-spine clearance should be achieved prior to
airway management whenever possible. Awake FOB-guided
technique is recommended if the patient is awake, coopera-
tive, and stable with a known or suspected C-spine injury.
All other patients will need to be intubated with conventional
RDL after induction of anesthetic drugs, but the neck must not
move!

EYE TO THE FUTURE

With the introduction of the ASA DA algorithm, the number
of ASA closed claims malpractice grievances have decreased
dramatically and DA management has improved signi-
ficantly (2). In addition to institution of the trauma DA
algorithm, new modalities are necessary to improve the
management of the DA in trauma. The future promises
new developments in airway management including new
tools with fiberoptic technology for better direct visualiza-
tion of the airway when placing an ETT.

Technologic advances will work to improve patient
safety in trauma airway management. Intubating imaging
stylets enable the practitioner to visualize the airway
throughout the entire procedure. The LMA, an established
conduit for an FOB-assisted endotracheal placement, is
being used to place Aintree intubation catheters, which
serve as AECs facilitating placement of a large-sized ETT
(61). However, in most trauma airway scenarios blind
manipulation is not recommended.

The Cookgasw ILA, without the epiglottic elevating
bar, is used to allow the FOB, preloaded with a standard-
sized ETT, to pass through the ILAs elliptical-shaped aper-
ture into the trachea (62). This obviates the need for an
AEC to place a larger sized tube. The Cookgasw ILA has
three major advantages over the regular LMA for use as an
intubation conduit: (i) one can place a standard size tube
(i.e., 7.5–8.5) with adequate length, (ii) it allows an ETT
one size larger than the LMA Table 6, and (iii) the Cookgasw

ILA is easy to remove over the standard ETT.
Similarly, the LMA CTrach is a new laryngeal mask

system, which enables viewing of the larynx and aids end-
otracheal intubation through the LMA. It consists of an
LMA CTrach with integrated fiberoptic channels and an
LMA CTrach viewer. Although not widely used, the
CTrach shows promise for DA management in which it
facilitates ventilation and allows for endotracheal intubation
under direct vision (63).

Numerous developments have been made in the last
decade combining fiberoptic technology with various con-
figurations of laryngoscope, with the goal of improving intu-
bation success, and decreasing the need to move the neck
when manipulating the airway. Such devices as the Bullard
Laryngoscope (Circon, ACMI, Stamford, Connecticut,
U.S.A.—see Volume 2, Chapter 29), and the WuScope
(Achi Corp., Dublin, California, U.S.A.) are representative
of this approach and have been in use for over a decade.
More recent innovations include the Augustine Fiberoptic
Scope (Augustine Medical Inc., Eden Prairie, Minnesota,
U.S.A.), and the AIRTRAQw Laryngoscope (Prodol
Meditec S.A, and King Systems Corp, Noblesville, Indiana,
U.S.A.) optical laryngoscope (Fig. 46). In recent simulated
difficult laryngoscopy scenarios, the studies, the AIRTRAQw

was shown to be more successful in achieving tracheal

intubation, required less time to intubate successfully,
caused less dental trauma, and was considered by the
anaesthetists to be easier to use (64). Clinical trials are now
underway.

One of the major factors in appropriate management of
the DA (in the general hospital population, as well as the
trauma population), is appropriate skill and experience of the
airway manager. With the introduction of the mannequins
and simulators, ample opportunity to utilize and practice the
different airway modalities discussed in the DA algorithm is
available. The development and widespread availability of
mannequins with renewable cricothyroid membranes would
provide much needed training in cricothyroidotomy and TTJV.

Also, computerized simulators can be programmed
for diverse scenarios and provide a safe, reproducible train-
ing environment (65). The introduction of simulators is
being used to educate resident staff in addition to others
who are involved in managing the airway to utilize all
the appropriate tools and to follow the necessary steps
in approaching the DA. Although the SimMan airway
differs from the human airway in some aspects (i.e.,
noncompliant airway, etc.), practice with BVM, LMA place-
ment, oropharyngeal/nasopharyngeal airways, and endo-
tracheal intubation can be satisfactorily accomplished
(66). Multiple small prospective studies have shown a
decrement in management problems with the use of the
simulator (Volume 1, Chapter 6). However, further studies

Figure 46 AIRTRAQw Laryngoscope (Prodol Meditec S.A , and

King Systems Corp, Noblesville, IN) optical laryngoscope. The

AIRTRAQw is engineered to be used without placing the patient’s

head and neck in the classic sniffing position. Accordingly, it has

potential advantages in patients following blunt trauma and

potential cervical spine injuries. (A) Schematic view of Airtraq

Optical Laryngoscopew with endotracheal tube (ETT) in position.

(B) Detail of the ETT channel and viewfinder. (C) Detail of the

Airtraq Optical Laryngoscope tip: the leftward arrow points to the

ETT; the light source and viewing lenses are located on the right

side of the image. (D) View of vocal cords as typically seen

through the viewfinder. Source: Figure courtesy of Prodol-King

Systems, U.S.A., and Dr. Pedro Barbieri, Buenos Aires,

Argentina.
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are needed to determine the utility of the simulator in
assimilating a trauma DA (67).

SUMMARY

Preparation is the first step in management of the difficult
trauma airway. Oxygen should be immediately applied for
the duration of the assessment and treatment phase. The
“code bag” should have all the necessary airway equipment
for securing the airway of the most difficult patient. If poss-
ible, a complete history and 11-step airway evaluation is
completed to elicit any predictors of difficult ventilation
and intubation. In the absence of such an opportunity, an
abbreviated exam of the upper incisors, mandibular space,
thyromental distance, neck length, and neck thickness can
briefly assess relative difficulty in the noncooperative
patient. If the airway is deemed to be difficult, an awake
intubation should be planned in the cooperative, stable,
and spontaneously ventilated patient (Table 12).

Regardless of technique, every intubation begins with
the appropriate patient preparation and positioning. The
optimal position is the “sniffing position” for RSI or the
head elevated to 458 for an awake-topicalized FOB tech-
nique. However, for the many trauma patients with sus-
pected cervical and lumbar spine injuries, in-line
immobilization, and full spine precautions dictate the
patient to remain flat and secure on the resuscitation table.

Ventilation is achieved with the appropriate sized mask
and with the aid of oropharyngeal or nasopharyngeal airways
and jaw thrust when indicated. In the CNI–CNV situation,
the use of LMA, ETC, TTJV, rigid ventilating bronchoscope,
or even a surgical airway is indicated. Direct laryngoscopy
and intubation is achieved with in-line cervical immobiliz-
ation and cricoid pressure in a standard RSI or modified
RSI technique with spontaneous or assisted ventilation.

In the trauma DA, certain adaptations to the ASA DA
algorithm are implemented in light of the very different clini-
cal scenario and comorbid injury. First, stopping airway man-
agement and returning at a later time is seldom a choice. The
surgical airway may be the best method. Also, awake intuba-
tions are performed in the cooperative, stable, and spon-
taneously ventilating patient with the DA. When the trauma
patient with a DA is unstable, uncooperative, or anesthetized,
SV should be maintained if possible. The five common
trauma difficult intubation scenarios are described above
and have their specific considerations. Several complications
of emergency airway management are well known and can
be prevented with the proper knowledge and use of different
equipment and pharmacological techniques.

Finally, the use of a trauma DA algorithm should
decrease airway management disasters as has the ASA DA
algorithm for anesthesia closed claims. These guidelines
will allow clinicians involved in trauma airway management
to provide the highest level of care and create new
equipment and education tools to improve DA management
and increase awareness.

The authors believe that this review of current
guidelines and algorithms for trauma airway management
constitutes required reading for all those who are involved
in the care of these patients. Practitioners who only
perform these services on a rare or intermittent basis will
also want to enroll in specific review courses and spend
time studying the contained algorithms in order to obtain
the information needed to practice safely.

KEY POINTS

As soon as a trauma patient is encountered in the field
or in the trauma resuscitation suite (TRS) O2 is immedi-
ately applied. Furthermore, O2 should be administered
throughout the trauma assessment and treatment
phase.
Optimum preoxygenation requires that 100% O2 be
delivered by a tight fitting mask during SV for three
to five minutes prior to administering drugs that
cause apnea.
Probably the best definition of difficult intubation for
documentation (from one anesthesiologist to another)
and for research purposes involves the grading of the lar-
yngoscopic views as defined by Cormack and Lahane (6).
The intent of obtaining an airway history is to elicit
previously known factors indicating that airway man-
agement has been (and likely will be) difficult.
Although trauma and other emergency conditions do
not always allow the time, an airway physical examin-
ation should be conducted prior to the initiation of
anesthetic care and airway management in all patients
whenever feasible.
The “sniffing position” is contraindicated whenever
C-spine injury is suspected. In these patients, the
head and neck are maintained in-line and immobilized
throughout airway manipulation.
The authors caution against attempting to blindly pass
an ETT through a functioning LMA due to the high
blind passage failure rate (18–20), and the risk of
doing harm to a tenuous airway.
RSI techniques were developed to minimize the likeli-
hood of regurgitation and aspiration.
The RSI technique can be modified in at least two major
ways: (i) institution of BVM ventilation prior to place-
ment of the ETT and (ii) allowing SV to be maintained
during placement of the ETT.
An “awake” intubation technique is recommended for
trauma patients with known or anticipated DAs pro-
vided they are cooperative, stable, and spontaneously
ventilating.
The LMA is not only an emergency aid used to establish
ventilation in the CNI–CNV situation, it can also serve
as a conduit for intubation once ventilation has been
established.
Generally, the largest FOB that will fit through the ETT
is best to maximize the ability of to pass the ETT
through a normal-sized adult glottis.
The Bainton Blade is useful in many situations where a
conventional rigid bronchoscope would be indicated.
In airway injuries involving a tear between the glottis
and the distal tracheo-bronchial tree, TTJV is absolutely
contraindicated because the PPV can cause a pneu-
mothorax, pneumomediastinum, or even convert a
partial airway tear into a complete airway separation.
Blind intubation techniques are contraindicated in the
setting of stridor, known mass expanding lesions, or
known partial airway injuries where blind manipu-
lation can change a partial airway obstruction into a
complete obstruction.
Successwith FOB-guided intubationrequires appropriate
patient selection and preparation along with appropriate
technique and adequate experience because conditions
can vary in different patients, requiring the skill of the
endoscopist to achieve success.
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When pressure-inducing laryngoscopic devices are
used to intubate awake patients, supplemental glosso-
pharyngeal nerve blocks should also be performed
(see legend in Fig. 33 for instructions).
When manipulating the FOB, it is useful to remember
that small movements at the end of the FOB result in
very large changes in the view that one has.
The ASA DA algorithm begins with recognition of
airway difficulty.
Whenever the patient is recognized to have a DA, the clin-
ician should consider securing the airway using an awake
technique, as long as the patient is cooperative, hemody-
namically stable, and spontaneously ventilating.
In the uncooperative patient, preinduction assessment
should have identified factors that might make intuba-
tion of the trachea difficult and the airway expert
should consider using a technique that maintains SV
despite the need for anesthesia.
Airway management considerations for the TBI patient
begin with the determination of acuity followed by
airway evaluation.
If the C-spine is known or suspected to be unstable, and
the patient is awake, cooperative and otherwise stable,
an awake intubation (optimally with an FOB) should be
pursued.
Awake intubation, with SV, is indicated for a major
airway tear because this avoids exposing the disruption
to PPV.
Mask ventilation may be made more difficult by maxil-
lary facial or mandibular injuries, even though intuba-
tion is typically achievable.
Regardless of the intubation technique performed, the
anesthesiologist must avoid disturbing a mass com-
pressing the airway, and the lesion must not be
allowed to obscure the view of the airway (53).
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INTRODUCTION

Exsanguinating hemorrhage is the major cause of early
death following trauma (1,2). Immediate large-bore vascular
access, aggressive intravascular volume administration,
along with simultaneous control of bleeding, are the only
known effective therapeutic maneuvers for massive hemor-
rhage. Rapid intravenous (IV) access also facilitates drug
administration; it can be useful in estimating the intravascular
volume and can expedite blood sampling of trauma victims.

The American College of Surgeons (ACS)-Committee
on Trauma (COT) has developed the Advanced Trauma
Life Supportw (ATLSw) program that advocates a systematic
approach to the trauma patient. The ATLS guidelines
prioritize preparation, triage, and evaluation, using
primary and secondary surveys, all occurring concomitantly
with resuscitation (3). The preparation requirements
(Volume 1, Chapter 5) include having personnel and equip-
ment promptly available to access the vascular system, and
to perform the other goals of initial management.

Resuscitation with fluids occurs after, or coincident
with, the management of airway and breathing. The first
step in fluid resuscitation requires the insertion of two
large-bore (minimum of 16 gauge) peripheral IV catheters.
The ATLS protocol also calls for an initial fluid bolus of 2 L
of lactated ringers (LR) or other isotonic crystalloid solution
for adults (20 mL/kg for pediatric patients); this should be
infused as rapidly as possible (3). This protocol is based on
the knowledge that hemorrhage is a potentially treatable
cause of death following trauma, and that early fluid treat-
ment improves success.

The American Heart Association has developed an
Advanced Cardiac Life Supportw (ACLSw) training program
that identifies seven advanced skills for resuscitators, of
which one is to gain IV access to the circulation (4). This
vascular access is then used to facilitate the other skills,
such as administration of fluids and drugs. ACLS treatment
protocols also include the use of IV cannulas for obtaining
venous blood samples for laboratory determinations, as well
as the use of central venous cannulas for physiologic monitor-
ing and electrical pacing (5). The ATLS protocols recommend

the use of central venous catheters for all of the above indi-
cations, and for the withdrawal of labs, cross-matching as
well as the infusion of blood.

This chapter reviews the determinants of IV flow rates,
the attributes and limitations of both peripheral and central
venous catheter (CVC) insertions as well as the consider-
ations for saphenous vein cutdown and the intraosseous
infusion of resuscitation fluids. The intratracheal route of
drug administration is also reviewed, along with the place-
ment and infusion considerations for special lines and
techniques useful in the trauma setting.

DETERMINANTS OF INTRAVENOUS FLOWRATE

The flow of liquids through an IV catheter is governed by a
number of physical factors, as described by Poiseuille’s law
(Equation 1), which states the rate of fluid flow is directly
proportional to the fourth power of the catheter radius and
the pressure gradient across the catheter and inversely pro-
portional to the length of the catheter and fluid viscosity (6).

Flow through catheter (Q) ¼ pr4(DP)=8nL (1)

where r ¼ radius, DP ¼ pressure gradient, n ¼ viscosity, and
L ¼ length.

In general terms, doubling the diameter of a catheter
increases the flow rate 16-fold. For these reasons, the ideal
rapid IV infusion system would consist of the largest diam-
eter and shortest length of catheter practically possible (7,8).
In addition, the fluid infused should be of the lowest poss-
ible viscosity and, to further maximize flow, it should be
delivered under the maximum pressure permissible.

Intravenous delivery flow rates of water through com-
monly used peripheral IVs compared with CVCs are sum-
marized in Table 1 (9). The maximum flow rate obtained
was 3158 mL/min for tap water and 3000 mL/min for
diluted packed red blood cells (PRBCs), respectively.
Increasing the pressure from gravity alone to 300 mmHg
and 600 mmHg increased flow rates 197% and 341%,
respectively. For an 8.5F catheter changing from standard
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to large-bore inflow tubing increased the flow rate 200%.
With the smaller diameter catheters, where the flow rates
were much lower under all conditions, the use of larger
bore tubing had less impact.

Several methods of increasing infusion pressure to
augment catheter flow rate have been employed. These
range from simply increasing gravitational force by elevat-
ing the fluid container to the utilization of a mechanical
pressurizing infusion device. The external application of
pressure to a compressible container or the use of a large
syringe connected to a pressure source (human hands) can
greatly increase the flow rate. These measures, while effec-
tive in rapidly infusing relatively small quantities of fluid
(e.g., 1–2 units of PRBCs), are labor intensive, and impracti-
cal for prolonged periods of rapid infusion. In-line manual
pump devices (Fig. 1) utilize low-tech one-way-valves,
are available on most blood infusion sets produced by most
manufacturers and are effective in achieving rapid infusion
rates for brief periods, but are inefficient by themselves
for extended periods of high-volume fluid requirements
(e.g., following rupture of aorta or other sources of massive
hemorrhage), because these are labor intensive.

Commercially available devices developed to con-
tinuously compress solution containers (Fig. 2) are more
practical for extended periods of rapid infusion (e.g., when

several liters are required as a bolus). Infusion rates
can be increased by a factor of three or more when the

infusion pressure is increased to 300 mmHg compared
with the simple gravity flow rates. The use of rapid infu-
sion systems, is the most effective means of accomplishing
rapid fluid resuscitation being capable of delivering greater
than 1 L/min with adequate venous access.

The most significant determinant of flow related to the
fluid itself is viscosity (also known as its resistance to shear
or flow). Flow is inversely proportional to the solution
viscosity. The units of viscosity are the Poiseuille (often
shortened to Poise). Most common liquids are listed as

Table 1 Mean Flow Rates (mL/min)a for Water at Different Pressures with Different Sized Tubing

Device Gravity 300 mmHg 600 mmHg

3.2 mm 5.0 mm 6.4 mm 3.2 mm 5.0 mm 6.4 mm 3.2 mm 5.0 mm 6.4 mm

8.5 French CVC 245 698 822 645 1875 2143 1000 2857 3158

14-Gauge IV 194 387 423 577 968 937 857 1276 1463

16-Gauge IV 151 214 233 448 571 588 652 759 750

aRepresents 95% confidence intervals.

Abbreviations: CVC, central venous catheter; IV, peripheral intravenous catheter.

Source: Adapted from Ref. 9.

Figure 2 Pneumatic external pressurized intravenous infusion

system by Level-1 (Level-1 Inc., Rockland, Maryland, U.S.A.).

This, and other similar commercially available devices, provides

for a continuously compressed solution container.

Figure 1 In-line manual intravenous (IV) infusion pump device.

One-way valves allow fluid to be pumped from the IV bag and

drip chamber (top of figure) toward the patient (not shown).

198 Johnstone et al.



centi-Poise (cP). Water has a viscosity of 1.002 cP. Colloid
solutions have much higher viscosities than crystalloid sol-
utions. The viscosities of commonly infused resuscitation
solutions vary from 1.0 cP for LR solution, to 4.0 cP for hetas-
tarch, to 40.0 cP for 5% albumin. Though colloids flow as
much as 75% slower than crystalloid solutions, flow rate
alone should not be the solitary factor considered when
choosing the optimal fluid for resuscitation. Clinical advan-
tages (including intravascular dwell time, effect on coagu-
lation, and so on) must also be considered. Other
theoretical considerations such as the need to replete intra-
cellular water as well as the initial intravascular volume,
and the effect(s) on inflammatory mediators, are also import-
ant in some patients (as reviewed in Volume 1, Chapter 11).

The viscosity of blood increases in a nonlinear
fashion with increasing hematocrit (Fig. 3) and decreasing
temperature. Warming and diluting blood prior to
administration will maximize its flow characteristics.
Indeed, warmed diluted PRBCs were infused almost two
times faster in one study (642 vs. 340 mL/min) (10). Increas-
ing infusion pressure and utilizing large bore tubing and
catheters can mitigate the negative effect of higher viscosity.
Piggybacking blood into an existing IV line (itself running at
full capacity), rather than infusing it directly into the cath-
eter, decreased the blood flow 94% in this study. This is
not surprising as two sources of flow were forced to exit
only one output source.

Blood infusion also generally requires the use of filters
with 80 to 200 m pore sizes to eliminate large particulate
matter (macro aggregates) from entering the patient’s circu-
lation. Changing these filters frequently (i.e., after every 6–8
units of PRBCs) helps to maintain maximal flows. Filters
smaller than 40 m are needed to begin removing the micro-
aggregates, (preferably 20–10 m). But these small pore filters
slow down the fluid administration rate so dramatically
that they are impractical during resuscitation for trauma,
particularly during massive blood transfusion situations.

PERIPHERAL INTRAVENOUS ACCESS
General Considerations

Initial IV access is generally most easily and safely
accomplished by the peripheral route. Individuals with
modest degrees of experience can usually accomplish the per-

ipheral insertion of two large bore (i.e.,�16-gauge) IV catheters
in patients who are intravascularly replete. However,
cannulation becomes more difficult in patients who are
hemorrhaging, because their volume status is decreased
and their sympathetic tone is increased, both factors resulting
in diminution in the caliber of the peripheral vein.

In the prehospital setting, peripheral veins are the
most practical sites of access, because time to place central
lines and ability to treat complications are nonexistent. The
initial objective is to secure the largest catheter feasible.
While placement of an 8 or 9 F introducer via central
access allows superior flow, a short peripheral 14- or 16-
gage catheter performs relatively well in all but the most
critical of situations. Generally, a distal extremity is preferred
as the initial access attempt site, because in the event that
access is not successfully accomplished, no fluid will leak
into the soft tissue from a subsequent successful cannulation.

The site of injury must be considered when selecting
an appropriate vein for IV cannulation. The primary issues
that should be considered regarding the site of injury are
the presence of an intact circulatory system proximal to the
IV access site and the feasibility of physically gaining
access to the proposed site. Venous access in an upper extre-
mity is generally preferred to a lower extremity in patients at
risk for blunt abdominal or pelvic trauma. In the presence
of significant vascular injury of the extremity, placement of
an IV catheter distally is obviously risking failure of the IV
solution to enter the central circulation. In addition, extrav-
asation of infused fluid into an extremity due to vessel
disruption can cause or exacerbate a compartment syn-
drome, adding secondary injury to the traumatized limb.
For these reasons, significant extremity trauma essentially
precludes the use of that appendage for IV access.

In the event of abdominal or pelvic trauma, access
should be obtained in upper extremities. Central access
by the femoral route is acceptable if it is the only choice
but is generally regarded as a secondary or tertiary choice.
Rather, cannulation of a tributary draining into the superior
vena cava (SVC) is the most optimal choice for central
venous access. The use of vein sites draining into the inferior
vena cava (IVC) is also avoided when the IVC is severed by
the trauma or if surgery will involve clamping the area (thus
preventing vascular access during that time). Head or neck
trauma often precludes internal or external jugular cannula-
tion, because proper positioning of the neck (i.e., rotation and
slight extension) can cause or exacerbate a cervical spinal
injury (Volume 1, Chapter 15), and neurosurgeons often
prefer that the internal jugular (IJ) flow be unimpeded follow-
ing traumatic brain injury (TBI) to minimize the possibility of
obstructing cerebral venous drainage with the resultant
increased intracranial pressure (ICP). Femoral or subclavian
access to the central circulation become the primary choices
following head or neck trauma.

Technique
Technique for peripheral IV cannulation involves placing a
tourniquet on the extremity proximal to the insertion site.
Most commonly, a latex band (or penrose drain) is utilized
for this purpose. The tourniquet should be secured with
minimal pressure, for example, just tight enough to impede
venous flow, thereby causing engorgement of the venous
system, while loose enough to preserve the higher-pressure
arterial flow. A more effective, but less commonly used tech-
nique is the placement of a manual sphygmomanometer
on the proximal extremity, inflated to approximately 20 to
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Figure 3 Demonstration of the increasing viscosity of infusate

that occurs with increasing hematocrit. Viscosity is further

increased with decreasing temperature.
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30 mmHg. This target inflation pressure is 60 to 80 mmHg
lower than systolic pressure, thus promoting vascular
engorgement. This technique results in dramatically
greater venous distention, sometimes facilitating cannula-
tion with a larger bore catheter, than is possible with the
more common penrose drain technique. Application of a
disinfectant, generally alcohol or povidone–iodine solution
over the insertion site, should always be employed. The IV
catheter is then introduced and secured with tape and/or
an appropriate dressing.

Peripheral IV catheters should be changed within
24 hours following the initial resuscitation, unless sterile
insertion is guaranteed. Periodic changing should sub-
sequently occur during hospitalization to minimize infec-
tious and thrombotic complications. Complications related
to peripheral IVs are not uncommon and can result in
morbidity and increased healthcare costs from prolonged
hospitalization, extended antibiotic therapy, and occa-
sionally surgical intervention (11). Other complications of
peripheral catherization include infiltration of fluid, com-
partment syndrome, nerve injury, and so on. Some form of
the complication can result from peripheral catheters in
20% to 80% of patients treated with them, according to
surveys involving careful supervision (12,13). One group
recommends using the cephalic vein at least 12 cm above
the level of the styloid process of the radius to avoid
damaging the sensory branches of the radial nerve during
cannulation (14). This recommendation is also endorsed by
the authors, because inadvertent impailment of the radial
nerve during cannulation of the so-called “intern’s vein”
can cause prolonged episodes of neuralgia and chronic
pain syndromes.

Peripheral IV catheters can also be placed and
changed over a thin guide wire, the Seldinger technique,
and numerous commercial products are available to facili-
tate this. This technique is very useful for exchanging a
large catheter for one with a small bore in order to facilitate
flow. Guide wires are now available for nearly all catheters,
including arterial, CVCs, and coronary stents (15). The
Seldinger technique is most commonly used to gain access
to the large central veins.

CENTRALVENOUS ACCESS
General Considerations
In the United States physicians currently insert more than 5
million CVCs every year (16). Central venous catheterization
is utilized in trauma and critical care for fluid resuscitation,
monitoring, infusion of vasoactive drugs, and also for
administration of compounds that are caustic to small
peripheral IVs [e.g., potassium, calcium, and high osmolality
solutions such as total parenteral nutrition (TPN)].

Haynes et al. (17) demonstrated that the flow through an
8 F introducer (used for placement of a Swan–Ganz catheter)
is considerably greater than a 14-gauge peripheral catheter.
Before the introduction of these devices, CVCs were of com-
parable diameter to peripheral IV lines and of considerably
greater length (and thus higher resistance). These early
CVCs were well suited for pressure monitoring and adminis-
tration of drug infusions (administered at relatively slow
rates), but resistance to flow was considerable. For that
reason, rapid fluid replacement was more effective using
large-bore peripheral IV catheters. With the development of
large-bore introducers (placed aseptically and expeditiously),

rapid central venous infusion of resuscitation fluids has
become practical and is now widely employed.

Another previous impediment to the use of central
lines was the initial experience demonstrating difficult
access and high (14–15%) complication rates associated
with trauma patients (18,19). Others had lower complication
rates in trauma (7.8–0.7%) (20–22). Most found that the com-
plication rates reflected the experience level, with inexperi-
enced physicians having more than twice the complication
rate of the experienced physicians (23).

Scalea et al. (21) found no difference in the number of
attempts needed for CVC insertion between hypotensive
and normotensive trauma patients. The overall success rate
was 99% in patients who had unsuccessful peripheral IV
cannulation or inadequate resuscitation via the peripheral
route alone (21). In experienced hands, the risk/benefit
ratio of CVC insertion in the trauma patient is such that
placement of 8 to 9 F, and larger, introducers, has become
the technique of choice for fluid resuscitation in the critically
hypovolemic patient.

Common cannulation sites for CVCs include the IJ and
subclavian or femoral veins; the axillary vein can also be
used (24). Choice of site depends on the site of injury, con-
sideration of potential complications, and experience of the
physician. The site of injury is generally the first consider-
ation when deciding on the appropriate site of central
venous access. As previously discussed, the preferred site
of cannulation is remote from the site of major injury.
Optimal patient positioning for venous access and sub-
sequent treatment of the injury can be impeded by improper
choice of insertion site. Potential complications, including
pneumothorax, infection, air embolus, and arterial puncture,
vary with site selection and must be considered in the
context of the clinical presentation. Individual experience
must also be considered, as securing venous access expedi-
tiously is of utmost importance in the trauma setting.

Complications
Although as many as 15% of patients who receive CVCs
may sustain complications, significant adverse effects occur
less frequently (16). Complications of CVCs can be classified
into mechanical, thrombotic, and infectious types. Catheter-
related bloodstream infection is particularly important,
because it is the second most common cause of nosocomial
infection in the intensive care unit (ICU) and considerably
increases the costs of hospitalization (25,26). Up to 90% of
catheter-related bloodstream infections originate from
CVCs (27). Single-lumen catheters cause a lower rate of
bloodstream infection. One study shows that for every 20
single-lumen catheters used, one bloodstream infection
will be avoided that would have occurred if multi-lumen
catheters were used (28). The anesthesiology closed-claims
database shows that claims for central catheter injuries had
a higher severity of injury, with an increased proportion of
death (47%) compared with other claims in the database
(29%, P , 0.01). The most commonly litigated complications
included pneumothorax, hemothorax, carotid artery punc-
ture/cannulation, cardiac tamponade, and wire/catheter
embolus (29).

After placement, CVCs must be firmly secured to
prevent accidental dislodgment during resuscitation. An
important principle is to take generous bites of tissue with
the stitch to ensure the catheter is well secured to the subcu-
taneous tissues. In terms of reducing infections, the use of
monofilament nylon suture is superior to silk or synthetic
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braided suture, which can harbor organic material in the
intersticies. However, silk is easier to tie and requires less
knots to be secured (i.e., it is faster to tie). New staple
devices have been introduced that secure CVCs more
quickly and as effectively as sutures (30).

Internal Jugular Vein Catheterization
General
The IJ vein lies posterior to the sternocleidomastoid muscle
and anterior and lateral to the carotid artery. Its constant
relationship to these structures in the neck makes catheteri-
zation of this vessel practical in the acute trauma situation
(Fig. 4). However, in the setting of known or suspected cer-
vical spine injury, the neck should remain in a neutral
midline position, thereby impacting the technique generally
employed by most practitioners (see below).

Advantages and Disadvantages
The IJ vein is the site of choice in most clinical situations for
the following reasons: (i) access to the IJ vein is accom-
plished with the operator at the head of the patient; (ii) inci-
dence of pneumothorax is low; (iii) proper placement of the
tip of the catheter in the SVC is more common than from the
subclavian approach; and (iv) placement of a pulmonary
artery catheter through an existing introducer when indi-
cated is most readily achieved.

Because of the low incidence of pneumothorax and
likelihood of proper placement, immediate chest X ray is
not mandatory after IJ catheter placement in the operating
room (OR) prior to use. However, as soon as time allows, a
chest radiograph should be obtained. Anatomic variation
of the IJ vein is minimal, making access in this area relatively
uncomplicated. In the event of difficulty, catheterization by
this approach can be aided by ultrasonic guidance (31).

Disadvantages of the IJ approach include relative
patient discomfort (as compared to the subclavian approach),
when the catheter is left in place for an extended period, and
difficulty in maintaining an intact dressing as a result of neck
movement. This approach is not practical in trauma to the
head and the neck, as appropriate positioning may cause
complications in patients with cervical fracture, or the cath-
eter may be in the field if head or neck surgery is eventually
undertaken.

Complications
Complications of IJ catheterization include arterial (subcla-
vian or carotid) puncture, infection, pneumothorax, and
cardiac dysrhythmias including right bundle branch (and
occasionally complete) heart block (32). Carotid artery punc-
ture with a small-bore needle is seldom a problem and is
generally controlled with direct compression. When injury
is caused by a large-bore (e.g., 16-gauge) needle, hemostasis
can be more difficult, and a significant hematoma can

Figure 4 Internal jugular (IJ) vein anatomy and cannulation technique (anterior view). Thirteen approaches to the IJ vein that are docu-

mented in the literature are depicted in the figure. The authors only recommend the so-called “middle approach” (explained in the text),

which corresponds to numbers 3, 6, 7, 10, and 13 and not the anterior approach (increased risk of carotid artery injury (numbers 1, 11). The

posterior (numbers 2, 4, 5, and 12) approach is not recommended, but is explained in the text. If trouble is encountered using the middle

approach, two-dimensional Doppler ultrasound guidance should be used for assistance. Source: From Ref. 82.

Chapter 10: Intravenous Access 201



develop despite direct compression (particularly in a coagu-
lopathic or anticoagulated patient). In this case, attempts to
cannulate the opposite IJ vein are generally less preferable
than proceeding to the ipsilateral subclavian vein, as bilat-
eral carotid hematoma can cause tracheal compression
with resultant airway compromise. If the airway has been
secured with an endotracheal tube, this consideration is
less important.

While pneumothorax is uncommon when employing
the IJ approach, it can occur and must be considered as a
potential complication. Accordingly, it is often best to
make the central line attempt on the same side as any exist-
ing chest tube in order to decrease the likelihood of injuring
the normal lung.

Infection is a potential complication when introducing
any indwelling device. While infection is not a major con-
sideration in the acute trauma period, the potential must
be considered in the post-trauma setting, and catheters
must be changed at appropriate intervals. Additionally, cath-
eters introduced in the acute trauma setting are often placed
under suboptimal conditions, and replacement should be
undertaken when the condition of the patient stabilizes.
Cardiac dysrhythmias may result from atrial or ventricular
stimulation by the guide wire. Generally, withdrawal of
the wire results in the cessation of the dysrhythmia but, on
occasion, definitive treatment beyond wire withdrawal
may be necessary.

Technique 1: Middle Approach
The IJ vein may be approached using three techniques: the
anterior, the middle, and the posterior approaches. The
anterior approach is seldom used and will not be further dis-
cussed in this section. The middle approach to the IJ vein is
the most commonly employed. It has gained popularity as
a result of a number of factors. The approach is most
easily employed with the operator at the head of the bed,
the vessel lies relatively superficial in the triangle between
the two heads of the sternocleidomastoid muscle, and
the carotid artery is generally easily palpable from this
approach, making inadvertent puncture easily avoided
in most instances.

The right IJ is most commonly used, as advancement to
the SVC is essentially a “straight shot,” resulting in relatively
easy placement after puncture of the vein. Inadvertent
carotid artery puncture can occur when attempting catheteri-
zation of the left IJ vein; making this a less desirable, although
viable alternative. The increased incidence of carotid injury
puncture is due to the greater overlap of the IJ vein and
carotid artery on the left as compared to the right (33).

The patient is placed in the supine position with the
head flat and rotated 308 to 408 toward the contralateral
side (less in obtunded patients at risk of cervical spine
injury). Ideally, a chest roll is placed under the shoulders,
facilitating extension of the neck (unable to do in C-spine
or T-spine injured patients). Trendelenberg position (158 to
208) is utilized to accomplish venous engorgement, facili-
tating catheterization (often omitted in TBI patients with
increased ICP). Placing the patient in Trendelenberg position
is particularly useful in the hypovolemic patient. After the
area is sterilely prepped and draped, the anterior and pos-
terior heads of the sternocleidomastoid muscle are palpated
and followed in a cephalic direction until they converge. In
the conscious patient, a 22- or 25-gauge needle is used to
infiltrate local anesthesia into the skin and subcutaneous
tissue. The planned point of needle entry is near the apex

of the triangle formed by the heads of the sternocleidomas-
toid muscle at the level of the cricoid cartilage. The carotid
artery is palpated in the triangle, and the needle is inserted
immediately laterally.

After a skin wheal is raised, the needle is advanced
toward the ipsilateral nipple, infiltrating the subcutaneous
tissue as the needle is advanced. Generally, use of a 3-cm
needle will allow location of the IJ vein (which in most
adult patients is about 1.5 cm below the skin surface), and
aspiration is used to confirm the location of the vessel.
Location of the IJ vein with a small-bore “finder” needle
will minimize carotid artery injury in the event of inadver-
tent puncture.

In the event the IJ is not encountered with the “finder”
needle, surface ultrasound should be utilized (31). The Site-
RiteTM device (Volume 1, Chapter 17, Figs. 10A–E) is a com-
mercially available two-dimensional (2-D) ultrasound
system that allows clear visibility of the IJ vein and the
nearby carotid artery. Some authors believe that a 2-D ultra-
sound device should be used for all IJ vein catheterizations.
Indeed, a recent meta-analysis supports this contention, as
there is a lower overall failure rate, higher first-time cannula-
tion rate, and lower incidence of cannulation with use of 2-D
ultrasound (31).

However, the urgency to place lines in many trauma
scenarios does not always allow the luxury of using ultra-
sound guidance as the initial approach. The ultrasound
is less often required with experienced operators. A
reasonable approach for experienced operators in the
setting of the trauma patient is to attempt IJ cannulation,
using the usual surface anatomy markers initially and to
have the ultrasound available for use if any difficulty is
encountered.

Once the IJ vein is identified (with “finder needle or
ultrasound), an 18-gauge thin wall needle is then advanced
into the IJ vein, and venous blood is aspirated to confirm pla-
cement. Next, a J-tip guide wire is passed through the thin
wall needle. Use of the J-tip guide wire assists in smooth
advancement while minimizing trauma to the vessel.

Before proceeding with the advancement of the dilator
or placement of the catheter, it must be ensured that carotid
puncture has not been mistakenly accomplished. Venous pla-
cement can be confirmed by aspiration of dark, venous blood,
but preferably by measuring intraluminal pressure by
advancing a temporary 18g teflon catheter over the indwel-
ling J-wire and subsequently attaching a sterile tubing to
the temporary catheter, and determining hydrostatic
pressure by the height and pulsitility of the blood that
fills that catheter. If the vein is catheterized under direct
ultrasound guidance using ultrasound, additional confir-
mation of venous cannulation is unnecessary. After confir-
mation of proper cannulation of the vein, a guide wire is
passed back through the temporary teflon catheter, and the
catheter is removed, keeping the guidewire in place.

The skin insertion site is then punctured with a
number 11 scalpel to facilitate introduction of the catheter
through the dermis and subcutaneous tissue. After puncture
of the site, a rigid dilator of comparable diameter to the cath-
eter is advanced over the indwelling J-tip guide wire to
expand the soft tissues and allow passage of the flexible
catheter. The dilator is immediately removed and replaced
with the indwelling catheter. During the entire procedure,
the guide wire must remain in the operator’s control to
prevent complete advancement into the vein and thereby
into the superior vena cava. After advancement of the cath-
eter to the proper depth, the guide wire is removed, and the
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catheter is firmly secured with suture, and a sterile dressing
is placed.

Another recently recognized phenomenon that
increases the utility of ultrasound during initial cannulation
is the migration of the IJ over the carotid artery after the
placement of a laryngeal mask airway (LMA) (34). This is a
less common situation for the trauma patient but could con-
ceivably occur during difficult intubation situations. In these
cases, the IJ cannulation is facilitated using the ultrasound.

Technique 2: Posterior Approach (Alternate)
In the posterior approach to the IJ vein, the head is rotated
toward the contralateral side, and the posterior border
of the sternocleidomastoid muscle is palpated. At the level
of the thyroid cartilage, the introducer needle or catheter
is advanced from that point toward the contralateral
nipple until the vein is entered. This technique is otherwise
identical to that described above for the middle approach. In
this plane, the IJ vein lies slightly anterior to the carotid
artery; it is preferable to begin probing with the small-bore
needle anterior to the IJ vein to locate it before contacting
the carotid artery, thereby minimizing the incidence of
carotid puncture.

Subclavian Vein Catheterization
General
The subclavian vein lies posterior to the clavicle and anterior
to the subclavian artery (Fig. 5). The anatomic relationship of
these structures dictates the parameters of insertion. The
subclavian vein approach is well suited for central lines
requiring use over extended periods of time, because these
lines are more secure (not associated with a moving neck)
and more comfortable for the patients. Surgeons generally
have more experience with subclavian vein lines than with
the IJ vein approach, and therefore more often select subcla-
vian vein catheterization in critical situations.

Advantages and Disadvantages
A major advantage to the subclavian approach includes a
relatively low infection rate. If the catheter is intended
to remain in place for an extended period, it is more comfor-
table for the patient, and maintenance of a sterile dressing is
less problematic as a result of the flat surface at the site of
insertion and lack of movement as compared to the IJ or
femoral site. Infection rate is lower than that experienced
with the alternative sites, most likely as a result of the ease
of maintenance of sterility. However, there is also a generally
lower bacterial colony count on the skin overlying the sub-
clavian insertion site compared to the neck and groin (sites
for the IJ and femoral vein cannulation, respectively).

Disadvantages of subclavian catheterization are the
potential severity of inherent complications, comparative
difficulty in positioning the tip of the catheter in the superior
vena cava, and limited ability to use in the setting of head,
neck, and thoracic trauma (as with the IJ approach).

Complications
Complications of subclavian vein catheterization include
pneumothorax, hemothorax, hemopericardium, and bra-
chial plexus injury. Complication rates range from 0.3% to
12%, depending upon the experience of the physician and
the definition of complication (35). Pneumothorax occurs
more commonly with the subclavian vein approach
because of the proximity of the apex of the lung to the
vessel. Hemothorax can occur as a result of subclavian
vein breech or subclavian artery puncture; the position of
the artery behind the clavicle makes compression after arter-
ial injury ineffective in most cases. In rare instances, cardiac
tamponade can occur following aortic puncture (36).
Brachial plexus injury is also possible as a result of
needle-induced injury. Despite these potential
complications, subclavian vein catheterization appropria-
tely remains a viable choice, especially in experienced

Figure 5 Subclavian vein anatomy and cannulation technique—seven approaches to the subclavian vein that are documented in the

literature. The authors do not recommend the superior approach (numbers 5, 6, or 7), rather support the inferior approach with entry

points similar to those shown with numbers 2, 3, or 4, and not the very lateral approach shown with number 1. The favored approach is

described in the text. Source: From Ref. 82.
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hands where mechanical complication rate (chiefly pneu-
mothorax) is ,1%.

Technique
The skin preparation and patient positioning technique pre-
viously described for the IJ vein approach are the same
except, in patients who are clinically (and radiographically)
cleared of cervical, thoracic, and lumbar spine injuries, a
towel is rolled and placed longitudinally oriented (i.e., paral-
lel with the long axis of the patient), posteriorly under the
thoracic spine, between the scapula, thereby causing the
patient’s shoulders to achieve a more posteriorly oriented
position and helping the anterior chest become more
convex to facilitate subclavian vein cannulation.

A 16- or 18-gauge thin wall needle attached to an
empty 10 mL syringe is inserted at a point, two finger
breadths below the clavicle, at the junction of its distal
one-third and proximal two-thirds. From this insertion
point, the needle is passed underneath the clavicle, aiming
toward the sternal notch. The needle should be advanced
at as acute an angle with the chest wall as possible to mini-
mize the likelihood of entering either the subclavian artery
or apex of the lung, both located immediately posterior to
the subclavian vein.

Once venous blood is aspirated, the thin-wall needle is
held steady, and the syringe is disengaged, followed by
insertion of the J-tip guide wire. After successful passage
of the guide wire, the thin wall needle is removed, and the
skin insertion site enlarged with a scalpel stab immediately
adjacent to the guidewire. The subclavian vein tract tends to
require more extensive tissue dilation than the IJ approach.
Accordingly, the dilator is initially passed over the guide
wire once without the introducer and, when a 9 fr introducer
is planned, the 9 fr introducer together with the dilator is next
passed over the guide-wire as a unit (second dilation of the
tract). Once the introducer is in place, the dilator and the
guide wire are removed together as a unit, and the self-
sealing diaphragm of the indwelling catheter prevents blood
spillage or air entrainment.

Blood is then aspirated and flushed with saline sol-
ution containing heparin to assure functioning of the
system, and the introducer is secured with suture (as
described for the IJ). Retrograde passage of the guidewire
and the subsequent catheter into the external jugular vein
or contralateral subclavian can occasionally occur. For
this reason, as well as for the relatively high incidence of
pneumothorax with the subclavian approach, portable
chest X ray should be performed as soon as feasible after
placement.

Femoral Vein Catheterization
General
The femoral vein lies in the femoral sheath immediately
medial to the femoral artery (Fig. 6). As a result of this ana-
tomical relationship, use of the femoral vein for central
venous access is relatively easy to accomplish. While this
approach is used less frequently than the jugular and the
subclavian approaches, it remains a viable alternative in
the proper clinical situation.

Advantages and Disadvantages
Advantages of femoral vein catheterization are its use in
injuries to the head, neck, and upper trunk and its remote
location from the lung, eliminating the possibility of

pneumothorax. Disadvantages include the potential lack of
efficacy in abdominal and pelvic trauma with major vascular
injury, increased incidence of infection as compared to other
sites, and a significantly increased risk of DVT from the
important lower extremity and pelvic veins (37,38).

Complications
Complications of femoral vein catheterization are infection
and hemoperitoneum as a result of inadvertent arterial
puncture proximal to the inguinal ligament. As in the case
of the subclavian approach, direct compression of a punctu-
red iliac artery may not control hemorrhage.

Technique
Using the skin preparation technique previously described
for the IJ vein approach, the femoral vein is located by pal-
pating the femoral artery distal to the inguinal ligament.
Using the mnemonic NAVEL, which describes the lateral

Figure 6 Femoral vein anatomy and cannulation technique,

femoral vein catheterization. The leg should be positioned in

external rotation and 308 abduction. The skin is entered at a

458angle, 3 cm below the inguinal ligament and 1 cm medial to

the maximal femoral artery pulsation. Source: From Ref. 82.
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to medial relationship of the femoral nerve, artery, vein,
empty space, and lymphatics, is helpful when teaching trai-
nees. The introducer needle or catheter is placed on the skin
surface medial to the artery and advanced until venous
blood is aspirated. Cannulation is accomplished over a
guide wire as described by Seldinger.

SAPHENOUS VEIN CUTDOWN

Placing catheters in peripheral veins is a common clinical
procedure. Placing them in trauma patients, who may
have collapsed veins from hypovolemia, can prove difficult.
Two techniques, useful as alternative methods to access the
circulation, are the saphenous vein cutdown and intra-
osseous puncture (particularly useful in children).

The saphenous vein drains the inner side of the foot
and receives branches from the dorsal venous area of the
foot before running upward along the inner side of the calf
and thigh (Fig. 7). The saphenous vein is accessed at the
ankle by making a transverse incision 1 to 2 cm anterior to
the medial malleolus. After ligating the distal vein, a catheter
is threaded through a venotomy and generally secured with
another ligature. This technique was described in 1945 by
Kirkham and has been used since with a high success rate
by those experienced in it (39). The large saphenous vein is
reliably found and catheterized in this location.

Accessing it early in trauma care usually causes
minimal disruption of other clinical care. Complications
include cutting the nearby saphenous nerve and thromboph-
lebitis from prolonged use of a leg vein. Emergency person-
nel in the prehospital setting have successfully used
saphenous vein cutdown, but this is only recommended in
the prehospital systems where physicians are present
(chiefly in Europe) (40). Saphenous cutdown has been
widely employed by trauma clinicians in and outside the
United States (41,42). However, over the last decade, percu-
taneous femoral vein catheterization has been increasingly
utilized. Indeed, percutaneous femoral catheterization can
be performed much more rapidly than saphenous cutdown
in the critically ill trauma patients with a palpable femoral
pulse (helping to provide an anatomic landmark) (43). The
more rapid cannulation via the femoral vein compared to a
saphenous vein cutdown allows for more rapid initiation
of fluid administration (43).

INTRAOSSEOUS INFUSION

Both ATLS and ACLS protocols employ intraosseous
infusion for the resuscitation of children when venous

access is difficult. Guidelines include going to intraoss-
eous access (Fig. 8) if no peripheral IV catheter has been
established within three tries (5) and before attempting a
central line placement (3). Although initially employed in
adults, intraosseous infusions have been generally relegated
to use in children �6 years of age, (generally the most chal-
lenging for IV access). During the last decade, however, the
technique of intraosseous infusion has been re-emphasized
for use in adults without venous access (44). Success rates
are so high that intraosseous infusion has been advocated as
the preferred technique in some special circumstances, such
as the treatment of chemical warfare casualties where resu-
scitators must wear protective equipment that diminishes
manual dexterity (45).

The center of long bones contains a spongy network of
venous sinusoids that exit through collecting veins to enter
the main venous system. The noncollapsible structure of
bones holds the sinusoids open and means that fluids intro-
duced into the marrow space appear quickly in the vascular
circulation (46). The center of any bone should work, but

Figure 8 Intraosseous needle in proximal anteromedial tibia,

a diagrammatic representation of intramedullary needle place-

ment in infants and children. A point 2 cm (two fingerbreadths)

below the tibial tuberosity is selected. The needle is directed dis-

tally to avoid the epiphyseal growth plate. Source: From Ref. 84.

Figure 7 Saphenous vein anatomy and cannulation technique.

The greater saphenous vein is the preferred site for cutdown can-

nulation in the lower extremity. (A) Cutdown may be performed at

any point along the greater saphenous vein, if necessary. (B) The

distal saphenous vein is the preferred site for cutdown. Source:

From Ref. 83.
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long bones have larger cavities and greater uptake abilities.
Sternal and femoral cavities have been used, but the
favored site is the tibia. This bone has a long cavity, little
tissue overlying it, and lies away from the head and neck
areas involved in airway management.

A good technique is to puncture the anteromedial tibia
(Fig. 8) one inch below the tibial tuberosity, using a commer-
cially available intraosseous needle (47). These needles have
a short shaft to prevent them from being inserted too deeply
and wings to facilitate taping. A standard 16- or 18-gauge
needle can also be used. Entry into the marrow cavity is
felt as a pop or sudden loss of resistance and is confirmed
by the aspiration of blood (48).

Intraosseous infusion has been used in the United
States for more than 50 years. Heinild, in 1947, reported a
high success rate in a series of 1000 children (49). Success
rates now approach 85% in children and 50% in adults
(50). A bone injection gun that introduces a 15-gauge trocar
needle into the adult tibia permits high success rates in
adults (51). A variety of complications can occur with
intraosseous infusion (Fig. 9), but proper technique, with
attention to detail, results in a minimization of these poor
outcomes.

Blood sampled from intraosseous sites can show
different values than blood sampled from central veins,
but the intraosseous route can be used for administration
of common resuscitation drugs, such as epinephrine. Prehos-
pital personnel can be successfully trained to perform
intraosseous access, including the proper use of the bone
injection gun (40). Intraosseous techniques are widely refer-
enced for use in trauma patients (52).

INTRATRACHEAL ADMINISTRATION OF DRUGS

The “A” in the A-B-C of resuscitation refers to airway, which
may mean that an endotracheal tube is in place before an IV
catheter. Resuscitation observers have thus learned that

many drugs can be effectively administered through the
endotracheal tube into the richly vascularized lungs. ACLS
protocols advise that the dose of intracheally administered
drugs be increase by a factor of two or three over the IV dose
and diluted to 3 to 5 mL before injection down the endotra-
cheal tube (5). Lipid-soluble drugs are absorbed best. These
include lidocaine, atropine, naloxone, and epinephrine.

OTHER INFUSION CONSIDERATIONS

As mentioned earlier, applying pressure to fluid bags will
speed their rates of infusion. Pressure sources range from
hand-inflated airbags that squeeze the IV bag (Fig. 10) to
those driven by hospital piped-air systems at 50 psi.
Driving pressures greater than 50 psi increases the risk of
bag rupture and are generally not used. Figure 11A shows
an example of a rapid infusion system, the Level 1 Rapid
Infuser, driven by piped gases. The most rapid infusion
though is obtained with roller pumps that drive fluid
through IV infusion lines. Figure 11B shows an example of
a commercially available infusion pump, the Belmont
Fluid Management System Rapid Infuser. Its manufacturer
claims it will warm IV fluids to physiologic temperature
and pump them at rates from 10 to 500 mL/min.

Rapid infusers with a roller pump assembly engineered
for cardiopulmonary bypass allow volumes up to 5 L/min to
be pumped to the patient. The fluids pumped through these
devices can be warmed above body temperature at these
high flow rates by using the powerful heat exchangers devel-
oped for cardiopulmonary bypass. Only clinicians experi-
enced with their use and complications should operate these
rapid infuser devices. Some major catastrophes that can
occur if used by untrained clinicians include air embolus
and vascular rupture, resulting in compartment syndromes.
However, the capability to infuse large volumes of warm
blood warrants their consideration in the proper setting.

Use of high-volume rapid infusors requires the equiv-
alent of at least two 9-F infusion sites with tight-fitting and
locking connectors, along with someone to run the system.
Most institutions assign a dedicated perfusionist or a

Figure 9 Intraosseous needle complications, a schematic

diagram of possible problems encountered with intraosseous

infusions. (A) Incomplete penetration of the boney cortex. (B)

Penetration of the posterior cortex. (C) Fluid escaping around

the needle through the puncture site. (D) Fluid leaking

through a nearby previous cortical puncture site. Source:

From Ref. 84, p. 336.

Figure 10 Hand-inflated airbag used to externally squeeze

fluid bag for intravenous infusion. When used with conventional

fluid preparations, this system carries a high risk of air embolus.
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cardiovascular technician to run the rapid infuser. This per-
fusionist should not have other responsibilities (other than,
perhaps, to run the cell saver). This person will need to
keep the infusion hopper full with banked blood, fresh
frozen plasma, colloids, and cell saver blood as needed
and should infuse only when instructed by the anesthesiol-
ogist in the OR. Compartment syndrome can occur after
pressurized infusion, and when it compromises blood flow
should be treated (53).

Pump infusion is sometimes combined with collection
and reinfusion of the patient’s own blood, a technique called
emergency autotransfusion or cell saving (Fig. 12). Several
brands of autotransfusion units are commercially available.
These have been described as sufficiently inexpensive and
easy to use to be advantageous for rural emergency depart-
ments or trauma centers (54). Faster infusion rates are
obtained when blood is combined with warmed saline (55).
Errors can occur when using autotransfusion devices, and
they should be included in quality assurance programs (56).

Hypothermia (Volume 1, Chapter 40) occurs frequently
in trauma patients because of environmental exposure prior
to hospitalization, infusion of cold fluids, and exposure of
open body cavities during resuscitation and surgery,
and impaired thermoregulatory mechanisms. Infusion of
fluids without warming can dramatically worsen hypo-
thermia in trauma victims. One unit (250 cc) of PRBCs
or 1 L crystalloid at room temperature will decrease the
core temperature of a 70-kg patient approximately 0.258C.
Thus, warming devices should be used for all trauma cases.

Hotlinew uses a countercurrent water bath system that
runs the entire length of the IV line, ensuring delivery of
warm fluids to the patient as long as administration rates
are modest (between 5 mL/min and 90 mL/min). For faster
infusion rates, a more powerful heat exchanger is necessary.
The Level-1 H1000w is one of the best devices currently
available, providing warm fluids at rates as great as
500 mL/min. More rapid infusion generally requires a
pump and a heat exchanger developed for cardiopulmonary
bypass.

SPECIAL LINES AND MANEUVERS

The complexity of injuries to solid viscera and major vascular
structures that are potentially experienced in a patient with
major thoraco-abdominal trauma requires the placement of
large-bore IV access both above and below the diaphragm.
Subclavian and jugular intravascular catheters are of sub-
optimal benefit in patients with injuries to the superior
vena cava, while groin lines and saphenous vein cutdowns
are of limited use in patients with injuries to the inferior
vena cava.

Patients with complex liver injuries may require
special surgical vascular maneuvers for fluid resuscitation
and restoration of circulation. The widespread acceptance
of selective nonoperative management of liver injuries in
stable patients without active bleeding implies that patients

Figure 11 Rapid infusion and warming devices. (A) The SIMS Level 1 H1025 system (Level-1 Inc, Rockland Maryland, U.S.A.) is shown.

(B) The Belmont Instruments FMS 2000 (Belmont Instrument Corp., Billerica, Massachusetts, U.S.A.) device is shown. Source: From Ref. 85.
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requiring surgery represent a more critically injured subset
of hepatic trauma (57). Approximately, 10% to 30% of liver
injuries qualify as complex and lend themselves to special
maneuvers that should be familiar to the trauma surgeon
managing these patients. Until recently, the mortality of a
complex liver injury approached 50% with early mortality
occurring from exsanguination and late deaths due to
multiple organ dysfunction syndrome (MODS) inflamma-
tory response syndrome (SIRS) (58).

Pringle Maneuver
The Pringle maneuver decreases blood flow to the liver

and can be life saving during the repair of hepatic vascular

injuries. Following the initial steps of wide exposure
through a generous midline incision and evacuation of
blood accumulated in the peritoneal cavity, it will become
immediately evident to the operating surgeon when the
patient has a major injury to the liver. Cross-clamping of the
hepato-duodenal ligament, the Pringle maneuver (Fig. 13) is
performed with an atraumatic vascular clamp so as to
provide temporary occlusion of hepatic blood flow through
the portal vein and hepatic artery (58,59). Patients with hemor-
rhage from intrahepatic branches of these structures will have
substantial slowing of blood loss. It has been well established
that the portal triad can be continuously clamped for 15 to 20
minutes with impunity in both trauma and elective hepatic
surgery. Pachter and colleagues reported on 81 patients who
required the Pringle maneuver for complex hepatic injuries
with a mean occlusion time of 32 minutes (range 10–75
minutes) (60). The mean time for clamping was 46 minutes
in the subset of patients with the most severe injuries.

For decades, the adjunctive use of topical hypothermia
(cooling the liver to 30–328C) and the use of a single IV bolus
of methylprednisolone (30–40 mL/kg) were combined with
the Pringle maneuver for complex liver injuries. The goal
was to extend the safe liver ischemia time by slowing hepatic
cellular metabolism with hypothermia, and purportedly by
stabilizing lysosomal and cellular membranes with corticos-

teroids. While an early report by Pachter of 128 patients
with complex hepatic injuries reported a low incidence of
perihepatic abscesses with these two modalities, subsequent

Figure 12 Surgical blood salvage. The figure shows the basic scheme (upper right) and general flow of blood processing using

a cell saver.

Figure 13 Pringle maneuver (occlusion of the hepatic blood

supply (common hepatic artery and portal vein). The Pringle

maneuver is being accomplished in the figure with a traumatic

vascular clamp. Also note the digital temperature probe inserted

into the liver (arrow). Source: From Ref. 86.
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prospective randomized studies did not confirm a benefit
(58,60,61). The Pringle maneuver continues to be an import-
ant early step in the assessment of the magnitude of a liver
injury and determining the utility of subsequent maneuvers
that might ultimately be used to secure hemostasis.
Occasionally, patients who respond to the Pringle maneuver
with slowing of hepatic bleeding early in the case ultimately
become candidates for liver packing as part of a staged
procedure (damage control laparotomy), minimizing the
chances for development of acidosis, hypothermia, and
coagulopathy (62,63). These patients identify themselves
also as excellent candidates for an interval hepatic arterio-
gram with embolization of bleeders (64). The angiographic
demonstration of extravasation from intrahepatic arterial
branches allows the interventional radiologist to selectively
embolize the vessel with thrombotic material such as
topical thrombin or gelfoam. This procedure facilitates the
safe removal of the packs without recurrent bleeding (65).

Atriocaval Shunts and Atrial Lines
The most severe subsets of patients with complex liver
injuries are those with major juxtahepatic venous injuries
(injuries to the hepatic vein, retrohepatic IVC, and their
intrahepatic tributaries). There are few technical maneuvers
in all of surgery as dramatic as placement of an atriocaval
shunt (Fig. 14). Typically, these patients have already failed
more conventional, hemostatic maneuvers and are in
various stages of hemorrhagic shock. The operating
surgeon is unlikely to execute this maneuver successfully
without extensive forethought and experience. Not surpris-
ingly, the mortality is high in patients who require an atrio-
caval shunt (66). The shunt is appropriately considered for
those patients with severe parenchymal liver injuries in

whom a Pringle maneuver has failed to control hemorrhage
and are therefore suspected of having injuries to the retrohe-
patic vena cava or the hepatic veins.

The atriocaval shunt is performed through a
midline laparotomy incision, combined with either a
median sternotomy or a left or right anterolateral thoracot-

omy to provide access to the heart. The goal of the pro-
cedure is to provide continuous venous return from the
lower extremities to the heart through an intracaval tube
that is placed through the right atrium into the retrohepatic
cava. The tube has holes strategically positioned in both the
infrarenal aspect of the inferior vena cava and the right
atrium (Fig. 14). Cross-clamping of the aorta and the
Pringle maneuver provide temporary occlusion of inflow
to the liver. The device most often used for the shunt is a
36-French thoracostomy tube, although an 8-0 endotracheal
tube has also been used (Fig. 15).

Typically, the shunt is inserted through the right atrial
appendage, passing through the right atrium down to the ret-
rohepatic inferior vena cava, with great care being taken to not
pass the tube through any traumatic disruption of the retrohe-
patic cava (Fig. 16). The tube is secured with either umbilical
tapes or “Rumel” tourniquets placed around the suprarenal
vena cava and the intrapericardial vena cava, as well as
purse string sutures placed through the atriotomy incision.
A clamp at the top of the tube emerging from the right
atrium ensures a closed system, and appropriate placement
of the holes in the tube allows for continued venous return
from the lower extremities and the kidneys into the right
atrium. Failure to secure the IVC around the tube in the
suprarenal position will lead to continued hemorrhage

Figure 14 Atriocaval shunt. Incision in the atrial appendage

with the placement of atrial purse string suture (A). Proper

position of atriocaval shunt utilizing chest tube (B). Source: Baylor

teaching files.

Figure 15 Atriocaval shunt performed with endotracheal

tube. Source: Baylor teaching files.
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(Fig. 17). This procedure combined with mobilization of the
liver and division of the right hemidiaphragm gives the best
possible exposure to a very difficult injury.

The two largest reported series of atriocaval shunt pla-
cement for major juxtahepatic injuries reported survivals of
9% and 19%, reflecting both the technical challenges of the
procedure and the extreme physiologic derangement of
patients who need it (64,66). Improvements in mortality
will most likely occur with earlier recognition by the
surgeon of the need for this complex procedure.

If there exists any situation more desperate than the
earlier described need for the atriocaval shunt, then it is
perhaps the placement of an atrial catheter as part of the
open resuscitation of the patient experiencing traumatic
arrest from hemorrhagic shock. However, in these situations,
thoracic exposure provides access to the central circulation,
and may be the only viable option for venous access.

Arterial Catheters
The placement of an indwelling arterial catheter is required
for any major trauma or prolonged resuscitation and will
also be required for postresuscitation and surgical critical
care. Use and utility are described in (Volume 1, Chapter 17).

During massive bleeding conditions, the radial pulse
can be diminished or intermittent and dependent upon car-
diopulmonary resuscitation efforts, or entirely absent.
During these situations, maintaining one finger on the
femoral pulse, while administrating massive quantities of
IV fluids, should be the first focus. Once the femoral arterial
pulse returns toward a more reliably palpable pulse, it can
be cannulated and used to guide the remainder of the
resuscitation. If the patient is in the OR and draped, the

femoral artery may no longer be accessible. In this case,
an arm should be kept out for the purpose of later
placing an arterial line as the perfusion improves enough
to allow cannulation.

EYE TOTHE FUTURE

IV access relies on cannulas, tubing, and infusion equipment.
Technologic advancements in recent years have made these
more effective, easier to use, and safer. This trend should
continue. Catheter materials that prevent thrombosis, infec-
tion, or kinking will likely appear. Catheters impregnated
with chlorhexidine plus silver sulfadiazine and minocycline
plus rifampin have been studied (16).

Studies on how to insert catheters more effectively will
define optimal techniques, particularly with respect to guide
wires for central catheters (67), anatomic approaches (68,69),
and visualizing aides (70). Ultrasound guidance is a portable
technology that has advanced from recommended use in
problematic central lines to primary visualization of veins
with every central cannulation of the IJ veins (71). Several
simple ideas have become widely adopted, such as placing
a small catheter to expand veins to place a large-bore cath-
eter for rapid infusion (72).

It takes considerable practice to learn proper techniques
for resuscitation and the placement of catheters in peripheral
and central veins and arteries. Effective simulators for
trauma care and catheter placement are increasingly being

Figure 16 Passage of tube through a traumatic disruption of

the retrohepatic vena cava or extension thereof is a potential

pitfall of atriocaval shunt placement. Source: Baylor teaching files.

Figure 17 Failure of vascular isolation due to placement of lower

tourniquet below the renal veins. Source: Baylor teaching files.
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used (Volume 1, Chapter 6) (73,74), and their use should
increase.

Fluid resuscitation will remain the central treatment
for exsanguinating hemorrhage, but adjunctive therapies
and new protocols will make it more effective. This might
include the use of vasopressin (75) and understanding of
how much fluid is needed (76,77). Hemostatic dressings
for use on fresh wounds are proving effective in laboratory
studies and for battlefield trauma (78,79), as are special tour-
niquets (80,81).

SUMMARY

Exsanguinating hemorrhage is the major cause of death fol-
lowing trauma. Immediate large-bore vascular access and
aggressive volume administration are the only effective
therapy for massive hemorrhage. Successful insertion of IV
catheters is thus a priority for trauma care and a needed skill
for trauma care providers. ATLS protocols dictate an initial
fluid bolus of 1 to 2 L for adults and 20 mL/kg for children.

The flow of fluids through a catheter increases as the
fourth power of the radius. Thus, major trauma care requires
two large-bore catheters. Initial IV access is usually accom-
plished using peripheral veins, usually in the upper extremi-
ties. Small-bore catheters can be exchanged over a guide wire
for larger ones. Rapid infusion of fluids may require pressure
on the fluids which should be warmed to body temperature.

Central veins are larger than peripheral and more
readily accept large-bore catheters. The IJ, subclavian, and
femoral veins are the most common routes for CVC,
although other routes exist. Placement of CVC is a skill
that improves with practice and must be learned by
trauma care physicians. Choice of the best access route
depends primarily on the site of the trauma and the skill
of the person placing the catheter. Central venous access
has a complication rate of approximately 15%, so attention
is needed with this choice. The major complications are
thrombotic, mechanical, and infectious.

Cutdown for saphenous vein access and the place-
ment of intraosseous needles are two useful techniques for
fluid resuscitation, particularly in children. Intraosseous
infusion generally requires special equipment, but may be
the most reliable when the resuscitator is wearing bulky
equipment or the veins of the trauma victims are collapsed.
Drugs for IV use can also be given down an endotracheal
tube, especially if they are lipid soluble, before IV access is
established.

Special surgical maneuvers are available for hepatic
bleeding. These include clamping the hepato-duodenal
ligament and placing an atriocaval shunt.

KEY POINTS

In general terms, doubling the diameter of a catheter
increases the flow rate 16-fold.
Infusion rates can be increased by a factor of three
or more when the infusion pressure is increased to
300 mmHg compared with simple gravity flow rates.
The viscosity of blood increases in a nonlinear fashion
with increasing hematocrit (Fig. 3) and decreasing
temperature.
Initial IV access is generally most easily and safely
accomplished by the peripheral route.

In the event of abdominal or pelvic trauma, access
should be obtained in upper extremities.
Both ATLS and ACLS protocols employ intraosseous
infusion for the resuscitation of children when venous
access is difficult.
Infusion of fluids without warming can dramatically
worsen hypothermia in trauma victims.
The Pringle maneuver decreases blood flow to the liver
and can be life saving during the repair of hepatic vas-
cular injuries.
The atriocaval shunt is performed through a midline
laparotomy incision, combined with either a median
sternotomy or a left or right anterolateral thoracotomy
to provide access to the heart.
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INTRODUCTION

Fluid administration is central to the resuscitation of the
trauma patient, and fluid therapy is one of the easiest and
most widely applied of all the treatments for hemorrhage.
The value of fluid administration was established in the
early 1900s (1) and has been a common treatment for hemor-
rhage ever since. Despite this history—or, perhaps, because
of it—minimal scientific data supporting the common stan-
dard of care in fluid administration has been produced—
no data on how much, what kind, how quickly, or for how
long. Indeed, controlled trials in the past decade have
sparked significant controversy in this area, forcing anesthe-
siologists and surgeons to rethink much of what was once
taken for granted. This chapter explores the latest data
from laboratory and clinical trials of fluid resuscitation and
suggests a strategy for the care of hemorrhaging trauma
victims.

Early vs. Late Resuscitation
“Resuscitation” implies a physiological derangement, which
must be corrected if the patient is to return to a normal state
of health. In trauma patients, the derangement usually
involves a loss of circulating blood volume due to internal
or external hemorrhage. Deducing that hemorrhage should
respond to fluid administration is seductively obvious: the
body has lost fluid, so the fluid must be replaced. In
general, over the long term, this observation is clearly true
(2). In late resuscitation, as commonly practiced in the recov-
ery room or intensive care unit (ICU), sources of hemorrhage
have typically been controlled, and the clinician’s mandate
is clear: load the patient with appropriate fluids until an ade-
quate circulating blood volume has been restored. In
young patients, with normal underlying cardiac function,
fluid administration titrated to achieving the highest poss-

ible cardiac output will maximize tissue oxygen delivery.
However, aggressive fluid administration may not be the
best initial strategy.

Hemorrhagic shock is defined as a decrease in tissue
oxygen delivery, due to decreased blood volume, to the
extent that tissue metabolic needs are not met. Early hemor-
rhagic shock is that which occurs prior to definitive control
of bleeding. Patients who present to the emergency depart-
ment (ED) or operating room (OR) with hypotension and
active hemorrhage from vascular injuries, solid organ
trauma, or pelvic fractures are at risk for early hemorrhagic

shock. Vigorous fluid resuscitation in this population is
analogous to pouring water into a bucket with multiple
holes in the bottom. The more water added at the top, the
greater the pressure of water at the bottom and the greater
the loss of fluid. Furthermore, administration of fluids
devoid of red blood cells, platelets, and coagulation factors
will dilute blood of these products beyond that caused by
the hemorrhage alone. Less resuscitation means a slower
blood loss, but a greater risk of ischemia from prolonged
vasoconstriction and underperfusion. In early resuscita-
tion, few physiologic markers exist to guide fluid repletion,
and too much fluid may be as dangerous as too little.
This chapter will focus predominantly on early resuscitation.

Recent Advances and Controversies
The past two decades have seen significant progress in
understanding the physiology of early hemorrhagic shock,
with continued evolution of clinical practice. In the surgical
community, the concept of “damage control” (see Volume 1,
Chapter 21) has become the standard of care for seriously
injured patients (3). Rather than attempting to provide
definitive treatment for all of the patient’s injuries, the goal
has become the identification and control of life-threatening
hemorrhage only, with less important procedures delayed to
a later time. Surgical packing with hemostatic material is
used to control hemorrhage, often in combination with
early angiography and embolization. Bowel injuries are
simply stapled closed, with no attempt at reanastomosis.
Long bone fractures are managed with rapid external
fixation rather than the more physiologically stressful intra-
medullary nailing (4). The abdominal fascia is left unclosed
under a sterile dressing to prevent abdominal compartment
syndrome (see Volume 2, Chapter 34) and to facilitate
re-exploration. Once hemorrhage is controlled, the patient
is taken to the ICU for continued resuscitation aimed at
restoring tissue perfusion and correcting coagulopathy,
acidosis, and hypothermia. Definitive surgery occurs 24 to
48 hours later, following resuscitation.

Early control of hemorrhage is the focus of surgical
care of the multiple-injured patient and must be the goal
of resuscitation as well. The concept of “deliberate hypoten-
sive resuscitation” has been proposed and investigated at
a number of centers (5,6) but is so far supported by a
minimum of scientific data. Beyond this controversy,
there lurk a number of other questions: What is the
optimum hematocrit? How best is it to manage patients
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with traumatic brain injury (TBI)? How are the elderly
patients different?

PHYSIOLOGYOF HEMORRHAGE

Trauma and blood loss produce a predictable cascade
of physiologic events, beginning with the recognition of
injury and proceeding through neurologic, hormonal,
organ system, and cellular events that collectively comprise
the syndrome of shock (see Volume 2, Chapter 18).

Neuroendocrine Response to Hypotension
Pain, perception of injury, and decreased cardiac filling lead to
an increase in sympathetic tone, with subsequent release of
catecholamines (7). Vasoconstriction occurs in the skin,
muscle, and splanchnic circulation. Cardiac and central
nervous system (CNS) blood flow is preserved and may
even be increased in early shock. Retention of circulating
blood volume and energy availability are encouraged by the
release of a number of hormones, including vasopressin,
cortisol, renin, antidiuretic hormone, growth hormone, gluca-
gon, epinephrine, and norepinephrine (8).

Because traumatic shock originates from both hemor-
rhage and the neurologic perception of pain and injury, it is sig-
nificantly different from the effects of hemorrhage alone (9).
The neuroendocrine response of a hemorrhaging victim of a
motor vehicle collision is quite different from that seen in an
anesthetized patient who experiences intraoperative hemor-
rhage. The former patient is vasoconstricted, with blood
pressure (BP) initially preserved while organ perfusion is
decreased. The latter patient is vasodilated and will have a
lower BP but higher systemic blood flow. Ischemic organ
system injury is much more likely to occur in patients who
are both hypovolemic and hypotensive, despite, or partially
because of, maximum vasoconstriction.

Understanding this difference in underlying physio-
logy is critical to understanding the process of resuscitation.
Liberal fluid administration will benefit the anesthetized
patient who is in a high-flow, low-pressure state, but might
produce a deadly exacerbation of hemorrhage in the vaso-
constricted trauma patient (unless control of hemorrhage
has already occurred, and additional resuscitative fluids
are available). These differences should also be born in
mind when evaluating the science involved in the various
hemorrhage and resuscitation models published in the lit-
erature. Most such studies take place in anesthetized rats,
pigs, sheep, or dogs. These data are more useful for inter-
preting the response of the anesthetized patient, but less
applicable to the prehospital and pre-OR trauma victim.

Cellular Response to Ischemia
Individual cells respond to shock on the basis of their own
state of perfusion, the chemical signals received from
other organs (particularly the CNS), and their genetic
programming. In the absence of oxygen delivery, most cells
will revert to anaerobic metabolism for the energy needed
to function. This will lead to the accumulation of lactic acid
and other metabolites, both in the cell and in the systemic
circulation (10). These toxins are both directly harmful, by
lowering pH and thus impairing enzymatic function, and
indirectly dangerous, by escalating the release of sympathetic
hormones and promoting further vasoconstriction. Ischemic
cells will also take up fluid from the interstitium (2), although
the reason for this response is unclear. Fluid uptake may

occur as the result of failure of cell membrane function or
as part of a programmed response to dilute toxins within
the cytoplasm.

It should be recognized at the outset that untreated
shock is a cascading phenomenon, which is amplified and
exacerbated both by the initial cellular response and by the
CNS. Vasoconstriction leads to ischemia that leads to acido-
sis and toxin release that leads to further vasoconstriction
that leads to further ischemia. Figure 1 is a conceptual
depiction of this phenomenon. The cellular and micro-
vascular response to ischemia is only crudely understood

at this time; however, three important pathophysiologic
responses that contribute to the shock cascade are
known: apoptosis, reperfusion injury, and the no-reflow
phenomenon.

Hibernation vs. Apoptosis and Necrosis
Interruption of oxygen and glucose delivery to a cell can
trigger a number of different responses, based on the type
of cell involved and on its underlying genetic makeup.
“Hibernation” is a beneficial response to short-term ischemia,
in which the cell ceases all functions not directly related to its
own survival. Hibernation can be observed in cells of the
kidney and gut: active filtration or absorption of fluid is an
energy-dependent mechanism that is preferentially turned
off when the cell is ischemic (11). Hibernation of cortical
brain cells may account for the lethargy that characterizes
severe shock. In the short run, this strategy conserves cellular
viability but, in the long run, it will become detrimental,
based on how long the body can function without making
urine, absorbing nutrients, or engaging in conscious thought.

Apoptosis is a cellular process originally called
“shrinkage necrosis” to distinguish it from the swelling
commonly seen in necrotic cells following severe injury.
Some cells, when triggered by a certain degree of ischemia,
will initiate a series of biochemical steps leading to the
complete cessation of cellular function. The mechanics of
this “programmed cell death” have been studied inten-
sively in ischemic brain tissue, but the reasons for the
phenomenon are poorly understood (12). Both cellular
necrosis and apoptosis may occur following ischemic
injury. Apoptosis is one explanation for the development
of multiple organ system failure in patients hours or days
after their initial traumatic shock has been recognized and
treated (see Volume 2, Chapter 18). It is likely that a
certain degree of hypoperfusion, sustained for a certain
period of time, produces a “dose” of shock that predicts
the development of organ system failure. Significant
patient heterogeneity exists, however, based on age, phys-
ical condition, specific injuries, and underlying genomics.

The No-Reflow Phenomenon
Another mechanism contributing to sustained cellular
damage even after the restoration of macrovascular perfusion
is the “no-reflow” phenomenon. Cellular fluid uptake in
response to ischemia leads to edema at the microvascular
level, with obstruction of small capillary channels. Capillaries
can also become obstructed by platelet microthrombi and
cellular debris. If obstruction is significant enough, some
cells may be completely cut off from blood flow, even when
the pressure and the volume are adequate at the level of the
arteriole (13). This phenomenon has been observed in both
liver and gut cells. The “no-reflow” phenomenon is another
mechanism of cell death and multiple organ system failure,
which follows resuscitation from trauma.
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Failure to reperfuse at a more macroscopic level may
also be seen in muscle compartments that have suffered a
significant dose of ischemia, even in the absence of direct
tissue damage. Muscle cells in a tight fascial compartment
will swell in response to ischemia, impairing first their
venous drainage and then their arterial flow (i.e., extremity
compartment syndrome). Hence, the frequent need for fas-
ciotomies of the tibial compartments of the leg, following
vascular repair of the femoral vessels in the thigh, even
without fracture or injury to the lower leg (14). Abdominal
compartment syndrome (see Volume 2, Chapter 34) is also
common following severe shock, due to edema of the
bowel, with renal perfusion threatened if peritoneal pressure
is not relieved. Laparotomy and creation of an opening in the
abdominal fascia may be necessary in patients who have
survived a massive resuscitation to relieve an abdominal
compartment syndrome even in the absence of direct
abdominal trauma (15).

Reperfusion Injury
Shock does not necessarily end when perfusion is restored.
Toxic metabolites accumulate in ischemic cells and are
released into the circulation with reperfusion. These com-
pounds have a number of effects. First, many are negative
inotropes and vasodilators, which may cause a significant
fall in the cardiac performance and BP, thus perpetuating
low perfusion (16). Second, many of these compounds are
active triggers of the inflammatory response, including pros-
tacyclin, thromboxane, prostaglandins, leukotrienes, endo-
thelin, complement, interleukins (IL), tumor necrosis factor
(TNF), and others (17). When washed into the lung in the
first stages of reperfusion, these compounds contribute to
the development of acute respiratory distress syndrome
(ARDS) and the cascade of multiple organ system failure.

Many authors have written about the “oxygen debt”
that accumulates in shock, a simple shorthand for the

summation of a certain depth of hypoperfusion sustained
for a certain period of time (18). Reperfusion is the repay-
ment of that debt, with interest. Formulae have been pro-
posed for calculating oxygen debt but, in clinical practice,
they are seldom used. Instead, a chemical marker such
as serum lactate or base deficit is used as a surrogate, with
normalization taken as a sign of adequate restoration of
tissue perfusion and completion of resuscitation (19).

Reperfusion cannot be avoided, as the only alternative
is a continuing state of ischemia. There is substantial scienti-
fic interest, however, in mitigating the effects of reperfusion
injury. One strategy involves the administration of a mixture
of chemicals at the time of reperfusion that will scavenge
direct toxins such as free radicals while antagonizing the
proinflammatory effects of metabolically active compounds
(20). Trials have been conducted examining steroids, nalox-
one, mannitol, and a number of more exotic compounds
[e.g., pentoxifylline (PTX)—see section “Eye to the Future”]
but, as yet, a “silver bullet” has not emerged. Growing
experience with the preservation of organs for transplant
has shown promise; however, raising the hope that tech-
niques from this field may someday influence the preser-
vation of the entire body through periods of ischemia and
reperfusion (21).

Organ System Response to Ischemia
The cellular effects of ischemia described above occur to a
greater or lesser degree in each different organ, with a
variety of effects on organ system function and survival.
The following is a brief discussion of how each system
acutely responds to hemorrhagic shock.

Cardiovascular System
In an otherwise healthy patient, the heart is the last organ to
become ischemic. Nutrient blood flow increases during
the early stages of shock, in response to an increase in
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catecholamines and sympathetic stimulation (22). Heart rate
and inotropic tone increase in early hemorrhagic shock
in response to increased sympathetic tone, combining to
maintain or even increase cardiac output in compensation
for the decrease in intravascular volume. Even in severe
shock, when filling volumes, cardiac output, and BP are sub-
stantially compromised myocardial ischemia in the
previously healthy patient is relatively rare. However, in
the elderly patient, or those with accelerated atherosclerotic
disease, disruption of the tenuous balance between myocar-
dial oxygen supply and demand can lead to early ischemic
failure of the heart. Cardiac contusion and pericardial
tamponade can similarly exacerbate this phenomenon.

The patient suffering shock from both hemorrhage and
simultaneous myocardial failure is extremely difficult to
manage, requiring moment-to-moment assessment with

pulmonary artery (PA) pressure monitoring and/or transe-
sophageal echocardiography (TEE), and carefully titrated
administration of volume and inotropic agents. Ischemic
cardiac dysfunction explains a portion of the greatly
increased mortality observed in older versus younger
trauma patients (23).

Changes in vascular tone, on both a regional and
ystemic basis, are pathognomonic of hemorrhagic shock.
The ability to vasoconstrict ischemia-tolerant vascular beds
is the body’s most important adaptation in the face of
circulating volume loss. Not surprisingly, this mechanism
is preserved until the final stages of fatal hemorrhage
(24). Too much shock, for too long a period of time, will
eventually lead to the depletion of ATP in the vascular
endothelium, with loss of vasoconstriction, even in the pre-
sence of high levels of circulating endogenous and
exogenous catecholamines (25). Vasodilation in the hemor-
rhaging patient or failure to achieve a response in BP with
the administration of epinephrine is frequently a terminal
event.

Gastrointestinal System
Splanchnic blood flow is all but eliminated during hemor-
rhagic shock (26). Hibernation of intestinal cells is observed
in the form of absent peristalsis, with resolution of ileus a
late marker of successful resuscitation. The no-reflow
phenomenon has been observed in intestinal vascular beds
even when macrocirculation has been restored (22) and
may be a reason for the development of abdominal compart-
ment syndrome even in patients with no intra-abdominal
injury. Beyond hibernation, ischemia of intestinal cells may
lead to a loss of barrier protection from intraluminal bacteria.
Translocation of pathogens from the intestinal lumen to the
central circulation with subsequent activation of the
inflammatory cascade has been postulated as a cause of
posttraumatic respiratory failure and multiple organ
dysfunction syndrome (MODS), although the clinical
practice of early gut sterilization to address this concern
remains controversial (27).

Hepatic System
The liver suffers a substantial drop in perfusion during
hemorrhagic shock, due to a significant reduction in portal
blood flow. This underperfusion can lead to “shock liver”
when shock is profound or prolonged (see Volume 2,
Chapter 35). Furthermore, due to the normally high meta-
bolic activity of hepatic cells, reperfusion of the liver pro-
duces a large toxic load and may contribute substantially
to the development of multiple organ system failure. Blood

glucose and coagulation factor levels may fluctuate widely
during acute hemorrhage, due to hypoperfusion and ische-
mia of the liver (28). Patients with pre-existing cirrhosis or
active hepatitis typically fare poorly in the face of hemorrha-
gic shock, and failure to recover adequate hepatic function
following resuscitation is almost always fatal (6).

Renal System
In early shock, the kidneys and adrenals contribute to the
systemic “fight or flight” response, releasing increased
amounts of renin, angiotensin, aldosterone, cortisol, erythro-
poetin, and catecholamines (8). Diminished blood flow
leads to hibernation of portions of the kidney, with filtration
preserved only in the deep cortical areas (11). Urine pro-
duction falls rapidly in early shock, reaching zero in
healthy patients at about the time that BP drops below
normal. Prolonged ischemia will lead to diffuse cell death,
acute tubular necrosis, and renal failure (22). Hemodialysis
is frequently required in the early stages of multiple organ
system failure, although renal function generally recovers
in the long run.

Central Nervous System
Blood flow to the brain and spinal cord is well preserved in
the early stages of hemorrhagic shock. Because the brain has
no ability to store glucose, it is the most perfusion dependent
of all organ systems. A limited amount of hibernation can
occur in response to hypoperfusion: loss of cortical function
(diminished consciousness) is characteristic of advancing
shock. Reflex activity also drops, while regional glucose
uptake changes throughout the CNS (29). Neurons are
subject to both apoptosis and necrosis in response to direct
injury (concussion) and to ischemia (12). The mechanisms
controlling apoptosis are not well understood, but may
represent an opportunity for intervention, following the
resolution of acute hypoperfusion. The persistence of
neurologic deficits following initial resuscitation is a
marker for poor outcome from MODS (29).

Pulmonary System
Although lung tissue itself is seldom ischemic during acute
resuscitation (assuming prompt intubation and adminis-
tration of oxygen), the lungs often serve as the sentinel
organ system heralding MODS. Inflammatory mediators
released in the gut, the liver, and the systemic circulation
inevitably reach the pulmonary capillaries, where they
trigger neutrophil and platelet aggregation, increased capil-
lary permeability, destruction of normal lung architecture,
and thus the ARDS (9,30). The lungs are often the first

organ system to fail in MODS, and prolonged ventilatory
support is common in trauma patients requiring transfusion
of more than 10 units of red blood cells, even in the absence
of direct thoracic trauma.

Musculoskeletal System
Mild shock may increase the perfusion of certain muscular
beds, as part of the fight or flight response, but further
hemorrhage leads to intense vasoconstriction in all periph-
eral vascular beds. The characteristic pale and clammy
appearance of the patient with moderate to severe shock is
the direct result of this hypoperfusion. Although skin and
muscle cells have the ability to sustain themselves through
anaerobic metabolism for sustained periods, the accumu-
lation of lactate and other toxins can create a significant

218 Dutton and Howard



physiologic insult when reperfusion does occur. The classic
cellular response to ischemia of increasing sodium and free
water uptake was first elucidated in muscle cells (2). This
cellular edema plays an important role in the development
of compartment syndrome.

Immune/Hematopoetic System
The bone marrow is strongly affected by shock. While the
initial response to hemorrhage includes the release of
sequestered blood cells from the spleen and marrow, this
reservoir is rapidly depleted in the face of ongoing hemor-
rhage. Erythropoetin release from the kidneys will increase
the production of new red cells if perfusion is restored,
but this mechanism is of little importance in early
hemorrhagic shock. More critical is the significant immune
depression seen, following shock and massive transfusion.
While this has been associated with both the administration
of blood products (31) and with particular crystalloid
preparations (32), it is also a likely consequence of bone
marrow ischemia and the systemic inflammatory response.
Sepsis is a common complication of severe injury, and the
patient with multiple organ system failure will have
repeated systemic infections until such time as homeostasis
is restored in the lungs, the gut, and the immune system
(see Volume 2, Chapter 47).

BASICS OFMANAGEMENT

Management of hemorrhagic shock rests on two critical
activities. The first is the diagnosis and treatment of
ongoing hemorrhage, the sine qua non of trauma care. This
topic is addressed at length elsewhere in this book (see
Volume 1, Chapter 8). The second critical activity is the
ongoing resuscitation of the patient during the period of
active hemorrhage and immediately thereafter. The goals
of this activity—typically managed by a relay of prehospital
provider, emergency medicine physician, trauma surgeon,
anesthesiologist, and intensivist—are to prevent or mitigate
the long-term consequences of shock while simultaneously
providing the best conditions for sustained control of
hemorrhage. As indicated above, these goals may stand in

direct opposition: fluid administration will support per-
fusion but worsen hemorrhage. Limitation of fluid will
facilitate control of hemorrhage but worsen ischemia.
Although challenging, there are a number of fundamental
principles guiding the management of the hemorrhagic
shock patient, based on a growing body of laboratory and
clinical science.

Optimum Monitoring
The more the clinician knows about the patient, the more

accurate the clinical management can become. Resusci-
tation frequently begins in the chaos of an accident scene or
ED, with limited information available to guide decisions.
Monitoring technology must be brought to bear in a pro-
gression from simple to more complex, and a hierarchy
from global down to specific. The first questions that must
be asked and answered are: “Is this patient bleeding?” and
“Is this patient adequately resuscitated?” The following
monitors, applied in the sequence described, will allow the
clinician to answer these questions.

Vital Signs
Initial monitoring is limited to the simple, the obvious,
and the traditional: the appearance of the patient, the
obvious mental status, and the pulse rate, BP, and oxygen
saturation. Hemorrhagic shock is defined on the basis of
these variables, as in the scheme of the American College
of Surgeons Advanced Trauma Life Supportw (ATLSw) pro-
tocol (Table 1) (33). It is important to note that vital signs are
both simple and nonspecific. Decreased level of conscious-
ness may be the result of shock, but may also arise from
head injury, intoxication, or hypoxia. Systolic blood pressure
(SBP) below 90 mmHg indicates significant hemorrhagic
shock, but says nothing about the source of bleeding.
Furthermore, changes in vital signs are all late markers for
ongoing ischemia. Adaptive mechanisms in the typical
young healthy trauma patient may lead to a preservation
of vital signs in the face of hemorrhage up to 30% of the
blood volume. Similarly, restoration of a normal BP in a
previously hypotensive patient may mask the presence of
a significant volume deficit if the patient is still vaso-
constricted (34). Additionally, the presence of a substantial
pulmonary shunt may go undetected in patients on

Table 1 Estimated Fluid and Blood Lossesa Based on Patient’s Initial Presentation

Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1500 1500–2000 .2000

Blood loss (% blood volume) Up to 15% 15%–30% 30%–40% .40%

Pulse rate ,100 .100 .120 .140

Blood pressure Normal Normal Decreased Decreased

Pulse pressure (mmHg) Normal or increased Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 .35

Urine output (mL/hr) .30 20–30 5–15 Negligible

CNS/mental status Slightly anxious Mildly anxious Anxious confused Confused, lethargic

Fluid replacement (3:1 rule) Crystalloid Crystalloid Crystalloid and blood Crystalloid and blood

aFor a 70 kg man. The guidelines in Table 1 are based on the 3:1 rule. This rule derives from the empiric observation that most patients in hemorrhagic shock

require as much as 300 mL of electrolyte solution for each 100 mL of blood loss. Applied blindly, these guidelines can result in excessive or inadequate fluid

administration. For example, a patient with a crush injury to the extremity may have hypotension out of proportion to the blood loss and require fluids in excess

of the 3:1 guidelines. In contrast, a patient whose ongoing blood loss is being replaced by blood transfusion requires less than 3:1. The use of bolus therapy with

careful monitoring of the patient’s response can moderate these extremes. When crystalloid alone is used . 3 : 1 is required.

Abbreviation: CNS, central nervous system.

Source: From Ref. 33.
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high FIO2, if monitored only by pulse oximetry. Indeed, the
pulse oximeter may remain at 99% to 100% Sat when the
PaO2 ranges between 667 and less than 100 when patients
are ventilated with an FIO2 ¼ 1.0 (Qs/Qt range 5–50%).

Normal vital signs do not indicate adequate resuscita-
tion; indeed, patients may lose up to 30% of blood volume

prior to significant vital sign changes.

Laboratory Studies
The ability to swiftly measure hemoglobin (Hb), arterial
blood gases, and serum lactate level is essential to any
trauma center. Lactate and base deficit are both good
early measures of the depth of shock, and are currently
the best single markers available for the adequacy of resus-
citation (19). Today, the base deficit is simply calculated
from the measured arterial PCO2 and pH, and so may
require consideration of the patient’s pre-existing, chronic
ventilatory status for proper interpretation. And if substan-
tial amounts of “normal” saline are used in the resuscitative
fluids, the base deficit may instead reflect the resulting
hyperchloremia rather than inadequate resuscitation (35).

Hb will vary widely as the result of hemorrhage and
crystalloid resuscitation, but should generally be maintained
in the 8 to 10 mg/dL range. It is important to note that the
initial Hb obtained during active hemorrhage may be
misleadingly high: the patient is bleeding whole blood,
and the normal ratio of red cells to plasma volume may be
preserved. It is only after fluid resuscitation that the Hb
typically falls.

Other laboratory studies are less relevant to the
management of hemorrhagic shock, but may be important
to preserving homeostasis. Electrolyte determination may
indicate correctable abnormalities in glucose, potassium,
or magnesium. Partial pressures of oxygen and carbon
dioxide will reflect the adequacy of oxygenation and venti-
lation, and help to guide ventilator management. Serum
osmolarity and a toxicology screen will show the extent of
preinjury alcohol or drug abuse. Finally, specific levels
of digoxin, dilantin, or thyroid hormone will be helpful in
any patient taking these medications on a chronic basis.

Pressure Measurement
Although not directly reflecting tissue perfusion, the
measurement of arterial and venous pressures during
active resuscitation provides the best available indicator of
the ebb and flow of the ongoing hemorrhage. These press-
ures rise and fall together on the basis of vascular tone
(i.e., sympathetic stimulation and vascular reactivity) as
well as intravascular volume, and cardiac output (also see
Volume 1, Chapters 12 and 18, and Volume 2, Chapter 3).

Arterial Pressure Monitoring
Arterial pressure in the hemorrhaging trauma patient will
reflect intravascular volume, cardiac contractility, vascular
tone, the mechanical effects of chest trauma and mechanical
ventilation, and the consequences of anesthetic or resuscita-
tive drug administration. Placement of an arterial line early
during fluid resuscitation is strongly recommended, because
changes in directly measured arterial pressure, such as
respiratory variations in systolic pressure during mechanical
ventilation, will be a sensitive indicator of life-threatening
decreases in perfusion. The more dynamic the patient’s
course, the more valuable continuous pressure monitoring
becomes. Arterial access also facilitates frequent laboratory
studies.

Central Venous Pressure Monitoring
Central venous pressure (CVP) measurement is less useful in
the absolute sense, because a single value has little meaning
in the face of ongoing hemorrhage, resuscitation, drug
administration, and mechanical ventilation. However, as a
monitor of trends over time, the CVP becomes much more
helpful. In particular, an experienced clinician can learn a
great deal about the patient’s hemodynamic status by the
examination of the CVP response to a fluid bolus (36).
It has been our experience that the more underlying
cardiac disease the patient has, or the higher the required
ventilator settings, the less reliable the CVP becomes. An
alternative to CVP monitoring is the transduction of periph-
eral venous lines (37). PVP monitoring is less invasive and
correlates well with the CVP in normal patients without
significant cardiac disease. However, its use in the trauma
scenario has not yet been reported.

Pulmonary Artery Pressure Monitoring
PA pressure monitoring is cumbersome to establish during
acute resuscitation and may obstruct the central venous
access needed for rapid fluid administration. As with CVP
measurement, the PA catheter is most useful as an indicator
of trends over time and in response to therapy. Calculation of
cardiac output provides an additional datum that makes the
PA catheter useful in patients with underlying nonhemor-
rhagic conditions such as ischemic cardiac dysfunction or
spinal shock.

Transesophageal Echocardiography
TEE can provide pressure information only by inference,

but is the best available test for assessing volume status
and cardiac function. The filling status and contractility
of the heart can be directly examined in a dynamic fashion
(38). The ease with which an experienced operator can
place a TEE probe and the rapid return of data make this
an extremely valuable tool in early resuscitation. Although
TEE monitoring is resource intensive and requires an
operator with significant training, an increasing number of
clinically active anesthesiologists are now competent in the
use of TEE for trauma and critical care (see Volume 2,
Chapter 21).

Measures of Perfusion
Assessment of cardiac performance and vascular

pressure are still one step removed from the information
the clinician is really seeking: the adequacy of tissue per-

fusion. Laboratory studies measure systemic perfusion,
but only on a time-delayed basis. There is a clear need for
real-time, continuous monitors of organ specific perfusion
that can be utilized during early hemorrhagic shock.

Urine Output
Urine output is an easily assessed, organ-specific indicator of
perfusion. Under controlled circumstances, urine output
falls predictably with decreases in renal perfusion, and sus-
tained oliguria is an indication of ongoing shock. Ultimately,
after a prolonged duration of decreased urine output, the
clinician must suspect the development of acute tubular
necrosis and subsequent renal system failure (11). Urine
output may also be impacted by several factors common in
the trauma patient. Hyperglycemia and mannitol (adminis-
tered to treat TBI) are both potent osmotic diuretics, which
falsely elevate urine output. The effects of alcohol and
caffeine (both diuretics) are similar. The development of
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diabetes insipidus or the syndrome of inappropriate
antidiuretic hormone production in head-injured patients,
and the normal circadian variation in filtration are other
factors which must be considered (see Volume 2, Chapter
44). Therefore, adequate urine output does not necessarily
equate with adequate resuscitation and is only reassuring
when all of the listed confounding factors have been con-
sidered.

Pulse Oximetry
Pulse oximetry has also been studied as an indicator of
perfusion, because it measures blood flow in a peripheral
vascular bed that is subject to shock-initiated vasoconstric-
tion. Absence of a signal from the pulse oximeter is a
highly sensitive predictor of severe hemorrhagic shock but
is not particularly specific (39). Patients with severe shock
typically demonstrate a very poor or no pulse oximeter
signal, but neither will patients who are cold, who have peri-
pheral vascular disease or who are moving too much to
establish a baseline. Because of its reliance on perfusion,
this device often behaves differently in anesthetized versus
awake patients.

Gastric Tonometry
Gastric tonometry (see Volume 2, Chapter 10) is the continu-
ous measurement of pH of the gastric mucosa (40). The gut,
like peripheral skin and muscle, is an early candidate for
vasoconstriction. As splanchnic blood flow decreases, the
gastric mucosa will become more acidotic. While this
monitor has been validated in the late resuscitation of
SICU patients (40,41), it has proven less useful in early
hemorrhagic shock, largely because of the time required to
establish a baseline measurement. Newer monitors assessing
sublingual pH are under investigation at this time and may
ultimately prove more useful in the ED and OR.

Adequate Intravenous Access
Resuscitation depends on the ability to deliver fluids to
the intravascular space, sometimes at a rapid rate (see
Volume 1, Chapter 10). Current ATLS protocols recommend
the immediate placement of two large-bore peripheral IVs in
any patient in hemorrhagic shock (33), but this is frequently
difficult to accomplish. Extremity injuries, vasoconstriction,
body habitus, and age can all complicate peripheral intrave-
nous (IV) placement. Experienced trauma practitioners will
waste little time on the periphery, preferring the rapid and
reliable placement of a large caliber central line (usually
a PA introducer or a specially designed 9Fr–11Fr resuscita-
tion line). The subclavian vein is most commonly employed,
even though it carries a higher risk of pneumothorax than
femoral vein or internal jugular (IJ) vein access. However,
the subclavian approach should be avoided in the comba-
tive, agitated shock trauma patient. Femoral vein placement
is technically easier, and does not risk pneumothorax, but
interferes with subsequent patient mobility, predisposes to
deep venous thrombosis, and has a higher rate of infection.
Placement of an IJ line is relatively contraindicated in the
patient who might have a cervical spine injury, because of
concern over turning the neck.

Central venous access allows for intermittent CVP
measurement and provides the clinician with a more
controllable route for volume administration. It is easier to
titrate fluid administration through a large central line
than through multiple peripheral lines, and it is easier to
keep the patient warm when the major volume line is

connected to the fluid warmer or rapid infusion system
(see Volume 1, Chapter 10 for a complete review).

Warming
Hypothermia is a significant risk in early hemorrhagic
shock and can develop quickly due to environmental
exposure prehospital and in the ED, aggressive resuscitation
with room-temperature crystalloid and refrigerated blood
products, and mechanical ventilation with dry gases (42).
Decreased body temperature has the potential to change
the rate constants of important biochemical processes,
including coagulation. Heat loss creates a “thermal debt”
that must be repaid as resuscitation is completed, requiring
fuel and oxygen in excess of normal requirements (see
Volume 1, Chapter 40). Patients with underlying cardiac
disease that cannot easily increase cardiac output in
response to stress will be particularly vulnerable to ischemia
from rewarming.

Controlled hypothermia, on the other hand, has been
proposed as a treatment strategy for both TBI (43) and
hemorrhagic shock (44). Reduction of the metabolic demand
for oxygen should increase the cellular and organ system
ischemic threshold in both the brain and body. Indeed, rapid
cooling is used as a preservative mechanism in proximal
aortic surgery, cardiac bypass, and the handling of organs for
transplant. Laboratory studies have suggested a benefit to
mild hypothermia in certain kinds of trauma, but clinical
trials have been poorly constructed (45). Because of the poten-
tially disastrous effect on coagulation, hypothermia is not rec-
ommended as a treatment for hemorrhagic shock at this time.

The practitioner should do everything possible to
preserve and support a normal core body temperature,
including warming the environment, keeping the patient
covered, humidifying ventilator gases, and warming all
administered fluids. While shock is clearly the most
significant cause of hypothermia in the hemorrhaging
patient, hypothermia in turn perpetuates vasoconstric-
tion and inhibits the establishment of adequate tissue
perfusion.

Availability of Resuscitation Fluids and Blood Products
The choice of resuscitation fluid is discussed in section
“Resuscitation of Fluid” and may include isotonic or
hypertonic crystalloids, colloids, or blood products. A
blood sample should be sent to the Blood Bank as soon as
a hemorrhaging patient arrives in the ED for immediate
cross matching of packed red blood cells (PRBCs) and
plasma (33). Because this is a time-dependent process,
erring on the side of overpreparation is advisable—blood
products that are ordered but not needed can be returned
to the Blood Bank for future use (see Volume 2, Chapter 59).

Personnel
Successful resuscitation of the patient in early hemorrhagic
shock requires the commitment of a large number of
resources, not the least of which are the necessary medical
providers. In addition to the surgeons, radiologists, nurses,
and technicians required to quickly identify and treat
ongoing hemorrhage, the anesthetic care of these patients
will demand at least two experienced practitioners.
Anesthesia providers will be more than busy managing
the patient’s airway, placing monitoring and resuscitation
lines, positioning the patient for surgery, hanging blood
products and resuscitative fluid, operating a rapid
infusion system, administering medications, and monitoring

Chapter 11: Fluid Resuscitation Strategy 221



minute-to-minute changes in the patient’s status. Avail-
ability of enough trained personnel is critical to the patient’s
outcome and is one of the standards for accreditation of
trauma centers (46).

Control of Hemorrhage
As was indicated previously, the essential goal of early
resuscitation is the identification and control of ongoing
hemorrhage. Traumatic blood loss typically occurs into
one of five compartments: chest, abdomen, retroperito-
neum, extremities, and outside. Bleeding into each of
these compartments mandates a different diagnostic and
therapeutic strategy.

Bleeding into the Chest
Bleeding into the chest can occur from injury to the lung,
the chest wall, or the mediastinal structures. Thoracic bleed-
ing may be suggested by diminished breath sounds on
physical examination. Chest radiography can detect a large
hemothorax or abnormality of the aortic contour. Computed
tomography (CT) will identify any collection of blood in
the pleura or mediastinum. Treatment of hemothorax
begins with tube thoracostomy for decompression, with
low pressure pulmonary bleeding usually resolving spon-
taneously. Surgical exploration is reserved for patients with
large volume or continuing blood loss (33). Aortic injury is
managed with angiographic stenting or open surgery,
usually using some form of partial bypass.

Bleeding into the Abdomen
Bleeding into the abdomen is suggested by the presence
of peritoneal signs on physical exam. Unlike pulmonary
bleeding, hemorrhage from the liver, spleen, or mesentery
can persist indefinitely, making diagnosis of this condition
of critical importance. Hemorrhage in the splanchnic bed is
also highly pressure sensitive and will frequently reoccur
in the face of overly aggressive volume administration
(47). Diagnosis is made by abdominal sonogram, done as
part of the focused assessment with sonography for
trauma (FAST), diagnostic peritoneal lavage (DPL), or CT
scan (see Volume 1, Chapter 27). Hemodynamic instability
with evidence of intraperitoneal hemorrhage mandates
exploratory laparotomy (33). Patients with solid organ
injury and stable vital signs can be managed nonoperatively
and may benefit from angiographic embolization.

Bleeding into the Retroperitoneum
Bleeding into the retroperitoneum occurs most commonly
from pelvic ring disruption and can also arise from vascular
or renal injury. Diagnosis may be difficult and depends on a
high degree of suspicion based on the mechanism of injury.
CT scan is definitive, but may be difficult to obtain in the
unstable patient. Treatment can be challenging, as well,
with no good surgical option for hemorrhage from the
posterior pelvis. Prompt reduction of the pelvic volume
with a binder or external fixator can facilitate spontaneous
tamponade in some bleeding pelvic fractures (see Volume
1, Chapter 28) (48). Angiographic embolization of feeding
arteries can also reduce venous plexus bleeding at the cost
of complicating future orthopedic procedures. Careful
control of fluid resuscitation is critical to minimize the
danger of rebleeding in these patients.

Bleeding into Long Bone Compartments
Bleeding into the thighs occurs following femur fracture
and may easily exceed 1000 to 1500 mL acutely. The diagno-
sis is usually readily apparent on physical examination.
Hemorrhage from extremity orthopedic injuries will almost
always resolve spontaneously, although resuscitation will
still be required to replace the acute blood loss. Hemody-
namic instability persisting after the first dose of fluid
should raise a suspicion of vascular injury or of bleeding
in another compartment.

Bleeding Outside the Body
Bleeding outside the body occurs primarily from scalp
and facial injuries, or from avulsions of the extremities.
Diagnosis and treatment of these conditions are both straight-
forward, and firm, direct pressure should be applied to any
visibly bleeding site. The vast majority of open wounds will
stop hemorrhaging with this therapy alone; rarely, a lacerated
artery will require specific attention. Insidious ongoing
hemorrhaging from scalp lacerations can lead to hemody-
namic instability if not promptly addressed, as other more
challenging injuries may divert the provider’s attention.

RESUSCITATION FLUID CHOICES
Crystalloids
Isotonic crystalloids are the initial resuscitative fluids
administered to most trauma patients. They have the
advantage of being inexpensive, readily available, nonaller-
genic, noninfectious, and efficacious in restoring total body
fluid. They are relatively easy to store and administer; they
mix well with most infused medications, and they can be
rapidly warmed to body temperature. Disadvantages of
crystalloids include their lack of oxygen carrying capacity,
their lack of coagulation capability, and their limited intra-
vascular half-life. Table 2 provides composition details of
the commonly employed crystalloids and colloids.

Lactated Ringer’s Solution
Sydney Ringer was a London physician who, in 1882,
concocted a physiologically “balanced” salt solution with
which he could conduct his experiments on frog hearts.
In the 1930s, an American pediatrician, Alexis Hartmann,
was interested in treating children who were acidotic with
cholera, but he had difficulty preparing salt solutions with
bicarbonate, because the boiling procedures used for
sterilization caused a loss of CO2. Thus, Hartman introduced
Na-lactate (Na-C3H5O3) into Ringer’s solution. Thus was
born “lactated Ringer’s” (LR) solution (still referred to as
“Hartmann’s solution” in England). LR is the primary resus-
citation fluid employed in most American prehospital
systems and trauma centers, as well as by the Canadian
Forces (49). LR is formulated with an electrolyte composition
similar to plasma. However, not all plasma constituents are
present; for example, LR contains calcium but not mag-
nesium (Table 2). Lactate is added to provide buffering
capacity. Intrahepatic metabolism converts lactate to bicar-
bonate, mostly via gluconeogenesis, with a consequent
increase in plasma glucose of 50 to 100 mg/dL, following a
liter of LR (50). At some point during resuscitation from
hemorrhage, many trauma patients will likely develop a
lactic acidosis, which we treat with IV fluids. Interestingly,
we routinely administer LR to these patients despite
prohibitions against doing this which are printed on the
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bag. Indeed, Baxter Healthcare Corporation (Deerfield,
Illinois, U.S.A.) states in bold letters on their bag: “Not for
use in the treatment of LACTIC ACIDOSIS.” However, it is
precisely the issue of acidosis for which the American
College of Surgeons recommend in their ATLS Manuel,
“LR solution is the initial fluid of choice. Normal saline
(NS) is the second choice. Although NS is a satisfactory repla-
cement in the volumes administered to injured patients, it
has the potential to cause hyperchloremic acidosis.”

In a rat model of hemorrhage and resuscitation,
Healey et al. (51) showed that NS and LR are equivalent,
following moderate hemorrhage [36% estimated blood
volume (EBV)], but in the setting of massive hemorrhage
(218% EBV), significantly more acidosis occurred, and mor-
tality was 50% higher in the NS group compared to the LR
resuscitated rats.

Similar observations were made by Coran et al. (52) in
a dog shock model comparing NS and LR, although the
degree of hemorrhage was less severe and no difference in
mortality was observed. Since then, the hyperchloremic
acidosis following large quantities of NS administration
has become widely recognized (53).

LR contains 28 mmol/L of lactate in a 50 : 50 mix of
L-lactate and D-lactate. The L-lactate is metabolized in the
liver and kidney to pyruvate and then to HCO3

2
þCO2þ

H2O, or to HCO3
2
þ glucose, providing additional buffer.

D-Lactate cannot be metabolized and is thought to be a cause
of acidosis (54). Accordingly, some authors suggest that LR
should be avoided in cases of elevated serum lactate (55).

Furthermore, evidence is increasingly mounting to
suggest that resuscitation regimens with racemic (L-D
lactate) LR potentiates polymorphonuclear leukocyte
activation and is associated with increased organ injury,
particularly in the lungs (56,57). Although resuscitation
with LR adequately improves hemodynamic parameters
after hemorrhagic shock, it may cause detrimental effects
on the immune response by altering leukocyte function
(58). Additionally, LR increases neutrophil margination,
adhesion, and the expression of adhesion molecules (59).

It should be noted that LR is not truly isotonic, but
rather hypotonic (273 mOsmol/L), explaining why some
neurosurgeons prefer NS to LR. Accordingly, LR is not
the perfect resuscitation crystalloid, however, many of us
continue to use it in trauma resuscitation.

Normal Saline
NS is a mildly hypertonic crystalloid fluid with a somewhat
increased concentration of sodium and chloride compared to
plasma. NS does not contain calcium and is therefore pre-
ferred in many centers as a diluent for transfused blood, as
there will be no chance of interference with citrate anticoagu-
lant. Resuscitation with large quantities of NS will lead to a
predictable hyperchloremic metabolic acidosis (as discussed
above) (51–55). As this nonanion gap metabolic acidosis
may confound the interpretation of blood gas pH and
base deficit values obtained during the resuscitation and
postresuscitation periods, NS is used less frequently for
resuscitation from hemorrhagic shock. Furthermore, some
animal models of hemorrhagic shock demonstrate not only
more acidosis but also worse mortality with NS compared
to LR (51).

Plasmalyte-Aw

Plasmalyte-Aw is an isotonic crystalloid similar to LR, but
without calcium, and with acetate and gluconate instead of
lactate (Table 2). Plasmalyte-A was specifically developed
for use in resuscitation and is designed to be compatible
with transfused blood products. Indeed, Plasmalyte-A con-
tains magnesium, but not calcium (a theoretic advantage
when using as a diluent for blood products). It is less
acidic than LR and is closer to normal plasma osmolarity.
Specific clinical trials comparing different crystalloids in
hemorrhaging trauma patients have not been performed,
meaning that theories regarding their relative efficacy are
mostly speculative.

Colloids
Colloidal solutions have long been advocated for rapid
plasma volume expansion. Like crystalloids, colloids are
readily available, easily stored and administered, and rela-
tively inexpensive. Colloids increase intravascular volume
by drawing free water back into the vascular space. When
IV access is limited, colloidal resuscitation will restore
intravascular volume more rapidly than crystalloid infusion
at a lower volume of administered fluid. Colloids do not
specifically transport oxygen or facilitate clotting, meaning
that their dilutional effect on the blood will be similar
to that of crystalloids. A potential drawback of colloid

Table 2 Composition of Crystalloid and Colloid Resuscitation Solutions

Component LR

NS

(0.9%) P-lyte

HS

(7.5%)

HSD

(7.5%)

Alb

(5%)

Hesp

(6.0%)

Hext.

(6.0%)

D-70

(6%)

Gel

(3.5%)

Sodium (mEq/L) 130 154 140 1282 1282 �145 154 143 154 145

Potassium (mEq/L) 4 0 5 0 0 0 0 3 0 5.1

Chloride (mEq/L) 109 154 98 1282 1282 �145 154 124 154 145

Lactate (mEq/L) 28 0 0 0 0 0 0 28 0 0

Calcium (mEq/L) 2.7 0 0 0 0 0 0 5 0 6.25

Acetate (mEq/L) 0 0 27 0 0 0 0 0 0 0

Gluconate (mEq/L) 0 0 23 0 0 0 0 0 0 0

Magnesium (mEq/L) 0 0 3 0 0 0 0 0.9 0 0

Osmolarity (mOsmol/L) 273 308 294 2562 2562 310 308 302 310 �310

Oncotic Pressure (mmHg) 0 0 0 0 60 20 30 30 60 �37

pH 6.5 5.0 7.4 5.0 5.0 6.9 5.5 ? 5.0 7.3

Abbreviations: Alb, albumin; D-70, dextran-70; Gel, gelatin (HAEMACCEL 3,5% colloidal solution); Hesp, Hespan (hetastarch 6% in NS); Hext.,

Hextend (hetastarch 6% in lactated electrolyte solution); HS, hypertonic saline; HSD, HS in dextran (6%); LR, lactated Ringer; NS, normal saline; P-lyte,

plasma lyte.
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administration during early resuscitation is less repletion of
intracellular volume losses (see the discussion below). The
most commonly used colloids include albumin, gelatins,
starch solutions, dextrose, and plasma.

Albumin
The most commonly used colloid in American trauma care is
5% albumin solution derived from heat-treated human
blood. Albumin will rapidly expand plasma volume and is
associated with few side effects or toxicities. The 25%
albumin will tend to pull water into the blood vessels from
the extravascular space.

Five percent albumin is typically employed when
administered to acute trauma victims, because they have
intracellular as well as intravascular fluid depletion, and
25% albumin could theoretically further dessicate dehy-
drated tissue cells. However, patients with total body fluid
overload and low serum albumin may benefit from 25%
albumin (studies specifically addressing these points do
not yet exist; see below the discussion on colloid-crystalloid
controversy).

Gelatins
Colloids made from gelatins are widely used outside of the
United States. A urea-linked gelatin called Haemaccelw is
commonly used in British Commonwealth countries. Other
differently linked gelatins include Gelofusine and Gelofun-
diol. None of these colloids have been available in the
United States since 1978 because of the high incidence of
hypersensitivity to gelatin. The constituents of Haemacel, a
3.5% colloidal gelatin, are listed in Table 2.

Starch Solutions
These colloids are created by adding polymers of amylo-
pectin to simple saline (Hespanw) or to a “balanced” salt sol-
ution (Hextendw). The molecular weight (MW) is
approximately 500,000 (Pentastarch is an analog with an
MW �250,000), and these solutions are significantly less
expensive than albumin. They may cause some coagulopa-
thy at dose .20 mL/kg or after about 1500 mL. Hextend
appears to be more homeostatic than Hespan in some labora-
tory trials and is becoming the more common choice in
American practice.

Dextrans
Glucose polymer dextrans can also be used as a colloid
volume expander alone or in combination with hypertonic
saline (HS). Dextrans are known to have a von-Willebrand-
like effect on platelet function, however, making them less
desirable as a resuscitation fluid in the actively hemorrha-
ging patient. Dextrans have also been associated with hyper-
sensitivity reactions, and because of this, many practitioners
will give a 20 mL bolus of Promitw (dextran 1, a monovalent
hapten) before infusing a higher MW dextran (60).

Crystalloids vs. Colloids
There is no evidence that crystalloid or colloid solutions are
preferable for replacing intravascular fluid volume. When
they are compared, more of an infused colloid solution
will remain intravascular, so less of it needs to be given to
restore intravascular volume. If giving crystalloids, most
anesthesia and surgical textbooks quote a “3 : 1 rule,” imply-
ing that one-third of the infused crystalloid remains intra-
vascular. Recent studies indicate that the ratio between

infused crystalloid and retained intravascular volume is

actually more than 5 : 1 (61).
A meta-analysis comparing crystalloid with colloid

solutions, conducted in 1989, concluded that trauma patients
should be resuscitated with crystalloid solutions, whereas
colloids were effective in nonseptic, nontraumatic elective
surgical patients (62). A subsequent meta-analysis by Choi
et al. (61) showed no apparent difference in pulmonary
edema, mortality, or length of stay between isotonic crystal-
loid and colloid resuscitation in the general population.
However, there was a lower mortality rate in trauma patients
who received crystalloids compared to colloids in the Choi
meta-analysis (63). A recent Cochrane Review concluded
that there is no evidence from randomized controlled trials
that resuscitation with colloids reduces the risk of death com-
pared with crystalloids in patients with trauma or burns (64).

With specific focus on the albumin versus crystalloid
debate, a meta-analysis of 24 trials (1419 patients) published
by the Cochrane Group Albumin Reviewers (65) suggested
that the administration of albumin-containing fluids resulted
in a 6% increase in the absolute risk of death compared to
patients who received only crystalloid solutions. A sub-
sequent larger meta-analysis of 55 trials (3504 patients) in a
general population of patients did not find a significant
increase in the risk of death (66).

In a recent and widely publicized randomized con-
trolled trial (RCT), the Saline versus Albumin Fluid Evalu-
ation (SAFE) study (67), conducted in ICUs located in New
Zealand and Australia, evaluated outcomes in 6997 patients
(3497 randomized to 4% albumin and 3500 randomized to
receive normal saline). The SAFE study (67) demonstrated
similar mortality at 28 days for both groups. However, the
trauma subgroup tended to do worse with albumin;
whereas, the severe sepsis group did slightly better compared
to saline (67). The SAFE study authors acknowledged that
their subgroups were not sufficiently powered to provide
statistically valid assertions and that these specific groups
require further study.

More recently, a European multicenter trial, the Sepsis
Occurrence in Acutely Ill Patients (SOAP) study, evaluated
outcomes in a heterogeneous group of critically ill
patients, only some of whom had sustained trauma (68).
The SOAP study concluded that albumin administration
resulted in generally worse outcomes at 30 days, especially
in the trauma subpopulation (68). However, this observa-
tional study did not provide the indications for albumin
administration, the baseline serum albumin levels or sub-
group evaluation of baseline hypoalbuminemic patients.
Furthermore, the SOAP study was not designed to address
the question of albumin administration, thus, results are
inconclusive (68).

The current bottom line is that the colloid-crystalloid
debate remains alive, and that a specific RCT evaluating
trauma patients with stratification between those who are
hypoalbuminemic compared to those having normal
serum albumin levels still needs to be conducted.

The special operations medical command of the
United States military has adopted guidelines for fluid
resuscitation in the field based on the logistical advantages
of colloid solutions (less volume to transport) and the
austere conditions that apply. Aggressive fluid resuscitation
with LR is not recommended for Tactical Combat Casualty
Care in Special Operations (69). Hespan is the current fluid
of choice and is given in accordance with the guidelines in
Table 3. However, HS (see below) may soon become the far
forward resuscitation fluid of choice (70).
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Hypertonic Saline
HS solutions, with or without the addition of polymerized
dextran (HS or HSD), have been extensively studied in
resuscitation from hemorrhagic shock (71). A mixture of
6% dextran 70 with 7.5% HS has been approved in several
European countries for use as a resuscitative fluid (Rescue-
Floww). It is intended to provide a “small-volume” (4 mL/
kg) means of resuscitation. This has made HS a popular
choice for fluid resuscitation under austere conditions.
Multiple studies of otherwise lethal hemorrhage in animals
have demonstrated improved survival following resuscita-
tion with HSD compared with either NS solution or the
components of HSD alone.

Studies of the efficacy of HSD in trauma patients have
been mainly supportive. Mattox et al. (72) showed in 1991
that prehospital HSD resulted in a survival benefit in pene-
trating injuries and a decrease in infectious complications.
The most obvious benefit to date has been in a subset of
polytraumatized patients with both hemorrhage and TBI,
where improved neurologic status was demonstrated in
the patients who received HSD as a resuscitation fluid (71).
Indeed, HS is commonly used as an osmotic agent in the
management of TBI with elevated intracranial pressure
(ICP). Also, both HS and HSD have been shown to decrease
neutrophil activation early, following resuscitation (73). Fur-
thermore, Coimbra et al. (74) have demonstrated that HS
resuscitation decreases the susceptibility to sepsis following
hemorrhagic shock.

Blood Products
Early access to blood products is essential. Loss of oxygen-
carrying capacity will critically complicate the management
of hemorrhagic shock, contributing to tissue ischemia even
in the face of high cardiac output. Avoidance of hemo-
dilution is critical to the management of early hemorrhagic

shock, both to preserve hematocrit and to facilitate
hemostasis.

Packed Red Blood Cells
Immediate access to uncrossmatched type-O blood can be life
saving, and must be available in any major trauma center (see
Volume 2, Chapter 59). PRBCs should be immediately
administered to any patient who appears to be in ongoing
hemorrhagic shock. Far more risk arises from delay in transfu-
sion than from the therapy itself: viral transmission is near
zero, and allergic reactions to emergently administered Oþ

or O2 blood are extremely rare (75). Cross-matched blood
should be used as soon as it becomes available.

Risks of PBRC administration include transfusion
reaction, transmission of infectious agents, and hypother-
mia. PRBC are stored at 48C, and will lower the patient’s

temperature rapidly if not infused through a warming
device or mixed with warmed isotonic crystalloid at the
time of administration. Premixing with crystalloid will also
reduce the viscosity of PRBC, allowing for more rapid
administration. Viral infection transmission rates have
been significantly reduced in recent years, with current esti-
mates of risk at 1 : 63,000 for any agent, 1 : 150,000 for
Hepatitis C, and 1 : 1,000,000 for HIV (76). Cross-matched
blood carries a risk for major transfusion reaction of less
than 1 : 100,000 (largely due to clerical error); the risk
for type-specific or type O blood is quoted at 1 : 100 to
1 : 10,000, although there were no hemolytic transfusion
reactions observed in more than 100,000 transfusions of
uncrossmatched blood during the Vietnam War (77).

Rapid transfusion of banked blood carries the risk
of inducing “citrate intoxication” in the recipient (78).
Processed red blood cells are packaged with citrate to bind
free calcium and thus inhibit the clotting cascade. Rapid
administration of multiple units of banked blood over-
whelms the body’s ability to mobilize free calcium, causing
a marked reduction in circulating free calcium. Unrecog-
nized hypocalcemia is a common cause of hypotension
that persists despite an adequate volume of resuscitation.

Ionized calcium level should be measured at regular
intervals in the hemorrhaging patient, and calcium should

be administered as needed (in a separate IV line from trans-
fusion products) to maintain serum levels.

Plasma
Plasma therapy is indicated in any patient with a transfusion
requirement in excess of six units of PRBC in the acute phase
(33). Plasma should be started even earlier in patients with
significant injuries and obvious ongoing bleeding. Many
large hospitals now maintain a supply of prethawed fresh
plasma that can be rapidly accessed [thawed fresh plasma
as opposed to fresh frozen plasma (FFP)] that can be
issued quickly in response to an emergent need. Cryopreci-
pitate or coagulation factor preparations are seldom indi-
cated in the absence of a known congenital factor deficiency.

Recent evidence from the war in Iraq suggests that
whole blood is superior than component therapy. If whole
blood is not available, FFP : PRBC ratio of 1 : 1 or 1 : 2 may
prove beneficial in rapidly increasing intravascular volume
and correcting coagulation factor washout induced by
massive infusion of crystalloids.

Platelets
Platelet count will remain adequate in the hemorrhaging
trauma patient longer than either the hematocrit or coagu-
lation parameters, but platelet transfusion will still be
required in any patient suffering an acute blood loss
greater than 1.5 blood volumes (33). Platelet transfusion
should be reserved for massively bleeding patients and for
clinically coagulopathic patients with a documented low
serum level (,50,000). Although the development of coagu-
lopathy in elective surgical patients is usually the result
of platelet deficiency, the same is not true in trauma
patients, who are more apt to suffer from consumption of
coagulation factors. Transfused platelets have a very short
serum half-life and should only be administered to patients
with a visible coagulopathy. Platelets should not be
administered through filters, warmers, or rapid infusion
devices, because they will bond to the inner surfaces of
these devices, reducing the quantity actually reaching the
circulation.

Table 3 U.S. Military Tactical Combat Casualty Care

Guidelines for Fluid Resuscitation

Condition Recommended treatment

Controlled hemorrhage

without shock

No fluids necessary

Controlled hemorrhage with shock Hespan 1000 cc

Uncontrolled hemorrhage

(intra-abdominal or thoracic)

No IV fluid resuscitation

Shock is diagnosed by pulse, appearance, and mental status.

Abbreviation: IV, intravenous.
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Blood Substitutes
Perfluorocarbons
Perfluorocarbons (PFCs) are highly fluorinated carbon
chains originally developed to handle uranium isotopes.
They are chemically and biologically inert, but are capable
of dissolving large volumes of O2 and CO2. When the
partial pressure of O2 in blood is 100 mmHg, the amount
of O2 that can be dissolved in a PFC is about 10 mL/dL
versus about 0.5 mL/dL that can be dissolved in plasma,
and 20 mL/dL that can be dissolved in blood at a Hb concen-
tration of 15 (Fig. 2). A purported advantage of PFC over Hb
is that O2 is more readily unloaded from a PFC solution
into tissue. Pure PFCs are not miscible in water and must
be prepared as an emulsion for IV use by mixing with a
phospholipid surfactant to produce submicron droplets.
This reduces the O2 carrying capacity in one product,

Oxygentw (C8F17Br), to about 3 mL/dL, still a significant
increase compared with plasma (79). Some of the side
effects of PFCs include limited shelf life, flu-like syndrome,
activation of compliment, and phagocytes (Table 4) (80).

Hemoglobin-Based Oxygen Carriers
With the progress that is being made today in the develop-
ment of hemoglobin-based oxygen carriers (HBOCs), early
forms of “artificial blood” may well be in clinical use
within the next few years. Advantages of HBOCs include
longer shelf life, lower cost, no need for cross matching,
and minimal risk of viral transmission. Issues have included
short half-life, overly high oxygen affinity, renal toxicity,
and vasopressor effects. To date, the only trial of an HBOC
in human trauma patients was terminated prematurely
because of increased mortality in the patients who received
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Figure 2 Oxyhemoglobin dissociation curves for natural hemoglobin (Hb), blood, and modified Hb and perfluorocarbon emulsions.

Abbreviations: DCL Hb, diaspirin cross-linked hemoglobin; rHb, recombinant hemoglobin. Source: From Ref. 80.

Table 4 Side Effects of Blood Substitutes

Blood substitutes Side effect Comments

HBOCs Vasoactivity (systemic and pulmonary) Stroma-free Hb leaks through vascular endothelium scavaging NO,

causing vasoconstriction of both pulmonary and systemic blood

vessels

Nephrotoxicity Glomerular filtration of Hb dimmers, leading to tubular obstruc-

tion. The polymerized or cross-linked HBOCs in phase 3 trials

do not have this toxicity

Macrophage interference Hb interferes with macrophage ingestion of bacteria

Antigenicity Antibodies to xenogeneic Hb may occur

Oxidation on storage Room air exposure may result in production of methemoglobins

Activation of: complement,

kinin, and coagulation

Free Hb increases platelet aggregation by NO scavenging

Iron deposition Hemochromatosis and iron overload

Gastrointestinal distress NO binding may cause GI smooth muscle spasm

Neurotoxicity Stroma-free Hb may cause excitatory neurotoxicity

Free radicals Stroma-free Hb and its breakdown products, heme, and free

iron, can contribute to the generation of oxygen-free radicals

in tissue

Interference with diagnosis of

transfusion reaction

Hemoglobinuria and the presence of plasma Hb, not due to

hemolysis, may confound the diagnosis of that due to hemolysis

Interference with laboratory values Hematocrits are unreliable. Rather, [Hb] must be followed

PFCs Limited shelf life Emulsions coalescence into progressively larger droplets (and less

surface area through which O2 may diffuse)

Flu-like symptoms Acute and transient facial flushing and backache

Complement and phagocyte activation Perfluorocarbons are retained by the RES, resulting in RES

suppression

Abbreviations: Hb, hemoglobin; HBOCs, Hb-based oxygen carriers; NO, nitric oxide; PFCs, perfluorocarbons; RES, reticuloendothelial system.
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the investigational product (81). Solutions of free Hb now
exist that have been modified so as to prevent dissociation
of the Hb tetramer into dimers, thereby preventing renal
toxicity, while improved product purity has limited vasocon-
strictive toxicity. A transfusion-sparing effect, with minimal
toxicity, has been suggested in the elective surgical
population, leading to several new trials now underway in
trauma patients.

GUIDEPOSTS AND ENDPOINTS FOR RESUSCITATION

Table 5 shows the recommended targets for early and late
resuscitation from hemorrhagic shock. The targets are
different, because in early shock the patient is still bleeding,
and aggressive fluid administration may worsen this
problem. In late resuscitation, the bleeding has been
controlled, and all efforts can be directed toward maximal
restoration of systemic perfusion.

PerfusionTargets for Early Resuscitation
Blood Pressure
BP is one of the easiest indicators of hemodynamic status to
assess, but may be one of the most misleading. Increases
in BP in response to fluid therapy do not reliably equate
to improvements in perfusion, particularly in the vasocon-
stricted patient. Increases in BP will increase the potential
for rebleeding, though, and may thus perpetuate hemorrha-
gic shock (47,82,83). One published study has shown
improved outcome with no immediate fluid administration
in patients with hemorrhagic shock and penetrating torso
trauma (5). A second prospective clinical trial comparing
fluid management titrated to an SBP of 70 mmHg to titration
to an SBP .100 mmHg found no improvement in the
outcome with the higher pressure (6). In the absence of
contraindications to hypotension (see below), an SBP no
higher than 90 mmHg is recommended in the patient with
ongoing hemorrhage.

Lactate and Base Deficit
Lactate and base deficit should be followed closely in
early resuscitation (19). In early hemorrhagic shock, the clin-
ician should be administering enough volume that tissue
acidosis is not worsening. Arterial pH does not need to be

normalized at this stage, but it should not be getting any
worse. The hematocrit should be maintained in the 25% to
30% range or higher, if further blood loss is likely. Platelet
count should be kept above 50,000, and prothrombin time
(PT) and partial thromboplastin time (PTT) should be main-
tained as close to normal as possible (33).

Central Venous and Pulmonary Artery Pressure
Central venous and PA pressures should be maintained at a
level that is adequate to support the desired SBP. As the
resuscitation continues, the anesthesiologist should strive
to increase blood volume (and thus central pressures)
without raising SBP. This can be accomplished by the admin-
istration of anesthetic agents simultaneously with increases
in volume. The goal is to convert the wide-awake, vasocon-
stricted shock patient into a deeply anesthetized, vasodilated
one, without ever raising the SBP above 100 mmHg.

Transesophageal Echocardiography
The TEE can help the management of the hemorrhaging
trauma patient in several ways. TEE can be used to directly
assess ventricular volume, as the end diastolic area of the left
ventricle is the most accurate measure of preload (84). In
complicated cases of hemorrhagic shock (combined myocar-
dial ischemia and hypovolemia), TEE can guide the use of
inotropic agents (38). Additionally, the TEE can be helpful
in detecting pericardial tamponade, aortic injuries, and
valvular problems. Use of the TEE in trauma and critical
care is more fully discussed in Volume 2, Chapter 21.

End-Organ Perfusion
No single marker of end-organ perfusion has been shown to
reliably reflect the adequacy of early resuscitation. Accord-
ingly, multiple measures of perfusion are sought. Chief
among these are mentation, urine output, pulse oximetry,
gastric tonometry, and direct tissue oximetry.

Mentation is usually difficult to assess because of
head injury, intoxication, or anesthetic agents administered
during early resuscitation. In austere environments, how-
ever, mental status can be an important guide to the need for
further fluid administration.

Urine output should be closely followed during early
resuscitation. Adequate output does not necessarily reflect
adequate perfusion, but diminished output may indicate
the need for further fluid administration (33).

Pulse oximetry is a useful secondary indicator of
perfusion. Failure of the pulse oximeter to capture a signal
suggests a severe degree of hypothermia, peripheral vaso-
constriction, or both (39). Further administration of volume
and anesthetic agents are likely indicated.

Gastric tonometry is seldom helpful in early resuscita-
tion, but does correlate well in post-trauma ICU patients
(40,41). Further technologies, based on the direct assessment
of tissue acidosis [such as sublingual capnometry (85)], will
be useful to the clinician if they produce data rapidly and
reliably in the dynamic ED and OR environment.

Direct measurement of tissue oxygenation using near-
infrared spectroscopy is under study in a number of ICUs and
has shown promise as a guide to resuscitative therapy (86).

PerfusionTargets for Late Resuscitation
Table 5 also shows the targets for late resuscitation. In
general, once the bleeding has stopped, the object is to
restore normal perfusion as quickly as possible. In most

Table 5 Goals for Early and Late Resuscitation

Parameter Early Late

SBP 90 mmHg .100 mmHg

Pulse ,120 ,100

Hematocrit .25% .20%

Serum lactate Less than first

observed value

Normal

Cardiac output Adequate to maintain

pressure and lactate

targets

Maximized

Blood gas No respiratory acidosis

Metabolic acidosis tolerated,

if not worsening

Normal

Resuscitation parameters assume the patient is young, healthy, and free of

traumatic brain injury. Early resuscitation is defined as the period prior to

definitive control of hemorrhage.
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patients, this will mean loading them with volume until the
cardiac output has reached its highest point (87). Perfusion
can be assessed by following the serum lactate level; patients
who clear their lactate rapidly have much better clinical out-
comes than those who do not (19,34). Assessment of lactate
early in the patient’s postoperative course is one way to
avoid the phenomenon of occult hypoperfusion. More
detail on the goals of late resuscitation can be found in
Volume 1, Chapter 18 and Volume 2, Chapter 18.

In actual clinical practice, the distinction between early
and late resuscitation can be hard to identify. Theory dictates
that aggressive volume administration should begin the
moment the patient is no longer at risk for rebleeding. In
some cases, this is straightforward: surgical or angiographic
therapy has definitively controlled the site of hemorrhage. In
other cases, such as retroperitoneal hemorrhage from pelvic
fractures or nonoperatively managed visceral injuries, more
caution must be taken with volume administration. Titrating
administered fluids in small divided doses, while simul-
taneously supplying whatever analgesic or sedative medi-
cations are required to keep the patient comfortable, is the
surest way to restore vascular volume without generating
excessive BP.

CONTROVERSIES IN EARLY RESUSCITATION

Fluid resuscitation strategy is an evolving science, with
many open questions remaining to be answered. Some of
these areas are highly controversial, because the newer
theory is in sharp contrast to traditional teaching.

Controlled Hypotension?
It is clear from numerous animal studies that aggressive
volume administration during active hemorrhage will
increase ongoing blood loss, even as it transiently nor-
malizes the BP (47,82,83). If fluid is withheld, there is a
chance that the patient will suffer an ischemic injury, such
as organ system failure or will progress to pulseless electrical
activity. Yet, two human trials have now reported on the
safety of limiting fluids during active hemorrhage and
suggested that this therapy may be efficacious in controlling
blood loss and preserving tissue oxygen delivery (5,6).

The best that can be advocated at this time is a titrated
approach to the administration of fluids, much like the way
in which morphine is administered for pain control. This
is especially true of crystalloid administration, because of
the potential for acute hemodilution. The BP should be
allowed to rise no higher than necessary, while PRBC and
plasma therapy should be instituted as soon as possible.

Wait and Resuscitate or Go to the Operating Room?
The timing of surgical procedures—particularly, orthopedic
ones—following trauma is controversial because of the
potential for exacerbating the effects of TBI or occult hypo-
perfusion in exchange for a small gain in cosmetic
outcome or the prevention of infection. While numerous
studies have detailed the advantages of early fracture fix-
ation, including lower cost, better healing, earlier patient
mobility, and reduced risk of infection or pulmonary
embolus (88,89), some have shown that early fracture fix-
ation leads to the administration of greater volumes of
fluid and worsened neurologic outcome from TBI (90,91).

In general, it is recommended that the trauma patient
be adequately resuscitated before coming to the OR for
anything less urgent than hemorrhage control, craniotomy,
or salvage of a threatened limb. In all other cases, the
patient should be stabilized first, prior to undergoing the
inevitable hemodynamic perturbations of anesthesia and
surgery.

What Is the Appropriate TransfusionThreshold?
The AIDS epidemic and resulting shortage of blood for
transfusion led in the 1980s to the revision of longstanding
guidelines for transfusion and maintenance of hematocrit,
with the result that many trauma patients—especially, the
young ones—were allowed to remain with hematocrits as
low as 18%. With the increasing safety of the blood supply
and a growing realization of the importance of an adequate
hematocrit in restoring perfusion, the blood transfusion
pendulum has swung back in the past decade. The ideal
hematocrit is not known and is probably different for each
individual patient in any case. Current guidelines call for a
minimum hematocrit around 25%, with older patients,
those with significant medical histories, and those with a
high potential for further hemorrhage from future pro-
cedures, maintained at an even higher level (33).

SPECIAL CASES IN FLUID RESUSCITATION

Patients in certain vulnerable populations will require an
adjustment of resuscitation strategy, because their under-
lying state of health or the specific nature of their injuries
changes some of the underlying risk-benefit calculation.

Elderly Patients
Physiologic reserve diminishes predictably with age, and
this includes the ability to tolerate periods of ischemia
(see Volume 1, Chapter 36). Many elderly patients have
adapted to a higher than normal resting BP, meaning that
titration of fluid therapy to a hypotensive endpoint may
not adequately support end organ perfusion. Of course,
these same elderly patients are also at increased risk from
ongoing hemorrhage, making it even more imperative that
blood loss be promptly diagnosed and treated.

Absent a thorough understanding of the patient’s
preinjury physiology, deliberate hypotensive resuscitation
is not recommended in patients over the age of 65. Fluid
therapy must still be carefully titrated and should not be
allowed to become excessive. In the older patient with sig-
nificant or ongoing blood loss, early assessment of cardiac
performance (by PA catheter or TEE) can be life saving (92).

Head-Injured Patients
Patients with TBI may represent an exception to the rec-
ommendation for hypotensive resuscitation during active
hemorrhage because of the well-documented association
between periods of low BP and worsened outcome from
TBI (see Volume 1, Chapter 23 and Volume 2, Chapter 12).
In theory, part of the pathophysiology of primary TBI is to
make the brain more susceptible to the “second hit” pro-
duced by a period of systemic hypoperfusion (93). Much
the same argument can be made for patients with spinal
cord injuries, where current therapy stresses the mainten-
ance of mean arterial pressure (MAP) in the 80–90 mmHg
range (94). The clinician is thus in a no-win situation:
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elevate the BP to support brain perfusion and risk death
from hemorrhage or use hypotension as a tool to control
hemorrhage and risk death from TBI. In actuality, patients
with the combination of TBI and hemorrhagic shock do
much worse than patients with either problem alone (95).
One laboratory study that examined this issue suggested
that deliberate hypotension might still be of value in the
presence of TBI, due to avoidance of hemodilution (96).

Short of the development of a real-time monitor for
cerebral perfusion, the clinician will be forced to steer a
blind course in the patient with TBI and active hemorrhage.
Early CT scanning may help to quantify the patient’s inju-
ries, allowing a more informed assessment of risks. Many
therapeutic choices will be appropriate for either condition:
support of the hematocrit and early administration of
plasma, for example. How much crystalloid to administer
and what BP target to strive for will be open questions,
strongly influenced by the physician’s assessment of the
relative risks of hemorrhage and TBI in that specific patient.

Patients with Cardiac Dysfunction
Patients with known or strongly suspected cardiac dysfunc-
tion should be managed like the elderly patients dis-
cussed above, for many of the same reasons (also see
Volume 2, Chapters 18 and 19). Cardiac disease removes
the close coupling between volume status and BP that
most clinicians depend on to guide early resuscitation,
making it even more likely that aggressive fluid adminis-
tration will cause the patient to deteriorate. The only solution
to this problem is an increase in the intensity of monitoring in
the early phase of resuscitation, so that cardiac performance
can be directly assessed; this means either the early use of a
PA catheter or continuous monitoring with TEE. Again,
the goal is to continually adjust the administration of
fluid volume, inotropic agents, anesthetics, and pressors to
produce the best possible cardiac output at the lowest poss-
ible heart rate. Maximizing the stroke volume in this way
will provide the best possible oxygen supply and demand
balance in the ischemia-limited heart (97).

Cardiac selective beta-adrenergic blockade adminis-
tered continuously in the perioperative period has been
shown to improve survival, following major elective sur-
geries in vulnerable patient populations (98,99). This may
be true as well in elderly or cardiac-impaired trauma patients,
although no clinical trial in this population has yet been
reported. Certainly, the clinician should consider this
therapy in any patient with rate-dependent ischemia, even
in the presence of acute hemorrhage. Retrospective study of
a diverse population of hemorrhaging trauma patients
suggests that those who do not elevate their heart rate in
response to shock have improved long-term survival (100).

EYE TO THE FUTURE

Future developments in the early resuscitation of patients
from hemorrhagic shock will focus on three key areas: moni-
tors that more accurately reflect critical ischemia, agents and
techniques that produce more rapid control of hemorrhage,
and “silver bullet” medications that can block portions of
the inflammatory cascade.

Better Monitors
The need for improvement in the information available to
the clinician has been referred to at many points above.

The availability to determine how much shock is too
much, for a single organ system or for the patient as a
whole, will make it far easier to administer the correct
dose of fluids in the early phase of resuscitation. To be
truly useful, any new monitor will have to be simple to
use, highly calibrated to the severity of ischemia, and
rapid enough in its response to be useful in the highly
dynamic prehospital, ED, and OR environment. Whereas
gastric tonometry has proven too cumbersome for routine
use, sublingual capnometry may offer many of the same
benefits with fewer logistical difficulties (see Volume 2,
Chapter 10) (85). Near-infrared tissue spectrometry has
also been proposed as a means of assessing peripheral per-
fusion and is currently in use in the ICU in a number of
trauma centers (86).

Improved Hemorrhage Control
The more rapidly hemorrhage can be stopped, the less of a
problem early resuscitation will be. If ongoing hemorrhage
and the potential for rebleeding are not issues, then fluid
management becomes a simple matter of giving enough
volume to maximize the cardiac output. Damage control
(3) and angiographic embolization techniques (4) have furth-
ered this cause in the past decade. Intraoperative use of
locally applied thrombotic agents (fibrin sprays, thrombin
bandages) and systemic use of procoagulants, such as
factor VIIa, will shorten the period of active hemorrhage
further (101,102).

Better FluidsçBlunting Reperfusion Injury
The ultimate resuscitation solution may combine a host of
recently recognized properties, for example, HS associated
with molecules that protect cells from ischemia and/or
protect them following reperfusion. Agents capable of
mitigating reperfusion injury and blunting the systemic
inflammatory cascade following a period of hypoperfusion
have been under study for some years. Although some
compounds are showing promise in this area, no single
compound or “cocktail” has yet proven efficacious in clinical
trials. Past failure of potential “silver bullets” to show a
benefit in trauma patients is a testament to the heterogeneity
of the population and the complexity of chemical inter-
actions that occur during and after hemorrhage. However,
as our understanding of the shock cascade advances,
successful chemical strategies for mitigating reperfusion
may emerge. Two such promising agents are Ringer’s
ethyl pyruvate solution (REPS) (103), and PTX (104).

Ringer’s Ethyl Pyruvate Solution
The three-carbon carboxylic acid, pyruvic acid, is integral to
intermediary metabolism of glucose and most aliphatic
amino acids. Pyruvate reacts with coenzyme A to form
acetyl-coA and is the rate-limiting step in the Krebs cycle.
Pyruvate also serves as a reactive oxygen species scavanger
(105). Despite the obvious potential advantages of pyruvate
as a constituent of resuscitation fluids, it has not been exten-
sively studied, partly because pyruvate is a fairly unstable
compound. An analog of pyruvate (ethyl pyruvate) has
proven to be more stable but less soluble in pure water.
Recently, Sims et al. (106) discovered that ethyl pyruvate is
much more soluble in a balanced salt solution (analogous
to Ringer’s lactate).

Sims showed that rats treated with REPS tended to
preserve their normal intestinal mucosal histology and had
far less mucosal leakiness compared to controls that were
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subjected to mesenteric ischemia. More recently, Tawadrous
et al. (107) showed that resuscitation with REPS instead of
Ringer’s lactate alone improved survival and decreased
mucosal damage and ameliorated lipid peroxidation in
liver and gut. Treatment with REPS has also been shown to
block TNF-a release in mice injected with lipopolysacchar-
ide (108). Taken together, these studies suggest that
additional work needs to be done to further investigate the
role of ethyl pyruvate in resuscitation from hemorrhagic
shock.

Pentoxifylline
PTX (1-[5-oxohexyl]-3,7-dimethylxanthine), a methylxan-
thine derivative and nonspecific phosphodiesterase inhibi-
tor, has been used as a rheologic agent in the treatment of
intermittent claudication and cerebrovascular atherosclero-
tic disease (109). PTX improves microcirculatory blood
flow by increasing the conformational changes of red
blood cells in arterial insufficiency conditions. PTX has also
been found to attenuate the inflammatory response associ-
ated with cardiopulmonary sepsis, and ARDS in neonates.
Recent studies have focussed on PTX effects on the neutro-
phil during the inflammatory response.

Recently, researchers have begun to investigate critical
steps in the inflammatory cascade as potential targets for
treatment strategies after hemorrhagic shock and sepsis
after trauma. Initial enthusiasm for PTX was lost, because
it was used as a magic bullet in a series of underresuscitated
or nonresuscitated hemorrhagic shock models. Used as an
adjunct to conventional fluid resuscitation, the initial
results are encouraging.

In hemorrhagic shock models, PTX administered
during and after hemorrhage improves tissue oxygenation
(110), intestinal blood flow (111), and animal survival (112).
The incidence of shock-induced bacterial translocation and
subsequent tissue damage is significantly diminished in
rats treated with PTX after reinfusion of shed blood (113).
Pretreatment with PTX slightly enhances blood clearance
of Escherichia coli and significantly reduces lung and
kidney colonization after hemorrhage and endotoxemia
in chinchillas (114). Animal studies have demonstrated a
beneficial effect of PTX in models of ischemia reperfusion
in liver (115) and endothelial cells (116). Silomon et al.
(117) showed that PTX decreased hepatocyte lipid peroxi-
dation and inhibited hepatocyte ionized Ca2þ (iCa2þ)
influx in a hemorrhagic shock model. With no adverse side
effects, PTX treatment improved cardiopulmonary function
in septic shock patients (118).

PTX resuscitation demonstrated no deleterious
hemodynamic effects when used as an adjunct to traditional
fluid resuscitation in a canine model of hemorrhagic shock
(119). These experiments suggest that PTX is safe, both
hemodynamically and metabolically, to administer after
hemorrhagic shock.

Several similarities between HS and PTX have been
observed involving the inflammatory response. The effects
of HS on the macro- and microcirculation associated with
the anti-inflammatory effects of both HS and PTX make
their combination an attractive strategy for hemorrhagic
shock resuscitation (104,120). Coimbra et al. recognized
these similarities, and proposed that a combination of HS
and PTX (HSPTX) would down-regulate neutrophil
activation and inflammatory mediator synthesis, possibly
by acting at different steps of the signaling pathways,
ultimately leading to an enhanced effect with both com-
pounds. Coimbra et al. (121) previously demonstrated that
HSPTX attenuates neutrophil activation by decreasing
oxidative burst and adhesion molecule expression as well
as proinflammatory mediator production.

These findings led them recently to hypothesize that
hypertonic saline PTX (HSPTX), as opposed to RL, would
attenuate end-organ injury without compromising hemody-
namics. These investigators recently investigated the effects
of HSPTX as a hemorrhagic shock resuscitation formula on
lung and gut injury, and on the restoration of BP, providing
results strongly supporting their theory (122).

In this study, there were no differences in mean arterial
pressure between groups. At 24 hours, the bronchoalveolar
lavage fluid leukocyte count was decreased by 30% in
HSPTX-resuscitated animals (P , 0.01). The inflammatory
mediators TNF-a and IL-1b levels were also markedly
decreased in the HSPTX group compared with their
RL counterparts (P , 0.01). HSPTX-resuscitated animals
(lung injury score ¼ 1.0+ 0.4) had markedly decreased
acute lung injury compared with RL-treated animals
(2.5+ 0.3) (P , 0.01) (Fig. 3). RL resuscitation led to a two-
fold increase in lung neutrophil infiltration, whereas in
HSPTX-treated animals, the number of myeloperoxidase þ
cells was similar to sham animals (P , 0.001). Intestinal
injury was also markedly attenuated by HSPTX (1.1+ 0.3)
compared with RL animals (2.6+ 0.4) (P , 0.001) (Fig. 4).

A picture is worth a thousand words (Figs. 3 and 4).
Although much additional work is required to identify
the optimum resuscitation fluid, the HSPTX formula is a
major step toward this goal. Future work will be needed to
determine the duration of the initial marked immunomodu-
lation and marked decrease in end-organ damage.

Figure 3 Lung injury. Lungs were harvested at 24 hours after shock and resuscitation and evaluated by a pathologist unaware of the groups the

animals belonged to (P.W.). (A) The normal appearance of lung specimens from sham animals. (B) The appearance of lungs from RL-treated

animals. Note the marked inflammatory infiltrate, alveolar-capillary membrane thickening, hyaline membrane formation, and some areas of

hemorrhage and alveolar edema. (C) The histologic appearance of lungs form HSPTX-treated animals. Note the similarity compared with sham

animals. Source: From Ref. 122.
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SUMMARY

Fluid resuscitation strategy depends on a thorough under-
standing of the underlying physiology of shock, on knowl-
edge of the effects of fluid therapy on active hemorrhage,
and on the ability to synthesize this scientific background
with the clinical presentation of an individual patient. In
general, the targets for early and late resuscitation outlined
in Table 5 will provide a reasonable guide for fluid therapy
in most trauma patients. It is then the art of the physician
to know when and how to adjust this therapy, when to
restrict fluids, when to administer them aggressively, when
to use inotropic or anesthetic agents, and how to judge the
patient’s injuries and their response to therapy. The ideal
fluid type, quantity, and administration timing vary with
the patient’s condition and clinical circumstances. Newer
fluids and compounds (HS, REPS, PTX) are showing
promise and may be more widely used in the near future.

KEY POINTS

In young patients, with normal underlying cardiac
function, fluid administration titrated to achieving the
highest possible cardiac output will maximize tissue
oxygen delivery. However, aggressive fluid adminis-
tration may not be the best initial strategy.
In early resuscitation, few physiologic markers exist to
guide fluid repletion, and too much fluid may be as
dangerous as too little.
Ischemic organ system injury is much more likely to
occur in patients who are both hypovolemic and hypo-
tensive, despite, or partially because of, maximum
vasoconstriction.
The cellular and microvascular response to ischemia is
only crudely understood at this time; however, three
important pathophysiologic responses that contribute
to the shock cascade are known: apoptosis, reperfusion
injury, and the no-reflow phenomenon.
The patient suffering shock from both hemorrhage and
simultaneous myocardial failure is extremely difficult
to manage, requiring moment-to-moment assessment
with pulmonary artery (PA) pressure monitoring and/
or transesophageal echocardiography (TEE) and care-
fully titrated administration of volume and inotropic
agents.
The lungs are often the first organ system to fail in
MODS, and prolonged ventilatory support is common
in trauma patients requiring transfusion of more than
10 units of red blood cells, even in the absence of
direct thoracic trauma.
The more the clinician knows about the patient, the
more accurate the clinical management can become.
Normal vital signs do not indicate adequate resuscita-
tion; indeed, patients may lose up to 30% of blood
volume prior to significant vital sign changes.
Lactate and base deficit are both good early measures of
the depth of shock, and are currently the best single
markers available for the adequacy of resuscitation (19).
TEE can provide pressure information only by infer-
ence, but is the best available test for assessing
volume status and cardiac function.
Assessment of cardiac performance and vascular pressure
is still one step removed from the information the clinician
is really seeking: the adequacy of tissue perfusion.

Figure 4 Gut injury. Samples of distal ileum were harvested 24

hours after shock and resuscitation and evaluated by a pathologist

unaware of the groups the animals belonged to (P.W.). (A) The

normal appearance of gut specimens from sham animals. (B) The

gut appearance in RL-treated animals. Note the striking epithelial

necrosis, inflammatory infiltrate, and destruction of the villi. (C)

The histologic appearance of intestines from hypertonic saline

pentoxifylline treated animals. Note the similarity compared with

sham animals. Source: From Ref. 122.
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Traumatic blood loss typically occurs into one of five
compartments: chest, abdomen, retroperitoneum,
extremities, and outside. Bleeding into each of these
compartments mandates a different diagnostic and
therapeutic strategy.
Recent studies indicate that the ratio between infused
crystalloid and retained intravascular volume is actu-
ally more than 5 : 1 (50).
Avoidance of hemodilution is critical to the manage-
ment of early hemorrhagic shock, both to preserve hem-
atocrit and to facilitate hemostasis.
Ionized calcium level should be measured at regular
intervals in the hemorrhaging patient, and calcium
should be administered as needed (in a separate IV
line from transfusion products) to maintain serum levels.
Fluid resuscitation strategy is an evolving science, with
many open questions remaining to be answered.
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INTRODUCTION

Immediately after assuring airway patency and ventilation
adequacy (Volume 1, Chapter 8), vascular access is achieved
(Volume 1, Chapter 10), and the circulatory status is assessed
and resuscitated as required. The initial focus during circula-
tory resuscitation for trauma is the control of obvious bleed-
ing sources, followed by an assessment of general systemic
perfusion, including the presence or absence of shock indi-
cators. Shock is defined as inadequate organ perfusion or
tissue oxygenation.

After recognizing the presence of shock, the most
likely etiology is determined, with resuscitation occurring
simultaneously. Both the initial clinical indicators of shock
and the optimal endpoints of resuscitation constitute areas
of debate. This is partly due to the observation that the
shock state can be present despite normal traditional end-
points of resuscitation: mentation, heart rate (HR), blood
pressure (BP), and urine output.

This chapter reviews the methods available for assess-
ment of intravascular volume and organ perfusion during
the initial resuscitation phase of the trauma patient. Assess-
ment methods include obtaining clues from the history,
physical exam, laboratory data, sonography, and other
imaging studies. The careful application of these evaluation
modalities helps achieve the restoration of adequate oxygen
delivery (ḊO2) to the tissues and either prevents or mini-
mizes the shock state. This chapter also reviews the risks
and complications associated with volume resuscitation
and monitoring.

CLINICAL ASSESSMENT
History
Despite the numerous technological advances that have
occurred in monitoring, clinical assessment still remains pro-
minent in the initial assessment of circulation adequacy
in the trauma victim. The initial history communicated
during the transfer of care from the emergency medical ser-
vices (EMS) providers is important and constitutes one of
many reasons for having all pertinent members of the resus-
citation team present in the trauma resuscitation suite (TRS)
during patient arrival (1). The volume of blood loss at
the scene of the trauma and during transport is notoriously
difficult to estimate. A recent study failed to find any
correlation between EMS experience and accuracy of blood

loss prediction (2). However, whenever copious external
bleeding is reported, this should be taken into account. In
addition, trauma team members should review the EMS
record of the quantity and timing of IV fluid replacement
and urine output. History of postural dizziness or syncope
are important clinical findings suggesting hypovolemia (3).

The mechanism of injury (Volume 1, Chapter 2) can
alert the clinician to suspect occult bleeding. Blunt trauma
sustained in a car versus pedestrian accident, or a fall from
a height, often results in multiple fractures; these injuries
are also associated with occult abdominal or retroperitoneal
bleeding that is difficult to evaluate clinically (4).

Trauma involving the thorax, abdomen, pelvis, or
retroperitoneal space frequently conceals significant blood
loss. Long bone fractures are associated with large deep
hematomas that may not be immediately apparent.
Advanced Trauma Life Supportw (ATLSw) guidelines
suggest that a single long bone fracture can contain as
much as two to four units of blood (5). Hypotension fol-
lowed by a favorable response to volume administration
during the prehospital phase of care indicates that the
patient was hypovolemic and may revert to that state if
the underlying cause has not been definitively treated.

The trauma victim’s medical history and prescription
drug list are often overlooked in the face of the acute
injury. A history of heart failure or severe pulmonary
disease helps guide decisions about the most appropriate
level of invasive monitoring as well as the risk of repeated
fluid boluses during the early resuscitation phase. Use of
beta-blockers may impair the normal response to endogen-
ous catecholamine release associated with trauma and
blunt the normal physiologic response to hemorrhage.
Angiotensin converting enzyme (ACE) inhibitors have
been associated with refractory hypotension on induction
of anesthesia and following cardiopulmonary bypass, a
phenomenon that may exacerbate hypovolemia or masquer-
ade as ongoing blood loss (6).

Alcohol and drug use can further confound clinical
signs of hemorrhage. History of chronic or acute alcohol
ingestion or the results of a toxicology screen can provide
helpful information. Chronic ethanol use can cause direct
myocardial depression and acute cocaine toxicity causes
peripheral vasoconstriction, serving to preserve systemic
arterial pressure in the face of hypovolemia. Ecstasy,
(3,4-methylenedioxymethamphetamine), a common “club
drug” has sympathomimetic effects that may also render
useless the classical clinical signs of hypovolemia (9).
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Examination
Mental Status
In the absence of confounding factors such as intoxication or
traumatic brain injury (TBI), assessment of mental status is
an important step in the clinical evaluation of circulation.
McGee et al. (3) identified severe postural dizziness as one
of the most powerful clinical predictors of hypovolemia.
Confusion or lethargy in combination with hypotension war-
rants immediate fluid resuscitation and continued reevalua-
tion. Even those who advocate delayed or conservative
fluid resuscitation support the use of volume expansion at
least until the return of baseline mentation (10,11). Because
preservation of blood flow to the brain at the expense of
other tissue beds is one of the normal physiologic responses
to acute hemorrhage, return to normal mentation does not
guarantee that perfusion is adequate elsewhere.

Pulses
The clinical assessment of circulation in the trauma victim
begins with establishing the presence and quality of periph-
eral pulses, skin color, and capillary refill. In most patients,
the presence of a palpable radial pulse correlates to a systolic
arterial BP of approximately 80 mmHg, a value that corre-
sponds to the lower limit of cerebral autoregulation. Coron-
ary artery perfusion, however, is dependent upon the
difference between the ventricular intracavitary pressure
and the aortic BP during diastole (Volume 2, Chapter 3);
and, at any given perfusion, pressure is less sufficient in
meeting myocardial O2 demands when tachycardia occurs
compared to a normal HR. The presence and character of
pulses do not always correlate with adequacy of perfusion
and should be interpreted with other clinical signs, as well
as advanced monitoring and laboratory data.

Placing a “finger on the pulse” can be a very useful
clinical monitor during brief periods when advanced moni-
toring (arterial lines or pulse oximeters) are temporarily una-
vailable or hampered by artifact, for example, during patient
positioning on the operating table, or following acute
decompensation prior to the placement of monitors. In the
setting of severe shock and cardiac arrest, documentation
of the pulse (presence or absence) is important, as the
sudden diminution (or loss) of pulses must be immediately
detected, to institute cardiopulmonary resuscitation (CPR)
and more aggressive fluid repletion and resuscitation drug
administration.

Palpation of carotid pulses in the trauma patient is
often difficult due to the presence of cervical collars.
However, at least one femoral pulse is usually available.
Checking for pulse is often improperly delegated to an inex-
perienced member of the resuscitation team, when in fact
locating and characterizing the pulse often requires experi-
ence, skill, knowledge of anatomy, and the pathophysiology
of shock (see Volume 2, Chapter 18). Several studies have
demonstrated poor sensitivity and specificity of the pulse
examination with first responders (12). However, this is
thought to be principally related to training and experience.

In the TRS, a pulse check should be continually
reevaluated until the patient becomes stable or an arterial
catheter is placed, after which the arterial pulse can be
graphically followed on a beat-to-beat basis. Once relegated
to the operating room (OR) or surgical intensive care unit
(SICU), indwelling arterial catheters are now frequently
placed in the TRS during the early resuscitation phase,
allowing more extensive monitoring through the initial
workup (and possible transport to radiology etc.). If an

arterial catheter is not available, the use of pulse oximetry
can be used to confirm the presence of circulation but
is subject to artifact from motion, ambient light, and
hypothermia (13).

Blood Pressure
Arterial hypotension remains a defining parameter of circu-
latory failure or shock, even though it has many shortcom-
ings as an indicator of intravascular volume or blood flow
(14,15). Hypotension represents the exhaustion of

normal compensatory mechanisms and therefore often rep-
resents a late sign of hemorrhagic shock (occurring as the
patient progresses from compensated to uncompensated
shock). Indeed, according to the American College of
Surgeons-Committee on Trauma (ACS-COT) classification
of hemorrhagic shock, patients may have lost more than
30% of their blood volume prior to demonstrating any
decrease in the BP at all (Table 1) (5), indicating that the BP
is an insensitive measure of small to moderate hemorrhage
and early (“compensated”) shock.

Indeed, because the BP can be well maintained despite
considerable hemorrhage, a false sense of security can be
provided to the uninitiated clinician. Numerous outcome
studies have examined the prognostic value of BP in survival
of trauma patients. Shoemaker et al. found only a slight
difference in the initial mean arterial pressure (MAP) of
survivors (88 mmHg) compared to nonsurvivors (80 mmHg)
in his study of 151 severely injured emergency patients
(16). In a large review of the value of physical diagnosis in
hypovolemia, supine hypotension had a sensitivity of only
33% even after a large blood loss (3).

Another major concern about the use of BP as a guide
to resuscitation is the validity of the value reported.
Noninvasive (cuff) BP (NIBP) readings may be obtained
manually, by auscultation of Korotkoff sounds, or through
the use of an automated oscillometric NIBP device. The auto-
mated NIBP devices are convenient in that they can be set to
remeasure BP at a desired interval and maintain a memory
of previous values. They also liberate a skilled health
care provider from the task of repeatedly rechecking the
BP manually. However, Davis et al. (17) recently demon-
strated that automated oscillometric NIBP devices (e.g.,
Dinamapw Criticon LLC, Tampa, Florida, U.S.A.), do not
accurately measure BPs in trauma patients with systolic
BPs less than 80 mmHg.

Accordingly, automated NIBP devices should only be
employed after resuscitation has occurred and the patient
is restored to a stable hemodynamic status. Optimally, an
invasive arterial catheter is used to both monitor BP and
facilitate the sampling of arterial blood gas (ABG) data
during the initial resuscitation period.

Early placement of an indwelling arterial catheter is
recommended in all severely injured patients, especially in
those with TBI in whom an accurate and immediate calcu-
lation of cerebral perfusion pressure (CPP) is necessary;
those with hypoxemia or ventilatory failure who may need
frequent ABG determinations; and those patients in a state
of shock. In the setting of circulatory shock secondary to
severe myocardial depression, arterial catheters have
proven to be more accurate than cuff pressures (18). In
addition, the systolic arterial BP variation that occurs
during the inspiratory phase of mechanical ventilation is a
useful and sensitive indicator of hypovolemia (Fig. 1; see
also Volume 1, Chapter 17 and Volume 2, Chapter 9).
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Skin Color
The color of skin and mucous membranes can be a helpful
clinical indicator of perfusion because, with the exception
of carbon monoxide poisoning (see Volume 1, Chapter 34),
warm pink skin and brisk capillary refill imply adequate
perfusion pressure, sufficient hemoglobin, and satisfactory
oxygen saturation. Although pallor is not very specific (i.e.,
can result from anemia, hypovolemia, and cardiogenic or
neurogenic shock), when present, it should trigger aggressive
resuscitation. Even more useful is observing a change in
skin color. Indeed, a change from pink to pale or ashen gray
is an ominous sign and warrants immediate aggressive
fluid administration preferably with blood, and subsequent
examination to determine the cause. Fifteen percent of the
male population has color vision deficiency and may not
perceive subtle color changes in patient skin or mucous
membranes.

Urine Output
One quarter of the cardiac output (Q̇) goes to renal perfusion
in a healthy person with a normal intravascular volume.

In favor of more critical organ perfusion, renal blood flow
is sacrificed in the setting of hemorrhage. After loss of 15%
of circulating blood volume, urine output falls considerably.
Oliguria in the trauma patient is almost always due to pre-
renal factors that result in inadequate glomerular perfusion.
When oliguria is allowed to persist untreated, acute tubular
necrosis can occur following as little as 30 to 60 minutes of
severe hypoperfusion.

Urine output of at least 0.5 cc/kg/hr in the adult, and
1 cc/kg/hr in the pediatric population should be targeted in
assessing the adequacy of intravascular volume replace-
ment. Correct interpretation of urine output, as a measure
of the adequacy of circulation, requires an understanding
of the complex relationship between the neurohumoral
response to hypovolemia, the stress response incited by the
trauma, the effect of any new or chronic pharmacologic
agents, alcohol use, as well as any pre-existing renal insuffi-
ciency, myoglobin loads, or hypotensive periods prior to
resuscitation (19,20).

The renal response to hemorrhage with hypotension
has both acute and subacute compensatory mechanisms.
Hypovolemia and hypotension cause the release of renin
from the juxtaglomerular (JG) apparatus, which ultimately
results in vasoconstriction by angiotensin II. In addition, anti-
diuretic hormone (ADH) is released from the posterior pitu-
itary and results in increased water reabsorption in the
renal tubules by inserting aquaporins (“water channels”).
These channels transport solute-free water through the
tubules and into the blood decreasing plasma osmolarity
and increasing urine osmolarity (see Volume 2, Chapter 44).
The net clinical effect of these compensatory mechanisms in
a patient with circulatory insufficiency is the elaboration of
a low volume with highly concentrated urine. Urine output
becomes an inaccurate measure of volume resuscitation in
patients who have recently received drugs possessing diure-
tic properties (including mannitol, alcohol, or large quantities
of caffeine), or in the setting of hyperglycemia or TBI with
associated diabetes insipidus (absence of ADH secretion).
Estimating urine osmolarity based on urine color is not

Figure 1 Systolic arterial blood pressure variation with venti-

lation. A decrease in systolic pressure peak of 10 mmHg during

inspiration (10–15 cc/kg tidal volumes) is associated with

diminished left ventricular filling. Source: From Ref. 73.

Table 1 Estimated Fluid and Blood Lossesa Based on Patients’ Initial Presentation

Parameter evaluated Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1500 1500–2000 .2000

Blood loss

(% blood volume)

Up to 15 15–30 30–40 .40

Pulse rate ,100 .100 .120 .140

Blood pressure Normal Normal Decreased Decreased

Pulse pressure (mmHg) Normal or

increased

Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 .35

Urine output (mL/hr) .30 20–30 5–15 Negligible

CNS/mental status Slightly anxious Mildly anxious Anxious, confused Confused, lethargic

Fluid replacement

(3:1 rule)

Crystalloid Crystalloid Crystalloid and

blood

Crystalloid and

blood

The guidelines in this table are based on the 3 for 1 rule. This rule derives from the empiric observation that most patients in hemorrhagic shock require as much

as 300 mL of electrolyte solution for each 100 mL of blood loss. Applied blindly, these guidelines can result in excessive or inadequate fluid administration. For

example, a patient with a crush injury to the extremity may have hypotension out of proportion to blood loss and require fluids in excess of the 3:1 guidelines. In

contrast, a patient whose ongoing blood loss is being replaced by blood transfusion requires less than 3:1. The use of bolus therapy with careful monitoring of

the patient’s response can moderate these extremes.
aFor a 70 kg man.

Abbreviation: CNS, central nervous system.

Source: From Ref. 5.

Chapter 12: Initial Circulation Assessment and Shock Prevention 237



recommended in the trauma patient, as urine may be tainted
by bile, blood cells, free hemoglobin, or myoglobin.

The return of normal urine output after circulating
blood volume has been restored is often delayed and it is
tempting to coax urine output with diuretics. The
danger of diuretic administration in acute trauma patients

with unclear volume status is that the urine output will no
longer reflect adequacy of resuscitation, and in the worst
case scenario, a pharmacologic diuresis may exacerbate
ongoing hypovolemia. The return of brisk urine output
after resuscitation is reassuring, but this must be closely fol-
lowed subsequently with serial measurements. The authors
recommend continuous perfusion monitoring with pulse
oximetry and indwelling arterial pressure monitoring, as
well as subsequent reassessments of the patient’s volume
status every 30 minutes. These appraisals should include
interval reviews of blood loss, urine output, and insensible
losses, as well as running totals of intravascular volume
replacement products (21–23). A serial log of these par-
ameters should be documented throughout the resuscitation
period, and totaled at the end of surgery, and after every 8 to
12 hour nursing shift in the SICU.

Capnography
One of the hallmarks of adequate circulation is the delivery
of systemic carbon dioxide (CO2) to the lungs for removal.
The exhaled breath CO2 can be measured in patients by
sampling gas from the endotracheal tube (24). Anesthesiolo-
gists pioneered the use of continuous capnography in the OR
and this technology is becoming a standard of care for
mechanically ventilated patients in other venues as well. It
is now well accepted that the capnogram can serve as an
indicator of Q̇ adequacy both during circulatory shock and
CPR (Fig. 2) (25–28). Capnography has been used as a

prognostic indicator for the success of resuscitation of
cardiac arrest victims in the emergency department (ED).

Patients with an end-tidal partial pressure of CO2

(PETCO2) level less than 10 mmHg rarely recover (28).
When considering the use of PETCO2 monitoring as a

global indicator of Q̇, a number of important caveats must
be considered. While sampling nasal cannulae have been
devised, capnometry is only quantitative in a patient
whose trachea is intubated and is mechanically ventilated
with a stable minute volume. The patient must also be
stable enough to expect a constant production of CO2.

If one assumes a relatively constant Q̇, changes to the
V̇/Q̇ ratio will be reflected in the PETCO2. A decrease in
PETCO2 may reflect an increase in alveolar dead space as
commonly occurs with hypovolemia. It is important to con-
sider other etiologies for any acute drop in Q̇, including pul-
monary embolism (PE), cardiac tamponade, myocardial
contusion, or infarction. However, the first and most
common cause of decreased Q̇ and consequent decreased
PETCO2 in trauma is blood loss.

In steady state situations where the Q̇ is known to be
stable, changes in PETCO2 reflect CO2 production (V̇CO2)
and alveolar ventilation (V̇A). An increase in V̇CO2 or a
decrease in V̇A will yield an increase in PETCO2. Also, the
PETCO2 levels will temporarily rise immediately after IV
bicarbonate therapy and after reperfusion of an extremity
following release of a tourniquet or arterial clamp.

Focused Assessment with Sonography for Trauma
Technology has allowed clinical assessment of the trauma
patient to progress beyond classic physical diagnosis at
the bedside. Ultrasound examination of the trauma patient
for occult splenic injury was reported as early as the early
1970s (29,30). Contemporary use of sonography has
evolved into a trauma evaluation protocol called focused
assessment with sonography for trauma (FAST) that utilizes
a surface echo probe to examine the peritoneal and pericar-
dial cavities in an attempt to identify free fluid (31).

FAST provides a rapid noninvasive alternative for
diagnostic peritoneal lavage, and is more convenient and
safer than transporting patients to the radiology suite for a

computed tomography (CT) scan. However, the FAST
exam does not obviate the use of the CT scan. In most
scenarios, the CT scan is complementary (see Volume 1,
Chapters 14 and 27). If the FAST shows intra-abdominal
free fluid in a hemodynamically unstable patient, the
patient will generally go to the OR for exploratory laporot-
omy without a preoperative CT scan. However, the same
FAST results found in a patient with stable vital signs may
result in a CT of the abdomen prior to (and sometimes
instead of) operative management. The CT scan helps
evaluate retroperitoneal structures and solid organ
injuries (not clearly seen by FAST). Presently, the FAST
protocol appears to have a greater efficacy in blunt trauma,
however evaluations in patients with penetrating trauma
are ongoing (32,33).

Transesophageal echocardiography (TEE) is a rela-
tively noninvasive means of evaluating the cardiovascular
status of the trauma victim, although one series suggested
that the complication rate may be somewhat higher when
it is performed in the ED than other areas of the hospital
(34). The traditional indications for use of a TEE during
initial resuscitation include: evaluation of suspected aortic
injury or dissection, rule-out pericardial tamponade,
and evaluation of left ventricle (LV) function in patients
with a history of myocardial ischemia or congestive heart
failure. TEE is particularly useful for monitoring patients
in the OR, because they are already anesthetized and an
experienced physician sonographer (the anesthesiologist)
is available to both perform and interpret the study in
real time.

TEE is beginning to play an expanded role in the dia-
gnosis and management of a broader range of patients.
Colreavy et al. (35) did a four year retrospective review
of the value of TEE in the intensive care setting. One of
their indications was simply unexplained hypotension. In

Figure 2 The correlations between end-tidal CO2 and cardiac

index during hemorrhagic shock. Source: From Ref. 27.
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approximately two-third of these patients, TEE helped with
decision making that resulted in an improved BP in a third of
those examined. They found that TEE altered management
in 32% of the studies performed.

TEE interpretation requires experience and nearly all
anesthesiology residency and fellowship programs offer
such training during the cardiothoracic subspecialty
rotation (36–38). In the hypotensive trauma patient, the
TEE can be used to rule out pericardial tamponade, deter-
mine the relative degree of ventricular preload, evaluate
the function of both ventricles, and identify gross valvular

abnormalities. In the setting of right ventricle (RV)
injury, the central venous pressure (CVP) may be high,
which could lead the clinician to erroneously conclude that
a hypotensive patient has adequate or elevated left ventricu-
lar preload. The TEE examination would reveal the under-
filled left ventricle and guide the clinician to the appropriate
intervention.

The only absolute contraindications for TEE use
include known esophageal or gastric ruptures or tears. The
TEE is also a relatively expensive resource that requires a
considerable amount of valuable space near the head of
the patient. On the horizon are simpler, less costly machines
designed specifically for critical care use that may make this
diagnostic modality more practical for a broader range of
patients and by a larger number of clinicians (38). Ideally,
such small units could be available in the TRS, placed
during transport, utilized in the OR, and used for cardiac
monitoring in the SICU, to aid in clinical decision making.

LABORATORY BASED ASSESSMENTOF CIRCULATION
Hematocrit and Hemoglobin
The determination of the hematocrit is a simple and repro-
ducible indicator of the proportion of whole blood com-
prised of red blood cells. Hematocrit can be measured
easily at the bedside in the TRS or in the OR with a portable
centrifuge. Similar points of care devices are available to
determine hemoglobin concentration. When used during
the assessment of circulation and volume status, the clinician
must understand that serial hematocrits are required in the
setting of acute hemorrhage. This is because the hematocrit
does not decrease rapidly until there has been a shift of
water from the extracellular space, which takes time to mani-
fest. The hematocrit will also decrease from dilution of
nonheme containing fluids administered during resuscita-
tion, not only from ongoing blood loss alone. Accordingly,
estimates of blood loss are most accurate with serial hemato-
crit measurements and when correlated with urine output
and fluids administered. Alcohol, caffeine, and diuretics
such as mannitol may preserve the hematocrit in the
setting of hemorrhage at the expense of inappropriate
urine output and intravascular depletion, giving the clini-
cian a false sense of security.

Despite its shortcomings, the hematocrit (or
hemoglobin) value remains an important component of
the overall clinical assessment and ongoing care of the
trauma victim. Knottenbelt (39) demonstrated a clear cor-
relation between mortality and low initial hemoglobin levels
in a review of 1000 trauma patients. His report underscores
the danger in attributing the low levels merely to the initial
fluid bolus that is part of the ATLSw protocol. The hematocrit
or hemoglobin must be serially measured to verify the
adequacy of red cell mass during fluid resuscitation. The
hemoglobin concentration of the blood will be used to

calculate the oxygen content, which in turn is used to deter-
mine the adequacy of oxygen delivery in the management of
shock, discussed later in this chapter.

Blood Gas Analysis
Intracellular metabolism requires a very narrow range of pH
within which enzymatic and biochemical processes function
optimally. Myocardial and central nervous system electro-
physiology, as well as cellular responses to hormones and
drugs, are all pH dependent (40,41). In addition, the enzy-
matic function of coagulation system proteases work most
optimally at a normal pH. Significant deviations from the
normal range of pH (7.35–7.45), particularly over short
time periods, are poorly tolerated and may lead to death.

Determination of acid–base balance of patient is
critical to prudent management of resuscitative efforts.

This may be accomplished by direct measurement of pH,
PCO2, PO2, and calculation of both [HCO3

2] and standard
base excess. Blood samples can be obtained from arterial,
venous, or capillary sources, although, the baseline values
will differ somewhat based upon the intravascular source.
Standard base excess measures the purely metabolic
component of acid base balance of the extracellular fluid.
A negative standard base excess (base deficit) develops in
the setting of metabolic acidosis, and a positive standard
base excess (base excess) is seen in metabolic alkalosis. Meta-
bolic compensation of respiratory acidosis or alkalosis also
results in increased or decreased standard base excess, but
this renal mediated system takes time to fully achieve com-
pensation.

The primary blood base is bicarbonate (HCO3
2).

Hydrogen ion is produced in the renal tubular cells by the
following reaction (Equation 1):

CO2 þH2O ! H2CO3  ! HCO�3 þHþ (1)

Carbonic anhydrase in renal tubular cells and in red
blood cells is the rate limiting enzyme in this equation.
According to the law of mass action, the dissociation of car-
bonic acid may be written as described in Equation 2:

K ½HCO�3 � ¼ ½H
þ�½HCO�3 � (2)

The Henderson–Hasselbach relationship (Equation 3)
assumes that all dissolved CO2 exists as carbonic acid,
though only 0.33% is actually hydrated, and the pK0 is 6.1.
The true pK0 of carbonic acid is approximately 3.1.

pH ¼ pKþ log (½HCO�3 �=½SolCO2 � PCO2�)

¼ 6:1þ log (½H CO�3 �=½:0306� PCO2�)
(3)

The standard base excess (mM) estimates the amount
of strong acid or base that would be required to correct a
metabolic derangement, usually as 0.3 � weight (kg) �
standard base excess [0.3 � wt (kg)] estimates the extracellu-
lar fluid volume in liters. For example, a 70 kg patient with a
standard base excess of 8 would require (0.3 � 70 � 8) ¼
168 mM NaHCO3 to correct the acidosis. The administration
of NaHCO3 is always a temporizing measure to be instituted
while correcting the underlying cause of the acidosis.
Furthermore, full correction is seldom advisable because
normalization of pH in patients who remain hypovolemic,
and under perfused, may further impair ḊO2 to ischemic
tissue beds.
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Metabolic acidosis is an important indicator of
inadequate perfusion of tissue beds and decreased base
excess (i.e., base deficit), suggesting an intravascular
volume deficit, provided the acidosis is due to lactate.
When tissues are malperfused or hypoxic, be it from
hypovolemia, shock, sepsis, decreased Q̇, or anemia, the
tissues begin to utilize anaerobic metabolism. Anaerobic
metabolism produces excess lactate and hydrogen ions,
which join to become lactic acid in the extracellular fluid.

A negative standard base excess (i.e., base deficit) is
normally present in lactic acidosis. However, a pre-existing
superimposed chronic respiratory acidosis (with normal
renal compensation causing a premorbid metabolic
alkalosis) may normalize the standard base excess in a
trauma patient with an acute metabolic acidosis from
hemorrhage-induced lactate elevation. In such cases, it is
useful to examine the anion gap. The anion gap calculation
(Equation 4) is based on electroneutrality and detects the
difference between measured and unmeasured ions in
plasma (42,43).

Anion gap ¼ (½Naþ� þ ½Kþ�)–(½Cl�� þ ½HCO�3 �) (4)

Normally, anion gap equals the anion contributed by
the weak acid buffer system, as given in Equation 3. Using
this formulation, the normal anion gap is 16 + 2 mmol/L.
However, more commonly, the anion group is calculated
clinically without the potassium value (i.e., the sodium
value minus the combined chloride and bicarbon values),
in which case the normal anion gap is considered to be
12 + 2 mmol/L. An increase in the anion gap denotes the
presence of significant unmeasured strong negatively
charged ions (anions), such as lactate. Thus, the anion gap
is useful in determining the cause of a metabolic acidosis.
It is of no help, however, in determining the cause of a meta-
bolic alkalosis because the ions responsible for the derange-
ment (usually decreased Cl2) are already measured.

Once it has been determined that the decreased stan-
dard base excess (base deficit) is due to an organic metabolic
acidosis, such as lactic acidosis (with clinical evaluation and
anion gap), it is possible to correlate the predicted mortality
of the shock patient with the base deficit at initial presen-
tation. A base deficit of 215 mM/L is predictive of a

25% mortality in trauma patients under 55 years of age,
without TBI. In patients older than 55, or in younger patients
with TBI, a base deficit of 28 mM/L is predictive of 25% mor-
tality (44). In trauma and shock patients, the degree of
metabolic acidosis at presentation identifies those with
worse predicted outcomes (45–48). Ethanol may contribute
to an elevated base deficit, but its presence did not change
the threshold associated with the need for transfusion in
one retrospective review (49).

Metabolic acidosis in shock and trauma is related to
increased levels of lactate in the extracellular fluid, for
reasons mentioned earlier. During the resuscitative period,
it may be useful to follow serum lactate levels serially
to help gauge the effectiveness of the resuscitative effort.
A decreasing lactate level is indicative of adequate resuscita-
tion and is predictive of a better overall survival rate (50–52).

INVASIVE MONITORS IN CIRCULATORYASSESSMENT
Central Venous Catheter
Placement of a catheter in the central venous circulation for
determination of CVP was initially discouraged in the acute

stage of ATLSw management because of the time required
and risk of iatrogenic injury. However, over a decade ago,
Scalea et al. (53) demonstrated that these lines can be
placed in trauma patients by experienced physicians with
minimal complications to aid in resuscitation efforts. Lack
of satisfactory peripheral vein access for resuscitation is
another indication for placement of a central venous catheter.

Obtaining access to a central vein such as the subcla-
vian or internal jugular carries risk of injury to the vessels
themselves, injury to adjacent arteries, pneumothorax,
dysrhythmias, cardiac perforation, and infection. If a chest
tube is already present, common sense dictates attempting
the subclavian line placement on the same side, as any com-
plication may be devastating in a trauma patient who is
already compromised by the primary injury. The internal
jugular vein may be difficult to cannulate when a cervical
collar is in place. Femoral venous cannulation is acceptable
and the ideal favored access when resuscitation efforts are
occurring in the vicinity of the head, neck, or chest.
However, in cases of abdominal trauma with known liver
or inferior vena cava injury, vascular access above the
diaphragm is preferred.

Pulmonary artery catheter (PAC) introducers and
wide bore “trauma” central lines allow rapid fluid resuscita-
tion. After initial resuscitation, placement of a second,
smaller CVP monitoring line through the introducer
becomes a useful technique to guide further fluid adminis-
tration in patients who remain at risk for bleeding or
volume loss due to trauma and/or burns (54). In addition,
CVP readings are subject to artifact from fluids infusing
through the same device. Three and four lumen catheters
are available but the ability to rapidly infuse fluids,
especially blood, is limited due to the increased resistance
to flow in such devices. Thus, these high resistance lines
(due to relatively long, narrow lumens) are only appropriate
in the fully volume resuscitated patient who requires
multiple access lines for the administration of drugs that
may be incompatible, and for monitoring CVP. These
multiple lumen lines are generally adequate for stable
trauma patients in the SICU. However, if these same patients
then go to the OR for procedures associated with large blood
loss (e.g., tangential excision of a large burn), the lines
should be changed over to larger bore catheters.

The pressure value recorded at the tip of the CVP cath-
eter is a function of venous volume, tone, intrathoracic
pressure, and right heart function. The vasoconstricted
trauma patient with elevated sympathetic tone may register
a CVP slightly higher than the value that would occur
without the increased sympathetic tone. Dysfunction of the
right heart, as occurs with myocardial contusion, may
result in an elevated CVP that has no relation to volume
status. Similarly, impedance to forward cardiac output
from pericardial tamponade or tension pneumothorax may
elevate the CVP, giving a false sense that the intravascular
volume is increased. Elevated intrathoracic pressures in
mechanically ventilated patients, especially when high levels
of positive end expiratory pressure (PEEP) are employed,
will also be reflected in elevated CVP values.

A central venous catheter allows sampling of blood for
determination of pH and oxygen saturation, which may give
an indication of the adequacy of oxygen delivery (55,56). The
clinician must realize that the venous contribution from
myocardial blood flow will not be fully mixed with the
blood emanating from the superior and inferior vena cava
in samples aspirated from the right atrium or its tributaries.
The classic mixed venous sampling site still remains the
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pulmonary artery (PA). Nonetheless, trends in resuscitation
are generally accurately reflected by samples obtained from
the CVP catheter.

Pulmonary Artery Catheter
In rare circumstances, optimal management of the trauma
patient may require the early placement of a PAC. Patients
with severe pre-existing cardiac disease or myocardial
infarction incident to their traumatic injury may benefit
from measurement of PA occlusive pressure (wedge pres-
sure) and Q̇ determination by thermodilution. A blood
sample from the distal port of the PAC will allow the deter-
mination of true mixed venous oxygen saturation. It is also
possible to calculate a number of parameters that may be
helpful in managing the patient in shock, including arterio-
venous (A-V) oxygen content difference (A-VdO2), the
oxygen consumption (V̇O2), and the oxygen-extraction
ratio (V̇O2 ḊO2). Oximetric catheters are available for con-
tinuous mixed venous oxygen (SvO2) saturation monitoring.

Many clinicians cannot accurately interpret infor-
mation provided by PACs and therefore negate the benefit
of the monitor, while risk remains unchanged or increased
due to misinterpreted data (57). Less invasive standard
monitors, in conjunction with TEE monitoring, may be a
safer way to evaluate hemodynamic function in many
patients (58).

PREVENTION OF SHOCK
Definition of Shock and Objectives
for Prevention
The general definition of shock is “failure to maintain tissue
perfusion and oxygenation,” and may result from numerous
sources (see Volume 2, Chapter 18). The most common causes
of shock following trauma are hemorrhagic, spinal, cardio-
genic, and septic (typically occurring later, see Volume 2,
Chapters 18, 47, and 63). During the initial resuscitation
phase, hemorrhagic shock is by far the most common
variety. The general objective in prevention or treatment

of shock is the restoration and maintenance of adequate
ḊO2 to the tissues. This requires adequate intravascular
volume, oxygen carrying capacity, and Q̇. Cellular function
and survival are dependent upon adequate ḊO2. Inspired
oxygen crosses the alveolar-capillary membrane, and
enters the bloodstream where it is transported to tissues
via hemoglobin. This continuous oxygen transport mechan-
ism maintains aerobic cellular metabolism, and when per-
turbed it creates a low oxygen environment in which cells
must switch to anaerobic mechanisms (i.e., glycolysis) in
order to produce the adenosine triphosphate (ATP), which
is required to maintain cellular metabolism. Glycolysis is
far less efficient in producing ATP than aerobic systems (oxi-
dative metabolism) and produces a large amount of lactate
(as discussed earlier). Resuscitation goals predictive of
favorable outcomes are illustrated in Table 2.

The clinician must understand the pathophysiology of
shock and the ramifications of the consequent systemic
derangements. Early recognition of the manifestations of
shock limits the degree of derangement and consequent
treatment required. Finally, the clinician must be attentive
to the complications that may develop from the adminis-
tration of large volumes of fluids and blood products while
correcting these derangements. Overall, tissue perfusion and
oxygenation are central to the underlying physiologic mech-

anisms of shock syndromes and multisystem organ failure.
Death from shock, after control of hemorrage, usually
results from failure of a number of organ systems, as
shown in Table 3.

When Oxygen Delivery Is Adequate, Shock Is Rare
The ḊO2 is a function of the arterial oxygen content and the
cardiac Q̇. The primary determinants of the oxygen content
are hemoglobin concentration and arterial oxygen satur-
ation. The determinants of Q̇ are stroke volume and heart
rate. Although restoration of total ḊO2 is one of the
primary resuscitation objectives, ḊO2 is a global measure,

and certain critical tissue beds may remain hypoxic and
malperfused even with a normalized ḊO2 value. Ade-
quate intravascular volume, and normalization of autonomic
tone, cardiac function, hemoglobin concentration, inspired
oxygen concentration (PaO2/FIO2 ratio), and acid base
balance are the goals of shock resuscitation.

Definition and Terminology of Oxygen Delivery
The definitions and terms related to ḊO2 and extraction will
be reviewed here, as well as the ramifications of derange-
ment of this system as it occurs in the shock patient.

1. Arterial and mixed venous oxygen content: Arterial
blood oxygen content (CaO2) is the sum of the oxygen
bound to hemoglobin and the free oxygen dissolved in the
blood. The formula for calculating the CaO2 is provided in
Equation 5.

CaO2 ¼ (1:34� ½Hb� � SaO2)þ (0:0031� PaO2) (5)

where PaO2 is the partial pressure of oxygen in arterial
blood, and SaO2 is the arterial oxyhemoglobin saturation.
There is 1.34 mL of O2 that is carried by each gram of
hemoglobin when fully saturated, and 0.0031 mL O2 that is
dissolved in each deciliter of blood per mmHg PaO2.

2. Mixed venous blood oxygen content (CvO2) can be
ascertained by adding the amount of dissolved oxygen in
venous blood to the amount of oxygen bound to hemoglobin

Table 3 Causes of Death in Shock Patients

Cause of death %

ARDS 27

Acute renal failure 16

Cardiac arrest 6

Sepsis 25

DIC 6

Hepatic failure 3

CNS failure 1

Cardiac/respiratory/renal failure 24

Abbreviations: ARDS, acute respiratory distress syndrome; CNS, central

nervous system; DIC, disseminated intravascular coagulation.

Table 2 Lactate, Base Deficit, and Gastric pH Levels

Associated with Favorable Outcome

Serum lactate 0.5 to 2.5 mmol/L

Base deficit 22 to þ2 mmol/L

Gastric intramucosal pH

(i.e., gastric tonometry)

.7.35
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in the venous sample. The formula for calculating the CvO2

is provided in Equation 6 (for normal values see Table 4).

CvO2 ¼ (1:34� ½Hb� � SvO2)þ (0:003� PvO2) (6)

where PvO2 is the partial pressure of O2 in the mixed venous
blood, and SvO2 is the mixed venous oxyhemoglobin
saturation.

3. Total oxygen delivery (ḊO2) is the amount of oxygen
transported to tissue beds from the lungs. The formula for
calculating the ḊO2 is provided in Equation 7, and is depen-
dent upon Q̇ and CaO2 (for normal values see Table 4).

_DO2 ¼
_Q� CaO2 expressed in mL=min (7)

In a normal resting adult, ḊO2 is approximately
1000 mL/min based on a Q̇ of 5 L/min, a hemoglobin level
of 15 g/dL, and SaO2 of 100%. The majority of oxygen is
carried by the hemoglobin (approximately 20/100 mL),
and a relatively small contribution is due to the plasma
(0.3/100 mL). Without hemoglobin, the Q̇ would need to
increase to at least 80 L/min to support the normal resting
oxygen consumption (V̇O2) of approximately 250 mL/min
in adults.

4. V̇O2 is the amount of oxygen in milliliter consumed
by the body in one minute and is calculated by using Fick’s

principle as shown in Equation 8 (for normal values
see Table 4).

_VO2 ¼
_Q� (CaO2 � CvO2) (8)

5. Oxygen extraction is defined as the relationship
between oxygen consumption V̇O2, and oxygen transport
ḊO2, expressed as a ratio, as depicted in Equation 9 (for
normal values see Table 4).

O2 extraction ratio ¼ _VO2= _DO2

¼ (CaO2 � CvO2)=CaO2

(9)

The difference in arterial and venous oxygen content
(CaO2 2 CvO2) represents the amount of oxygen extracted
by tissue beds (for normal values see Table 4).

In addition to the standard hemodynamic monitoring
that is generally followed in shock resuscitation, other
measurements such as pH, base deficit, lactate levels, and
anion gap may be useful. Tissue hypoxia and malperfusion
may cause a significant base deficit by means of elevated
serum lactic acid; this may be confirmed with the calculation
of an elevated anion gap. Serial serum lactate levels are
useful when resuscitative efforts do not lead to a progress-
ive reduction in base deficit in a patient with an anion gap,
and are predictive of survival in intensive care unit (ICU)

patients. Trauma patients who are unable to clear
lactate and sustain levels of 8 mM/L 24 hours after trauma
are felt to be in a preterminal shock state (54).

Response to Initial Fluid Resuscitation
The patient’s response to the initial 2000 mL bolus of lac-

tated Ringer’s (LR) solution, recommended by ATLSw

guidelines, serves as a measure of the patient’s physiologic
reserve, and helps estimate the severity of blood loss.
The response to the bolus also reflects the likelihood that
operative intervention will be needed (5). Patients can be
categorized into three groups based upon their response to
the initial fluid bolus: (i) rapid response; (ii) transient
response; and (iii) no response (Table 5).

Patients who demonstrate a rapid response return to a
hemodynamically normal vital sign pattern, and remain
normal after the bolus is completed. These patients have
typically lost less than 20% of their blood volume (5).
A type and cross match should be sent to the blood bank,
but blood is not typically required, provided the patient has
started with a normal hematocrit and blood volume (Table 5).

Table 4 Normal Indices of Oxygen Delivery and

Consumption

Oxygen consumption (V̇O2)/
oxygen delivery (ḊO2) index Target valuea

Arterial oxygen content (CaO2) 17–20 mL/dL

Venous oxygen content (CvO2) 12–15 mL/dL

Cardiac index 2.5–4.5 mL/min/m2

Resting cardiac output 4.0–6.0 L/min

Oxygen delivery index (ḊO2 I) 500–700 mL/min/m2

Oxygen delivery 950–1050 mL/ min

Oxygen consumption index (V̇O2 I) 120–160 mL/min/m2

Oxygen consumption (V̇O2) 225–275 mL/min

Oxygen extraction ratio 25–35%

Mixed venous oxygen saturation

(SMV̇O2)

70–80%

Mixed venous PO2 (PMV̇O2) 37–44 mmHg

aValues are for a 70 kg patient.

Table 5 Responses to Initial Fluid Resuscitationa

Parameter evaluated Rapid response Transient response No response

Vital signs Return to normal Transient improvement,

recurrence of # BP

and " HR

Remain abnormal

Estimated blood loss Minimal (10–20%) Moderate and ongoing

(20–40%)

Severe (.40%)

Need for more crystalloid Low High High

Need for blood Low Moderate to high Immediate

Blood preparation Type and crossmatch Type-specific Emergency blood release

Need for operative intervention Possibly Likely Highly likely

a2000 mL Ringer’s lactate solution in adults, 20 mL/kg Ringer’s lactate bolus in children.

Abbreviations: BP, blood pressure; HR, heart rate.

Source: From Ref. 5.
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Those who respond only transiently, or begin to show a
deterioration in vital signs, mental status, or tissue perfusion
indices as the fluid bolus is completed, have likely lost at least
30% of their blood volume, and will require continued fluid
repletion (5). In addition, these patients will often benefit
from additional monitoring, and may require operative man-
agement or interventional techniques to embolize bleeding
vessels. Type-specific blood should be administered if hemo-
dynamic status cannot be improved with crystalloid alone,
and fluid resuscitation should continue until the patient’s
indices return to normal. At the same time, an aggressive
search for the source of hemorrhage is pursued.

The third group, that fails to respond in any discern-
able way to the initial bolus of LR and persists with signs
of hemorrhagic shock, is in immediate need of type O-
negative blood initially, until type specific blood is available.
These patients generally require immediate operative inter-
vention to control the hemorrhage, which is typically in
the abdomen or chest. Once these two areas are ruled out,
the retroperitoneum or multiple long bone fractures should
be considered (as per Volume 1, Chapters 8 and 14). External
blood loss can also be a source of rapid and extensive hemor-
rhage, but this is generally obvious. One notable (and classic)
exception occurs in the supine patient bleeding from a pos-
terior (i.e., occipital) scalp laceration with hemorrhage into
a thick head of hair. Contributing and confounding factors
include the concomitant use of a rigid collar and sand bags
to secure the head and neck to a backboard (the thick hair
and immobilization devices serve to conceal blood). When
this type of wound occurs in combination with other bleed-
ing sources, the scalp wound can be initially missed unless
proper ATLSw guidelines are followed (including exposure
of the back of the patient). Scalp lacerations often require
initial temporary stapling or suturing until the primary
survey is completed. More definitive evaluation and man-
agement of these injuries occur during the secondary survey.

Less commonly, failure to respond to the initial fluid
bolus results from “nonblood loss” causes (e.g., spinal cord
injury, or cardiac tamponade). A hemo-pneumothorax can
result in poor response as well, but should be diagnosed and
treated by placement of a chest tube before the fluid bolus is
completed. Ongoing thoracic hemorrhage can be an indication
for a resuscitative thoracotomy or for an urgent thoracotomy
(as per Volume 1, Chapter 13). Use of the FAST exam helps
to evaluate massive intra-abdominal blood and pericardial
tamponade.

COMPLICATIONS OFMASSIVE RESUSCITATION

In an effort to prevent shock, fluid resuscitation is almost always
required. However, aggressive volume resuscitation is also
associated with potential detrimental effects. Five of the
most common complications that occur during the initial

resuscitation include dilutional anemia, coagulopathy, elec-
trolyte abnormalities, acidosis, and hypothermia.

Dilutional Anemia
Several complications may arise as a result of volume resus-
citation primarily due to the use of crystalloid when blood
products are not available. Dilutional anemia is common if
non-red cell containing fluids are used exclusively to
replace blood loss. If the patient’s intravascular volume is
expanded with such fluids, the measured hematocrit or
hemoglobin concentration will not represent red cell mass

and may lead to unnecessary transfusion. The best way of
preventing this is to measure serial hematocrits at regular
intervals to identify changes that are temporally related to
clear volume administration.

Dilutional Coagulopathy
Dilutional coagulopathy may result when clear fluid or red
cell resuscitation has resulted in inadequate levels of clotting
factors and platelets. Faringer et al. (59) demonstrated that
thrombocytopenia and hypofibrinogenemia with elevated
prothrombin time became apparent after ten units of
packed red cells in adult trauma patients. Most practitioners
would empirically replace clotting factors and platelets even
sooner if generalized bleeding was present or coagulation
studies indicated the need. Laboratory evaluation of coagu-
lation status should be performed at 30 to 45 minute inter-
vals in massive hemorrhage situations. Patients with brain
injury frequently release brain tissue thromboplastin into
the circulation, which in turn triggers consumptive coagulo-
pathy (see Volume 2, Chapter 58). The development of a
consumptive coagulopthy serves to compound the dilutional
effect and blood loss effects of trauma hemorrhage, and
requires more aggressive repletion of coagulation factors (60).

Electrolyte Abnormalities
The practitioner must be vigilant about potential electrolyte
abnormalities that may occur during volume resuscitation.
The use of 0.9% saline as the primary resuscitation fluid
has been associated with metabolic acidosis when compared
to LR solution (61). This topic is covered in greater detail in
Volume 1, Chapter 11 and Volume 2, Chapters 44 and 45.
Lorenzo et al. (62) suggest that LR solution can be safely
administered with packed red blood cells as long as infusion
rates were rapid. Hypocalcemia from citrate intoxication
commonly occurs with multiple unit transfusions adminis-
tered over a short period of time, especially in hypothermic
patients and those with liver injury and impaired citrate
clearance. Hyperkalemia is a potential risk from hemolyzed
blood present in packed cell units near the end of their shelf
life. Frequent ABG sampling with electrolyte analysis will
enable the practitioner to monitor electrolyte and acid/base
abnormalities before they become symptomatic.

Hypothermia
Hypothermia is a frequently overlooked complication in
the resuscitation of the trauma patient. Heat loss can occur
due to radiation, conduction, evaporation, and convection.
Furthermore, anesthetic drugs as well as alcohol and street
drugs cause redistribution of core blood to the periphery,
exacerbating heat loss. Maintaining a TRS and trauma OR
temperature above body temperature addresses all four heat-
loss mechanisms and decreases the loss due to redistribution
as well. This is possible in a closed operating suite but more
difficult in an open TRS. A forced hot air warming device
creates a microenvironment above the patient and is an effec-
tive means of maintaining and restoring normorthermia.

Hypothermia is associated with dysfunction of coagu-
lation factors and platelets (63), increased rate of infection,
myocardial irritability, and increased oxygen demand
when shivering occurs (64,65). As reviewed in Volume 1,
Chapter 40, administration of cold fluids for resuscitation
is a significant contribution to the development of hypother-
mia. There are many very effective devices for fluid warming
available today and they should be present in the emergency
department, the OR, and the ICU.
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EYE TO THE FUTURE

Advances in technology promise to improve nearly every
aspect in the diagnosis and reversal of early shock in the
trauma patient. Automated digitally recorded data (e.g.,
vital signs, PETCO2, and SpO2), that remain with the
patient from admission through initial resuscitation and
into the OR can provide monitoring information that is
free of gaps and thereby increase safety. Technologic
improvements in existing devices have improved patient
safety. One notable example is pulse oximetry, where the
reduction in signal response time and artifact has increased
its reliability in critically ill patients (66).

Transcutaneous devices promise to noninvasively
provide valuable information about tissue O2 levels and
blood CO2 content (67). Newer continuous NIBP devices on
the horizon will improve with reliability in the shock patient,
and will also likely have the ability to display nearly continu-
ous values to better alert the clinician about patient decompen-
sation or response to treatment (68). Continuous noninvasive Q̇
monitoring technology is beginning to overcome technological
hurdles, which impaired reliability in shock states and will
likely become reliable in detecting low output states before
the onset of tissue injury from inadequate perfusion (69).

Maintaining adequate ḊO2 to the peripheral tissues is
essential in preventing shock related multisystem organ
failure. Global ḊO2 is most commonly measured but lacks
specificity in detecting oxygen deficiency to particular
tissues or organs of interest. The ability to monitor the ade-
quacy of local tissue ḊO2 with gastric tonometry and near-
infrared spectroscopy (NIRS) provides a first step toward
evaluating flow to specific organs, and has shown utility in
the ICU (see Volume 1, Chapter 18). However, this technol-
ogy needs further research to establish any utility during
initial resuscitation following acute trauma.

Rivers et al. (70) found a decreased inhospital mor-
tality and decreased lactate and base deficit level in septic
shock patients randomly assigned to receive early goal-
directed therapy for the first six hours of hospital stay as
compared to those who received standard care during this
time. Although this study was conducted in septic shock
patients and not specifically in trauma hemorrhage-related
shock, the reduction in mortality is notable. Further studies
are needed to document the utility of goal directed therapy
in the acute trauma resuscitation.

Portable and inexpensive ultrasonic imaging devices
are increasingly used to guide the placement of IV catheters
when no visible veins are present and will continue to lessen
the complication rate of central venous access (71,72). A new
generation of affordable and simplified TEE devices will
allow wider application of this technology to provide
direct visualization of cardiac function and preload and
aid in the diagnosis of cardiac tamponade and aortic injury.

The vision of the trauma victim surrounded by poles
with multiple bags of IV fluid running wide open will fade
from memory. All fluids will pass through devices that
will regulate temperature, guard against air embolism, keep
a precise total of volume infused, and alert the operator of
changes in pressure associated with catheter dislodgement
or infiltration. Point of care devices to determine hemoglobin
levels, blood gas values, and electrolyte composition will
help guide the appropriate choice of resuscitation fluids.
Blood substitutes will provide a shelf stable, low risk alterna-
tive to red cell transfusion for the patient who is at risk of
shock from inadequate oxygen-carrying capacity.

SUMMARY

The assessment of circulation and control of hemorrhage in
the trauma victim are critical goals in preventing shock.
Unlike airway and ventilation, which can be “secured” by
endotracheal intubation and mechanical ventilation,
respectively, the circulation is an extremely dynamic state
affected by hemorrhage, vascular tone, Q̇ and membrane
permeability.

The assessment begins with an understanding of the
circumstances of the injury and prior treatment from the
prehospital providers. Initial vital signs and physical
examination findings must be interpreted in the context of
sympathetic nervous system tone, pre-existing medical
conditions, and drug use, both prescription and recreational.

Surrogate markers to adequate organ perfusion
include clear mentation, appropriate urine output, normali-
zation of BP and pulse, as well as restoration of the patient’s
acid base status. They should be continually reassessed to
alert the practitioner to changes in the circulatory state.
Any deterioration from the baseline state merits prompt
administration of volume while the etiology is being
sought. The astute clinician will observe patient response
to such intervention as it provides valuable insight into the
relative degree of hypovolemia.

Laboratory information, including serial hemoglobin
or hematocrit measurements, ABG determinations, and
serum lactate levels help evaluate the adequacy of ḊO2

relative to demand. This information guides decisions
about the use of blood and crystalloid resuscitation. It
also aids in the assessment of the global function of the
cardiac and pulmonary systems. Ultrasonic imaging of
the abdomen, heart, and aorta is an extension of the clinical
examination to help in the differential diagnosis of unex-
plained hypotension.

Once the trauma victim is stabilized, the clinician
must remain vigilant to identify the complications of the
resuscitation. Dilutional anemia may present as unex-
plained tachycardia or progressive metabolic acidosis. An
increase in diffuse bleeding from lacerations or IV sites is
often the first clue of coagulopathy resulting from dilution
or consumption of factors and platelets, and protracted
shock.

Patients may appear “resuscitated” with normaliza-
tion of the surrogate markers of perfusion. However, they
may be demonstrating “compensated shock.” In this situ-
ation, the patient’s resuscitation has not been completed
despite the “normal appearance” of some resuscitation end-
points (e.g., BP, pulse, and urine output). In this situation, the
serum base deficit will tend to remain less than –5, indicat-
ing that further resuscitation is required. This is important to
recognize and treat promptly.

Furthermore, if one is planning to transport or operate
on the patient, completion of initial resuscitation becomes
even more urgent. Full resuscitation should precede semi-
elective trauma procedures. A trip to the CT scanner in a
“compensated shock” victim may result in deterioration of
the patient’s clinical status when IV contrast is administered,
or if the IV fluids have been decreased. Finally, disorders of
electrolytes and hypothermia are easily overlooked during
efforts to treat shock. These insidious but serious
complications should not escape the watchful eye of the
trauma clinician. Ongoing considerations for resuscitation
of the patient undergoing surgery are reviewed in
Volume 1, Chapter 18.
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KEY POINTS

Confusion or lethargy in combination with hypotension
warrants immediate fluid resuscitation and continued
reevaluation.
Hypotension represents the exhaustion of normal com-
pensatory mechanisms and therefore often represents a
late sign of hemorrhagic shock (occurring as the patient
moves from compensated to uncompensated shock).
The danger of diuretic administration in acute trauma
patients with unclear volume status is that urine
output will no longer reflect adequacy of resuscitation,
and in the worst case scenario, a pharmacologic diur-
esis may exacerbate ongoing hypovolemia.
Capnography has been used as a prognostic indicator
for the success of resuscitation of cardiac arrest
victims in the emergency department.
FAST provides a rapid noninvasive alternative to diag-
nostic peritoneal lavage, and is more convenient and
safer than transporting patients to the radiology suite
for a computed tomography (CT) scan.
In the hypotensive trauma patient, the TEE can be used to
rule out pericardial tamponade, determine the relative
degree of ventricular preload, evaluate the function of
both ventricles, and identify gross valvular abnormalities.
Despite its shortcomings, the hematocrit (or hemo-
globin) value remains an important component of the
overall clinical assessment and ongoing care of the
trauma victim.
Determination of acid–base balance of patient is critical
to prudent management of resuscitative efforts.
A base deficit of 215 mM/L is predictive of a 25%
mortality in trauma patients under 55 years of age,
without TBI. In patients older than 55, or in younger
patients with TBI, a base deficit of 28 mM/L is predic-
tive of 25% mortality.
The general objective in prevention or treatment of
shock is the restoration and maintenance of adequate
ḊO2 to the tissues.
Although restoration of total ḊO2 is one of the primary
resuscitation objectives, ḊO2 is a global measure, and
certain critical tissue beds may remain hypoxic and
malperfused even with a normalized ḊO2 value.
Serial serum lactate levels are useful when resuscitative
efforts do not lead to a progressive reduction in base
deficit in a patient with an anion gap, and are predictive
of survival in intensive care unit (ICU) patients.
The patient’s response to the initial 2000 mL bolus of
lactated Ringer’s (LR) solution, recommended by ATLSw

Guidelines, serves as a measure of the patient’s physio-
logic reserve, and helps estimate the severity of blood loss.
Five of the most common complications that occur
during the initial resuscitation include dilutional
anemia, coagulopathy, electrolyte abnormalities, acido-
sis, and hypothermia.
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INTRODUCTION

Major improvements have been made in the emergency
medical services over the last 30 years. This has produced
improved prehospital care, shorter on-scene times, and
rapid transport of trauma victims to hospitals. Many
severely injured trauma patients that would have died at
the scene are now being quickly transported to trauma
centers in impending or full cardiopulmonary arrest.
Multiple new, invasive, and aggressive measures are being
used in an attempt to save these patients’ lives. No pro-
cedure is more aggressive or invasive than the emergency
room resuscitative thoracotomy.

The resuscitative thoracotomy is generally performed
in patients with thoracic or abdominal injuries sustained
by either blunt or penetrating trauma that go on to
develop either cardiac arrest, decompensating cardiac tam-
ponade, or hypotension unresponsive to aggressive fluid
administration. As the number of victims of violent crimes
has increased, so has the number of resuscitative thoraco-
tomies. The actual incidence of resuscitative thoracotomy
is difficult to determine from the literature due to the hetero-
geneity of studies and inadequate information contained
therein (1–6). Although the overall survival rate for all
patients undergoing resuscitative thoracotomy is low
(approximately 8%), some patients will survive solely
because of this procedure (7).

Significant debate has persisted in the literature regard-
ing the precise indications for resuscitative thoracotomy since
this procedure was first described. Some surgeons utilize
resuscitative thoracotomy liberally, while others only
employ the procedure within specific guidelines. Surgeons
that apply the procedure liberally justify their position by
citing multiple cases of patients that do not fit into specific cri-
teria but survived because of its application. Some believe that
one life saved justifies the more liberal use of resuscitative
thoracotomy. Others oppose this liberal application, because
it unnecessarily increases health care costs, wastes resources,
and exposes healthcare providers to infectious disease risks
without a proven long-term outcome benefit.

Our aim in this chapter is to provide an understanding of
the indications for this procedure based upon review of the lite-
rature. In addition, we will describe how the procedure is per-
formed quickly and safely. Finally, we will present an

algorithm for determining the indications for resuscitative
thoracotomy in both blunt and penetrating trauma.

DEFINITIONS

Descriptions of the emergency room resuscitative thoraco-
tomy have been found in the medical literature for almost
100 years. At different times and by different investigators,
it has been described as: “emergency thoracotomy,” “urgent
thoracotomy,” “immediate thoracotomy,” and “resuscitative
thoracotomy.” These are all terms used to describe a life-
saving procedure that attempts to resuscitate patients in
extremis. However, some authors have used these terms for
situations that markedly differ from emergency room resus-
citative thoracotomy in terms of indications and timing.
Table 1 is provided to bring clarity to this issue.

The resuscitative thoracotomy is an adjunct and almost
always the last option to resuscitate the trauma patient when
other resuscitative modalities have failed. The indications for
performing this procedure are what differentiate it from
other types of thoracotomies listed in the literature. The

emergency room resuscitative thoracotomy is employed to
aid in the resuscitation of the trauma patient. Specifically,
its function is to provide access to the thoracic cavity,
aorta, and pericardium, thereby facilitating the institution
of life-saving therapy. By obtaining access to these vital
structures, the treating surgeon is able to cross clamp the
aorta, relieve cardiac tamponade, and initiate open cardiac
massage.

The timing of the procedure also differentiates the resus-
citative thoracotomy from other thoracotomies performed in
the hospital. This procedure is performed at the time of presen-
tation or during the initial work-up of the trauma patient,
usually shortly after their arrival. Most resuscitative thoraco-
tomies will be performed within minutes of arrival in the
trauma bay, particularly in those sustaining blunt or penetrat-
ing trauma arriving in cardiopulmonary arrest (penetrating
trauma), or that develop cardiopulmonary arrest shortly after
their arrival (penetrating or blunt trauma). A common scenario
is a patient who is hypotensive and unresponsive to aggressive
fluid resuscitation. A thoracotomy that is performed after the
initial trauma work-up has been completed as an emergency
case urgently booked in the operating room (OR) is an
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example of an “urgent thoracotomy” or “immediate thoracot-
omy,” and because of timing and indication, differs from a
resuscitative thoracotomy.

RESUSCITATIVE THORACOTOMY: OBJECTIVES

The objectives of resuscitative thoracotomy are to (i )
relieve cardiac tamponade, (ii ) perform open cardiac

massage, (iii ) occlude the thoracic aorta in attempt to
improve cerebral and coronary circulation and decrease
intra-abdominal hemorrhage, (iv ) control life-threatening
intrathoracic hemorrhage, and to (v ) control bronchove-

nous air embolism.
The first objective in performing a resuscitative thora-

cotomy is to relieve cardiac tamponade if present. Because
the pericardial sac has minimal distensibility, the presence
of blood within the pericardium can quickly lead to both
diastolic and systolic cardiac dysfunction. By evacuating
blood contained within the pericardial sac, the atria and ven-
tricles can fill with blood, improving in preload (diastolic
function), and consequently the stroke volume (systolic
function) is improved as well. The importance of this man-
euver cannot be overstated, because, by themselves, all of

the other treatment modalities (fluid resuscitation, cross
clamping the descending thoracic aorta) are ineffective in
the face of cardiac tamponade.

The second objective is to perform open cardiac
massage. Although the performance of closed chest cardio-
pulmonary resuscitation (CCCPR) can provide some
cardiac output and cerebral perfusion in the euvolemic
nontrauma cardiac arrest patient, cardiac output and cere-
bral perfusion can be less than 75% of normal using
CCCPR. Luna et al. (8) showed that in the face of hypotension
and cardiac tamponade, closed chest compression was not
nearly as effective and provided even less perfusion to vital
organs than closed cardiac massage. Therefore, in order to
provide adequate perfusion to vital organs, cardiac output
needs to be greater than what can be provided solely by
CCCPR. This is accomplished by open chest cardiac
massage, which provides maximal contractility and cardiac
output by bimanual compression of the ventricles of the heart.

The third objective is the occlusion of the descending
thoracic aorta. This maneuver serves to improve both coro-
nary and cerebral perfusion by increasing peripheral vascu-
lar resistance. This increase in peripheral vascular tone will
lead to an increase in the aortic diastolic pressure and
carotid systolic pressure (9). In addition, for penetrating

Table 1 Trauma Thoracotomy Definitions

Factor Resuscitative thoracotomy Emergency thoracotomya

Synonyms ER thoracotomy

ED thoracotomy

Urgent thoracotomy

Semi-emergent

thoracotomy

Immediate

thoracotomy

Indications Patient in extremis Known intrathoracic

injury requiring urgent

repair, for example, see

below (specific goals)

Large thoracic blood loss

Common clinical triggers:

.1500 mL initial C.T.

out or .250 mL/hr

for .3 consecutive hrs

General

operative goals

Resuscitate patient Controls bleeding

Repairs injured

structure(s)

Specific goals Relieves cardiac

tamponade

Facilitates internal

cardiac massage

Allows thoracic

aortic occlusion

Controls hemorrhage

Halts bronchovenous

air embolus

Ligate or repair following:

Intercostal artery

Bronchial injury

Pulmonary hilar injury

Cardiac tamponade

(compensated)

Cardiac or great

vessel injury

Pulmonary lacerations

Incision Left anterior lateral

thoracotomy

Depends upon preop

Dx. Standard MM sparing

thoracotomy or

median sternotomy

Physical location

where performed

Resuscitation bay or OR OR

aEmergency thoracotomy indications based upon chest tube blood output and specific injuries in table.

Abbreviations: ER, emergency room; ED, emergency department; Dx, diagnosis; MM, muscle; OR, operating room.

248 Farrier et al.



abdominal injuries, cross-clamping the aorta can decrease
the rate of blood loss from vascular injuries within the
abdomen. Although thoracic aorta occlusion improves per-
fusion to vital organs and decreases abdominal hemorrhage,
its action can have deleterious effects in a very short period
of time, because the main blood supply to the abdomen
is occluded to 10% of normal, and significant abdominal
ischemia occurs within 30 minutes. Therefore, occlusion of
the descending thoracic aorta is recognized as a purely tem-
porizing measure that gives the treating surgeon and
trauma team a short period of time to control hemorrhage
and resuscitate the patient.

The fourth objective is the control of life-threatening
intrathoracic hemorrhage. Life-threatening hemorrhage can
arise from intercostal, subclavian, aortic, and pulmonary vas-
cular sources. Any of these arterial or venous structures can
cause massive bleeding leading to persistent hypotension or
cardiac arrest. The objective with respect to vascular injuries
during a resuscitative thoracotomy is bleeding control and
not definitive vascular repair. The treating surgeon should
attempt only to stop hemorrhage by digital pressure,
packing or application of a vascular clamp. These maneuvers
will usually stop or significantly reduce the rate of bleeding
and allow the patient to be stabilized. Once deemed stable
enough for transport, the patient can be moved to the OR
where proper instrumentation, better lighting, and appropri-
ate personnel are available for definitive vascular repair.

The final objective is the control of bronchovenous air
embolism. The presence of air in the systemic circulation,
even in small quantities, can cause significant morbidity or
mortality. If systemic or coronary air embolism has developed,
continued air entry can be prevented by placing a vascular
clamp across the pulmonary hilum. Additional maneuvers,
such as aggressive cardiac massage and needle aspiration of
the left ventricle or aortic root with the patient in the trendelen-
berg position, can be employed to remove air that has already
gained access to the coronary or systemic circulation.

EMERGENCY THORACOTOMY: INDICATIONS

There has been much debate, since the first emergency thora-
cotomy was performed 100 years ago, over the indications for

blunt trauma victims. There is little controversy with regard to
the benefit in penetrating wounds since multiple studies have
proven its worth. However, controversy still remains with
respect to patients sustaining blunt trauma. A myriad of differ-
ent indications for resuscitative thoracotomy have been applied
and used in patients sustaining blunt trauma. In general,

there are three indications for thoracotomy after traumatic
injury: (i ) shock or arrest with a suspected correctable
intrathoracic lesion, (ii ) specific diagnosis (cardiac
tamponade, penetrating cardiac lesion, or aortic injury),
and (iii ) evidence of ongoing thoracic hemorrhage.

Many trauma surgeons and emergency room phys-
icians feel that all patients presenting in cardiopulmonary
arrest, or extremis, should undergo a resuscitative thoraco-
tomy. This nondiscriminitive approach is commonly defen-
ded by stories of the “miraculous save.” We have elected to
categorize the accepted indications based upon the mechan-
ism of injury (blunt vs. penetrating), presence of signs of
life or vital signs, evidence of exsanguination, or evidence of
persistent hypotension, because we believe this approach is
best supported by the literature (Table 2). Additionally, the
presence of a secure airway is a prerequisite in making
decisions to proceed with a resuscitative thoracotomy.

Accepted Indications
PenetratingThoracic Injury
Resuscitative thoracotomy is indicated following penetrat-
ing trauma when vital signs or signs of life were present in
the field or during transport, or in the emergency room, in
a patient who develops cardiac arrest within 15 minutes of
the hospital or in the emergency room, or trauma bay. It is
also indicated following penetrating trauma in patients
with signs of decompensating cardiac tamponade and in
the presence of hypotension unresponsive to aggressive
volume resuscitation (i.e., BP ,80 mmHg).

Blunt Thoracic Injury
Resuscitative thoracotomy is indicated following blunt
trauma when vital signs or signs of life were present at the
time of presentation and lost within five minutes of the
emergency room or trauma bay. As with penetrating
trauma, resuscitative thoracotomy is also indicated in the

Table 2 Indications and Contraindications for Resuscitative Thoracotomy

Accepted indications Relative indications Contraindications

Penetrating

traumatic arrest with

previously witnessed

signs of life

(prehospital or

in hospital)

Penetrating trauma—with

no witnessed signs

of life or vital signs

(prehospital or

in hospital)—and

CPR ,15 min

Penetrating trauma—with

no witnessed signs

of life or vital signs

(prehospital or

in hospital)—and

CPR .15 min

Blunt traumatic

arrest with

previously witnessed

signs of life (in hospital)

Blunt traumatic arrest

with signs of life in

the field or during

transport who arrest

, 5 min prior to

arrival at hospital

with endotracheal

tube in place

Blunt trauma

with no witnessed

signs of life or vital

signs (prehospital

or in hospital)

Multiple blunt

trauma

Severe head

injury

Abbreviation: CPR, cardiopulmonary resuscitation with a secure airway.
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patient with a blunt mechanism of injury who demonstrates
signs of decompensating cardiac tamponade or hypotension
unresponsive to aggressive volume resuscitation (BP
,80 mmHg).

Penetrating Nonthoracic Injury
Patients who have sustained penetrating nonthoracic trauma
are candidates for resuscitative thoracotomy provided they
(i) had vital signs or signs of life documented in the field
during transport or in the emergency room, and (ii) devel-
oped cardiac arrest within five minutes of the hospital or
in the emergency department, or trauma bay. Resuscitative
thoracotomy is also indicated following nonthoracic pene-
trating trauma in the setting of hypotension unresponsive
to aggressive volume resuscitation (BP , 80 mmHg).

Contraindications
Contraindications to resuscitative thoracotomy include
patients following blunt mechanisms of trauma in the fol-
lowing settings: (i) absence of vital signs or signs of life in
the field or during transport; (ii) arrest following multiple
severe blunt injuries; (iii) arrest following blunt trauma
with concomitant severe closed head injury; and (iv) the
blunt trauma patient with cardiopulmonary resuscitation
in progress without any defined cardiac rhythm. Blunt
trauma patients in any of the above four scenarios have
virtually no chance of survival.

TECHNICAL ASPECTS

Although much debate still remains regarding the indi-
cations for the procedure, the technical aspects for resuscita-
tive thoracotomy are well established. The procedure should
be carried out by a trained physician at the trauma center,
rather than at the scene or during transport where proper
surgical instruments and back-up are not available. In the
trauma bay or OR, the following sequence is followed.

1. The procedure starts with a left anterolateral thoracot-
omy. A generous incision is begun at the left lateral
border of the sternum in the fourth or the fifth intercostal
space. In one controlled motion the skin, subcutaneous
fat and musculature of the chest wall are incised, expos-
ing the underlying ribs and intercostal muscles (Fig. 1).

2. The left pleural space is entered by dividing the inter-
costal muscles and parietal pleura along the superior
edge of the fifth rib with either scissors or scalpel.

3. Once the pleural space has been accessed, a self-retain-
ing rib retractor is inserted, and the ribs are separated.
(Fig. 2)

4. Any blood in the pericardium should be evacuated and
any active bleeding sites should be controlled with
digital pressure. Pericardial blood is evacuated by per-
forming a longitudinal pericardiotomy anterior to the
left phrenic nerve. A knife is often required to initiate
the pericardiotomy incision.

5. Provisional repair of any significant injury to the heart
is then performed if necessary.

6. If hypotension is still present, passing a finger anterior
to the pericardium and bluntly entering the right
pleural space allow the assessment of the right chest
cavity. If a tension pneumothorax or hemothorax is
present, extension of the thoracotomy across the
sternum should be performed using trauma scissors
or the lebsche knife.

7. In the event of cardiac arrest, bimanual internal
massage is initiated. Attempts at improving functional
cardiac activity via chemical or electrical means should
be performed as indicated. If this is unsuccessful, then
the descending thoracic aorta should be occluded to
maximize cardiac and cerebral perfusion.

8. Occlusion of the descending thoracic aorta is best per-
formed by elevating the left lung in an anterior and
superior direction. This requires division of the inferior
pulmonary ligament, but gives optimal exposure and
allows the remainder of the procedure to be performed
under direct visualization. The mediastinal pleura is
then incised, and blunt dissection allows separation of
the aorta from the esophagus anteriorly and the prever-
tebral fascia posteriorly. It is important not to comple-
tely encircle the aorta for fear of avulsing thoracic
branches of the aorta. The final step in aortic occlusion

Figure 2 Anterior lateral thoracotomy with retractor in place

separating the fourth and the fifth ribs exposing pericardium. After

the mediastinal pleura is incised, a Satinsky vascular clamp is

applied to the aorta. Pericardiotomy is done with scissors anterior

to the phrenic nerve. Source: From Ref. 19.

Figure 1 Anterior lateral thoracotomy incision between the

fourth and the fifth ribs. The fifth intercostal space is exposed by

partial division of overlying pectoralis and serratus anterior

muscles. Source: From Ref. 19.
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is the placement of a Satinsky or DeBakey vascular
clamp across the aorta (as shown in Fig. 2).

9. An exam of the pleural cavity as well as the two lobes of
the left lung is then performed.

10. Once the etiology of the extremis or cardiac arrest has
been controlled, the patient can be quickly transported
to the OR to complete the procedure.

COMPLICATIONS

Complications with respect to resuscitative thoracotomy can
be separated into two broad categories: technical compli-
cations involving the patient and those involving harm to
the treating physician. Technical complications are the
most common, but both will be reviewed for completeness.

Complications can develop at any step in the pro-
cedure, beginning with an improperly placed incision. This
can ultimately lead to poor exposure during the procedure
and additional complications to the patient. Beginning on
the outside and proceeding inward, the first technical com-
plication involves incision through the female breast;
second is injury to the long thoracic, intercostals, or
phrenic nerve; third is injury to the intercostal, internal
mammary, or pulmonary vessels; fourth involves injury to
the lung; fifth is injury to the pericardium, myocardium or
coronary vessels; sixth is injury to the aorta or esophagus;
and seventh is injury to the chest wall.

Technical complications with respect to the procedure
can range from minor with no long-term sequelae to severe
with significant disability and possible death in an other-
wise salvageable patient. Complications can be mini-
mized by delegating the most senior or the most
experienced surgeon to perform the resuscitative thoracot-
omy. In training situations, the most experienced physician

should directly supervise. This allows the procedure to
be performed in the most expedient fashion while avoiding
unnecessary morbidity or mortality.

The second type of complication is direct injury to the
treating physician. It is important to remember that the emer-
gency thoracotomy is a dangerous procedure performed in an
uncontrolled environment that requires multiple sharp
instruments. Because of these factors and the increasing
prevalence of communicable diseases, such as HIV and
hepatitis, the treating physician is at considerable risk.

In a recent study by Caplan et al. (10), 26% of trauma
patients had evidence of exposure to hepatitis C virus (14%),
hepatitis B virus (20%), and HIV (4%). Therefore, in order to
protect emergency room and trauma surgeons performing
these procedures, universal precautions must be strictly
enforced and followed. In addition, indications for perform-
ing a resuscitative thoracotomy should be strictly followed.
This will reduce the number of unnecessary procedures as
well as reducing the chance of exposure to communicable
diseases by the treating physicians.

RESULTS AND OUTCOMES

The overall survival for all patients undergoing resuscitative
thoracotomy is approximately 8%. The factors that have
the most impact on survival are mechanism of injury (stab
wound, gunshot wound, or blunt trauma), location of
injury (thoracic, abdominal, or extremity), presence or

absence of vitals signs or signs of life upon arrival to the

emergency room or trauma bay, and length of time that a

patient receives cardiopulmonary resuscitation.
The patients with the highest survival rate are those that

sustain a stab wound to the heart, causing cardiac tamponade,
who arrive with vital signs or signs of life. In contrast, the
group with the lowest survival rate is the patients that
sustain blunt trauma who have no evidence of vital signs in
the field.

In 2001, the American College of Surgeons-Committee
on Trauma (ACS-COT) collectively analyzed 42 series
dealing with emergency room resuscitative thoracotomy
(11). This large meta-analysis showed that overall survival
rate was 7.83% and survival for penetrating and blunt
trauma was 11.16% and 1.6%, respectively. In addition,
they also examined resuscitative thoracotomy for cardiac
injuries and found survival rate to be 31.1% (Table 3).

Following a resuscitative thoracotomy, the vast
majority of patients that survive neurologically intact are
those that have sustained penetrating trauma to the thorax
or abdomen. Rhee et al. (7) reviewing 24 studies in the litera-
ture that included a total of 4620 trauma patients showed that,
if patients survived an emergency room thoracotomy, over
90% recovered with normal neurologic function. The chance
of survival in patients with penetrating trauma is improved
if the patient arrives at the emergency room or trauma bay
with signs of life or vital signs. In addition, patients have
almost a four times better chance of surviving a resuscitative
thoracotomy when the mechanism of injury is a penetrating
stab wound versus a penetrating gunshot wound.

Branney et al. (12) reported a 2.5% survival in 385
blunt trauma patients that they treated over a 23-year
period. This is similar to multiple studies that have shown
survival between 1% and 5% for blunt trauma patients
when vital signs were present at the scene (13–15). Although
mortality is high for blunt trauma patients with vital signs
in the field, the mortality is even higher for patients with
no evidence of vital signs in the field. There are rare cases
of survival in this circumstance, but nearly all will suffer
severe neurologic injuries (7,11).

Boyd et al. (16) performed a meta-analysis of 23
studies involving 2294 trauma patients that underwent a
resuscitative thoracotomy. They reported overall survival
for penetrating and blunt trauma at 14% and 2%, respec-
tively. The individual results with respect to mechanism of
injury and location are listed in Table 4.

Table 3 Outcomes Following Resuscitative

Thoracotomy

Total patients 7035

Survivors 551

Survival rate 7.83%

Penetrating trauma patients 4482

Survivors 500

Survival rate 11.16%

Blunt trauma patients 2193

Survivors 35

Survival rate 1.6%

Patients with penetrating

cardiac injuries

1165

Survivors 363

Survival rate 31.1%

Source: Adapted from Ref. 11.
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The second factor that impacts survival is the location
of the injury. Patients with cardiac injuries have consistently
had the highest survival after emergency room resuscitative
thoracotomy. In addition, cardiac injuries due to stab
wounds and single-chamber injuries have a higher rate of
survival when compared to cardiac injuries due to gunshot
wounds and multiple-chamber injuries. Kavolius et al. (15)
showed that penetrating noncardiac/nongreat-vessel inju-
ries (neck injury or abdominal penetrating trauma) had a
survival of 26%. They also demonstrated that penetrating
noncardiac injuries involving the great vessels (proximal
carotid, subclavian, pulmonary, or inominate arteries or
veins) had a survival rate of 14%.

In addition, Boyd et al. have shown that signs of life
such as supraventricular electrical cardiac activity, pupillary
reaction, and agonal respirations, as well as the presence of
vital signs, were predictive in determining survival. This is
true for patients sustaining either penetrating or blunt
trauma. Their study proved that survival is highest when
patients have signs of life and vital signs at the scene. In
addition, improved survival is seen in patients sustaining
penetrating trauma. This can clearly be seen in the Table 5,
which demonstrates that, as a patient exhibits signs of life
and/or vital signs, survival rates increase.

Another factor that influences survival in patients
undergoing resuscitative thoracotomy is the length of time
that the patient receives cardiopulmonary resuscitation.
Wall et al. (17) showed that no patient who received CPR
for longer than 16 minutes survived a resuscitative thoracot-
omy. In addition, they also showed that prehospital CPR was
performed on average for five minutes or less in survivors
versus nine minutes in nonsurvivors. Similarly, Powell

et al. (18) reviewed 959 patients who underwent resuscitative
thoracotomy over a 26-year period. Sixty-two patients
survived with 26 (42%) receiving prehospital CPR. On
review of the survivors, they concluded that resuscitative
thoracotomy is futile in patients with no signs of life and
blunt trauma requiring greater than five minutes of CPR,

or penetrating trauma requiring greater than 15 minutes of
CPR, provided the airway has been secured with endotra-
cheal intubation. These studies emphasize the point
that the majority of trauma patients who are saved by a
resuscitative thoracotomy present in the emergency room
or trauma bay with signs or life or vital signs or have only
recently lost them during transport.

EYE TOTHE FUTURE

It is extremely difficult to deny a patient a chance at life,
especially in a young, otherwise healthy individual. These
are the majority of patients requiring resuscitative thora-
cotomy. Studies suffer from heterogeneity including
definitions of resuscitative thoracotomy, the number of
patients, mechanism of injury, and the fact that over time
the transport times have decreased. In a time of spiraling
healthcare cost, multi-institutional studies are required to
better define who benefits from this invasive procedure. In
addition, long-term follow-up of patients examining
quality of life issues and functional outcomes would
further define who benefits from resuscitative thoracotomy.

SUMMARY

Resuscitative thoracotomy is an aggressive, heroic, and inva-
sive attempt to save a person’s life. The literature clearly
shows that the procedure has merit and is beneficial in
certain situations.

On average, approximately 8% of patients undergoing
resuscitative thoracotomy will survive. Factors that increase
chances of survival are patients that sustain isolated thoracic
penetrating trauma, patients that arrive at the emergency
room or trauma bay with vital signs and/or signs of life,
and patients who have had little or no cardiopulmonary
resuscitation. Although the prognosis for most patients
that undergo resuscitative thoracotomy is poor, if a patient
survives the procedure and subsequent hospital care, over
90% will maintain normal neurologic function.

There has been extensive debate over which patients
benefit most from a resuscitative thoracotomy. However,
there is little debate with regard to patients that sustain
either blunt or penetrating trauma and are brought to the
emergency room, or trauma bay, with vital signs and signs
of life, and then develop extremis or hypotension not respon-
sive to aggressive fluid administration. Controversy exists
with regard to patients who develop cardiopulmonary
arrest prior to presentation. We feel that the literature
supports the use of resuscitative thoracotomy for patients
that sustain penetrating trauma who develop extremis or
cardiopulmonary arrest within five minutes of transport to
the hospital.

For patients involved in blunt trauma who do not
arrive with signs of life or vital signs, as well as the patient
with either severe brain injury or multiple blunt traumatic
injuries, the literature demonstrates that these patients do
not benefit from a resuscitative thoracotomy. Their chance
for survival is close to zero, and the procedure only serves

Table 4 Survival After Resuscitative Thoracotomy

as Related to Mechanism of Injury

Mechanism of injury Survival (%)

Stab wounds

Isolated chest 18

Abdomen 9

Multiple sites 10

Isolated to the heart 22–37

Gunshot wounds

Abdominal 6

Chest 2

Blunt trauma 2

Source: Adapted from Ref. 16.

Table 5 Survival Rates in Patients with and Without Signs

of Life and/or Vital Signs

Vital signs and

sign of life on

arrival to ER Penetrating (%) Blunt (%) Unknown (%)

SOL2 VS2 8 1 4

SOLþ VS2 20 3 29

SOLþ VSþ 27 4 52

Abbreviations: ER, emergency room; SOL, signs of life (papillary reaction,

respiratory effort, motor effort); VS, vital signs (palpable blood pressure,

palpable pulse); –, absent; þ, present.

Source: Adapted from Ref. 16.
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to increase the cost of health care and unnecessarily exposes
treating physicians to communicable diseases. The clinical
algorithm given in Figure 3 can be used to determine
which patients should undergo resuscitative thoracotomy.

KEY POINTS

The emergency room resuscitative thoracotomy is
employed to aid in the resuscitation of the trauma
patient. Specifically, its function is to provide access to
the thoracic cavity, aorta, and pericardium thereby
facilitating the institution of life-saving therapy.
The objectives of resuscitative thoracotomy are to (i)
relieve cardiac tamponade, (ii) perform open cardiac
massage, (iii) occlude the thoracic aorta in an attempt
to improve cerebral and coronary circulation and
decrease intra-abdominal hemorrhage, (iv) control
life-threatening intrathoracic hemorrhage, and to (v)
control bronchovenous air embolism.
In general, there are three indications for thoracotomy
after traumatic injury: (i) shock or arrest with a sus-
pected correctable intrathoracic lesion, (ii) specific diag-
nosis (cardiac tamponade, penetrating cardiac lesion, or
aortic injury), and (iii) evidence of ongoing thoracic
hemorrhage.
Complications can be minimized by delegating the
most senior or the most experienced surgeon to
perform the resuscitative thoracotomy. In training situ-
ations, the most experienced physician should directly
supervise.
The factors that have the most impact on survival are
mechanism of injury (stab wound, gunshot wound, or
blunt trauma), location of injury (thoracic, abdominal,

or extremity), presence or absence of vital signs or
signs of life upon arrival to the emergency room or
trauma bay, and length of time that a patient receives
cardiopulmonary resuscitation.
On review of the survivors, they concluded that resus-
citative thoracotomy is futile in patients with no signs
of life and blunt trauma requiring greater than five
minutes of CPR or penetrating trauma requiring
greater than 15 minutes of CPR, provided the airway
has been secured with endotracheal intubation.
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INTRODUCTION

Optimum resuscitation and evaluation of the trauma patient
involves a repetitive, systematic approach. The American
College of Surgeons (ACS) Advanced Trauma Life Supportw

(ATLSw) course provides a framework for the systematic
evaluation of injured patients which involves primary and
secondary surveys of the patient (1). The primary survey
(PS) (Volume 1, Chapter 8) is designed to recognize and
treat immediately life-threatening conditions within the
first few minutes of the patient’s arrival. The secondary
survey (SS) is described as a head-to-toe examination,
including tubes and fingers in every orifice, and is intended
to diagnose all injuries before formulating a definitive man-
agement strategy. A tertiary survey (Volume 1, Chapter 42)
should also occur and is typically conducted in the surgical
intensive care unit (SICU), after the patient returns from
surgery or the resuscitation suite (2), and serves as an
additional screen to decrease the risk of missed injuries.

The SS entails a comprehensive assessment of the
patient and constitutes the initiation of overall treatment
planning. The SS consists of more than just the complete
history and physical examination. It is the gateway to suc-
cessful recovery and return to productive engagement in
society. Without a thorough, thoughtful approach to the SS,
injuries may be missed, which, paradoxically can have a
greater impact on function than those encountered in the
PS. Definitive care, takes the patient from the initial injury,
through emergency treatment to a complete restoration of
functional capability. The importance of the SS to overall
outcome cannot be overstated.

TIMING, OVERVIEW, AND DECISIONMAKING

The SS represents the continuation of a systematic and
organized approach to the care of the trauma patient. After
the PS (Volume 1, Chapter 8), which includes the initial resus-
citation and stabilization of the patient’s airway, breathing, cir-
culation, disability, and exposure (ABCDEs) the SS is the most
important phase of the trauma patient’s evaluation. The

purpose of the SS is to discover all the injuries and begin

to plot the course for definitive management of those inju-

ries. Conducting a head-to-toe, comprehensive, physical
exam of the patient, collecting a complete patient history,
and using targeted adjuvant laboratory tests and imaging
studies accomplishes these objectives. The particular evalu-
ation and management guidelines for various specific
injuries are provided in subsequent chapters of this book.

Before the SS can begin, the airway must be intact or
secured: breathing can be spontaneous or assisted. In
addition, blood pressure must be appropriate, the patient
properly immobilized, if necessary, to prevent additional
injuries, and the body exposed for complete evaluation
and control of active hemorrhage. The SS begins as
soon as lifesaving therapy is completed (i.e., immediately
after the ABCDEs of the PS). Serious traumatic injuries
such as exposed bone or other visually shocking findings
must not distract the caregiver from higher priority assess-
ments necessitated by the PS.

Comprehensive Evaluation of the Trauma Patient
During the SS, every inch of the patient is examined,
palpated, and auscultated. This evaluation is not to be
taken lightly or dismissed as insignificant, or relegated to
the most junior member of the trauma team. This exam is
as important as the PS, and must be carefully conducted or
supervised by experienced individuals who are capable of
identifying subtle telltale signs of potentially hidden major
injuries. The examiner must be alert, for it is during this
time that an active search is undertaken to identify every
injury the patient may have sustained. A well conducted
and thorough SS will prevent missed injuries and improve
patient outcomes. Systematic regimentalism is key in
the SS. By performing the evaluation the same way and in
the same order each time, the team is less likely to skip

important items or miss injuries.
Careful consideration must be given to the mechanism

of injury, as this will assist the examiner or trauma team
leader in identifying injuries that may be specific to this
patient. This can be easily accomplished by searching
for specific injury patterns that are commonly found and
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consistent with the mechanism of the injury sustained by the
patient (3,4).

Timing of the Secondary Survey
The SS does not begin at a specifically defined point in time.
Rather, it represents a transition in the evaluation process,
beginning after the PS is completed; but, can proceed con-
currently with other activities (e.g., ongoing resuscitation).
While the patient is assessed from head to toe and histo-
rical information is gathered, several activities are taking
place simultaneously (Fig. 1). As resuscitation continues,
the extent of injuries identified during the PS is more
thoroughly evaluated. Stopgap measures may have been
put in place during stabilization of the ABCDEs, and these
must be reassessed and reapplied as necessary. Additional
lab and imaging studies are obtained, a management plan
for identified injuries is formulated, and an initial destina-
tion for the patient is determined.

Decision Making/Prioritizing Injury Management
The ABCDEs that characterize the PS have become useful
methods to address the proper sequence for resuscitation
priorities. During the SS, the evaluation process is guided
and directed in a similar fashion. The evaluation priorities
during the SS should also consider the pattern of injury
sustained to anticipate problems that might occur, as well
as to begin planning the resources essential to complete
the evaluation process and treatment. It is helpful to
group injuries into five broad categories of the body: (i )
head and neck, (ii ) chest, (iii ) abdomen, (iv) pelvis, and (v)

extremities.
Using this approach, the trauma team can begin to

determine the nature of actual and potential injury that
must be addressed, estimate the resources necessary to
perform such evaluation and treatment, assign probabilities

of risk associated with the possibility of future adverse
events and complications, and determine the scope of
resources essential to the optimal recovery of the injured
patient. Categorization of the injury pattern serves to
organize the concept of definitive care in an efficient
manner, and assists in prioritization of care events depend-
ing on risks and patient needs. Finally, an inventory of
resources required to achieve these goals is assembled,
and decisions are made regarding the appropriateness of
the patient’s current location for accomplishing the
therapy; or whether transport to a new location [operating
room (OR) or radiology] will be required.

Advanced Triage
The ACS committee on trauma (COT) has also developed
guidelines for trauma centers designed to provide consistent
and comprehensive care to trauma patients regardless of
their demographics, mechanism of injury, or initial destina-
tion of resuscitation (5).

Trauma centers with resources insufficient to address
specific complex injuries begin to address the question of
advanced triage during the SS. If there is a concern that
resources or specialists may not be available to treat specific
injuries, then arrangements should be made to transfer the
patient to a center capable of providing advanced trauma
care. Resource limitations should prompt early consider-
ation for transport to a definitive care facility.

Continuous Reassessment
The patient’s resuscitation and monitoring must continue
during the SS. The airway, breathing, and circulation must
be frequently reassessed to ensure that the patient remains
stable. Changes in the patient’s airway, breathing or circula-
tion (ABCs) must be identified early so immediate interven-
tion can be initiated as necessary. Deterioration of the

patient’s vital signs during the SS should prompt a reas-
sessment of the ABCs and adjustment of the resuscitation
plan. If a problem with the ABCs declares itself during
this time, the SS is stopped until the condition is remedied
and the patient is deemed stable. Life-threatening injuries
identified in the PS must be addressed first.

The SS generally adapts during the patient’s stay in the
resuscitation area and may commence at different points
in the evaluation dependent upon the resources available.
The PS is conducted with the implementation of interven-
tions and resuscitation as needed to correct and/or control
the ABCs. Blood is drawn, trauma radiographs [lateral
cervical spine (c-spine), chest, and an AP pelvic film] are
obtained as necessary, as the SS is completed, and the man-
agement plan is implemented.

In larger trauma centers where more extensive
resources are available for patient management, this linear
management scheme is rarely followed. The SS may be
delegated to a specific individual and performed in parallel
while others are simultaneously conducting other activities
including the PS and directing the resuscitation.

In smaller centers where resources are usually more
limited, linear evaluation should dictate the course of
events. When resuscitation personnel are limited,

patient evaluation should follow a regimented, linear
approach to ensure all essential areas are evaluated and
important tasks are completed. The PS and patient
resuscitation should be completed before the head-to-toe
physical exam and comprehensive history gathering of the
SS begins. This is especially true if there are only one or

Primary Survey
(Volume 1, Chapter 8)

RESUSCITATION

Secondary Survey

Injury 

Assessment 

Decision

Making

Destination

Planning

Complete History

Complete Physical

Laboratory Tests

Additional X-Rays

Special Tests

Figure 1 Activities of the secondary survey. The secondary

survey (SS) begins after the primary survey (PS—Volume 1,

Chapter 8) is completed. Resuscitation begins during the PS and

continues during the SS and beyond, if necessary. The investiga-

tive elements of the SS are listed on the left side, the assessment,

decision-making, and planning elements are emphasized on the

right side of the figure.
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two individuals available to evaluate the patient. It is not
unusual in small centers to find that the individual evaluat-
ing the patient is also responsible for supervision of the
resuscitation. Focus upon highest priority injuries (i.e., great-
est immediate threat to life) must prevail and less critical
tasks must be delayed until the primary needs are
addressed.

In larger centers some aspects of the SS may begin
when the patient arrives in the trauma suite concurrently
with the PS and resuscitation, when resources and personnel
are available. The trauma team leader must maintain

an overview of the vital signs, progress of resuscitation,
and management of the team to ensure care is
appropriate. The team leader must be focused and
process essential information about patient stability and
resuscitation before evaluating issues or injuries that are of
lesser importance.

Elimination of Missed Injuries
One of the primary goals of the SS is to eliminate or mini-
mize the possibility of missing any specific injury. How
this is accomplished is best left to individual trauma center
practices, but requires careful thought. Injury assessment
algorithms designed to prevent missed injuries constitute a
process requiring consistent delivery to prevent unintended
variation within the process. Process variation opens the door
to the possibility of missing injuries. Having said that, there
remain two diagnoses that can never be made by the
trauma team: the ones you don’t know about and the ones
you don’t think about. The tertiary survey (Volume 1,
Chapter 42) is performed after the patient returns from the
OR, or after other procedures in radiology, and is focused
on totally viewing the patient once more to further minimize
missed injuries (6,7).

PATIENT HISTORY

In addition to the head-to-toe physical examination and
re-evaluation of the vital signs, a comprehensive and com-
plete history is an important element of the SS. The history
should include the mechanism of injury, use of protective
devices (e.g., seat belts, helmets, etc.), the patient’s past
medical history including medical problems, previous
surgeries, medication use, and allergies, a comprehensive
review of each organ system, social history, family history,
and a pain rating (see Volume 2, Chapter 5).

The ABCDEs reviewed in the PS are reassessed
during the SS as standard practice, including careful
attention to any perturbations in the vital signs. Those
vital signs should include pulse character and rate, blood
pressure, respiratory pattern and rate, temperature, and
pulse oximetry. How the patient responds to therapy and
whether the patient improves or deteriorates over time
should also be considered. This essential information
provides insight into resuscitation adequacy, or whether
additional therapies may be necessary to stabilize the patient.

Prehospital History
Trauma patients may arrive initially unable to effectively com-
municate because they are frightened, confused, intoxicated,
or unresponsive due to traumatic brain injury (TBI) or other
catastrophic intracranial events. Occasionally, they may
refuse to communicate and will not voluntarily answer

questions. All available prehospital resources are

utilized to obtain a coherent account of the prehospital
events, including the nature and mechanism of injury.
Every effort should be made to obtain relevant informa-
tion from family members or friends as soon as possible.
If resources are available, physicians, nursing staff, or
other emergency department (ED) personnel can be dis-
patched from the trauma resuscitation area to obtain
this information from waiting family and friends. Other
important and often overlooked or underutilized sources
of information include paramedics, firefighters, or police
personnel who may have had contact with family or
friends at the scene.

In acute trauma management, it is not uncommon for
caregivers to rely on limited information to make treatment
decisions. Astute observation during the physical exam
will compensate for lack of information and may reveal
important clues to the patient’s medical history. The pre-
sence of surgical scars may reveal a cardiac history or the
presence of a pacemaker. A witnessed thorough search and
subsequent inventory of the patient’s personal belongings
can also provide information.

Prehospital data should include the initial vital signs
and how they changed during the course of treatment
and transport. All prehospital treatment interventions

must be carefully reviewed. For example, if the patient
experienced cardiopulmonary arrest it is important to
know if, and for how long, cardiopulmonary resuscitation
(CPR) was administered; and what drugs were used to
effect resuscitation, or cardiac conversion. If the patient
was found in arrest, it is necessary to have an estimate of
the time the patient was asystolic or in shock (without ade-
quate circulation) before resuscitative efforts were initiated.
This information may prevent unnecessary procedures in
patients with very little or no chance of survival (8).

If the patient was transferred from another institution,
all accompanying laboratory results or radiographic images
operation reports and resuscitation reports should be
shipped with the patient, and fully reviewed. A quick deter-
mination needs to be made if the studies performed were
adequate, and current, or whether new labs or imaging
studies need to be obtained or repeated.

Mechanism of Injury
Assembling a clear and concise history of the events leading
to the injury by communicating with rescue workers
or transporting personnel is essential. This information
should include all available facts. The mechanism of injury
is of paramount importance (9). The fact that the patient
struck another vehicle at 50 mph versus 15 mph can
obviously influence injury patterns. This portion of
the history may be relayed by the patient or by the
emergency medical service (EMS) providers. In this age
of digital cameras and video, EMS providers now often
obtain pictures of the scene that include views of the
damage to the cabin compartment of the vehicle, or the
extrication process, or both. These images can provide an
invaluable tool in supplying information regarding the
amount of force that was applied to the vehicle and
patient, and can give the clinician clues as to where to
search for injury patterns.

If the patient was the driver of a motor vehicle, perti-
nent details include: whether the patient was wearing seat
belts (and what type: 2-point, 3-point, etc.); if an airbag
was present, and if it was deployed; the type of car, how
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fast it was traveling, whether it struck an object or another
vehicle, or whether it was struck. A description of type and
amount of damage should be obtained. Knowing that the
window was “starred” (i.e., fragmentation pattern in “shatter
proof” glass that appears like a “starburst”) provides evidence
of a possible head, face, or neck injury. A full discussion of all
types of potential injuries and information that should be
obtained is beyond the scope of this text but a list of important
questions can be found in Table 1.

Past Medical/Surgical History
A complete past medical history should be obtained.
Caregivers can also provide information about current
active or chronic health problems. The duration, severity,
and type of treatment of each condition are important
elements of the patient’s preinjury condition. This history
must also include information about any past surgeries.

Medications/Allergies
All medications prescribed to the patient should also be
reviewed. Special care should be taken to be alert to drugs
that may have an impact on the patient’s hemodynamic
response to resuscitation such as beta blockers. Other
important medications that may affect resuscitation efforts
or provide insight into mechanisms of injury include drugs
for asthma, psychiatric conditions, or seizure disorders.

The use of specific over-the-counter drugs, such as

aspirin, needs to be determined. Birth control pills,
hormone replacement, steroids, and prescription allergy
pills are often overlooked as inconsequential by patients,
and may not be mentioned when asked about a medication
history and specific questions should address these drugs.
Older patients also should be specifically questioned about
their use of coumadin, aspirin or other anticoagulants. Medi-
cation allergies should also be sought, including any aller-
gies to latex or radio contrast.

Social History
It is important to know whether patients smoke, drink, or
engage in recreational illicit drug use (or other pertinent
social behaviors). Although these questions are frequently
answered as the patient enters the resuscitation room,
medical personnel must attempt to quantify usage and
amount. Additional social information concerning living
arrangements, job status, and family environment may yield
clues of depression or other psychiatric implications.

Patients may be guarded in response to questions
relating to these sensitive areas, particularly if a loved one
has been injured or killed, or a crime has been committed (10).
However, this information may have an impact on their
treatment and ultimate prognosis, and so answers must
be sought. Patients should be reassured that all medical
information obtained is confidential and will only be used
in consideration of their treatment plan. Medical person-
nel must remain professional, objective, unbiased and, most
importantly, nonjudgmental as these issues are addressed
with either the patient, or the family members, or both
(see Volume 2, Chapter 64).

Patients may require emergency surgery, and the
time of their last oral intake is important, as it will aid the
anesthesiologists in the care of the patient, requiring elective
surgery. However, full stomach considerations should never
delay emergency procedures.

Review of Systems
When time is short, at the very least basic background

information should be obtained. A useful acronym for this

information is “AMPLE” (allergies, medications, past
medical history, last meal, and events of the trauma).
The “review of systems” is an often overlooked part of the
SS in trauma patients. It may not be necessary to completely
assess a “medical student’s” review for each organ system,
but focused and relevant questions that may offer clues to
overlooked medical problems or hints about the cause of
potential trauma is important (Table 2).

In the United States, the Joint Commission on the
Accreditation of Health Care Organizations (JCAHCO) has
begun to emphasize the importance of the systems review,
and now seeks evidence that it has been completed and is
included in patient charts when they review hospitals for
reaccreditation.

Searching for the presence of chest pain, shortness of
breath, or fainting episodes in an elderly patient who
drove his car into the side of a wall may yield the diagnosis
of a cardiac condition that contributed to the accident.
Focussed questions concerning a history of back pain may
help explain physical findings of back tenderness on the
SS. Talking with the patient may reveal that the back pain
and tenderness he is experiencing in the trauma bay is no
different than the pain and tenderness that he experiences
every other day due to a chronic condition. This piece of
information obtained by questioning the patient may

Table 1 Important Information to Obtain Based upon the

Mechanism of Injury

Mechanism of injury Information to seek

Motor vehicle crash Position in vehicle (e.g., driver)

Use of restraints (seatbelts/airbags)

Ejection

Direction of cars/point of impact

Speed of patient car

Loss of consciousness at scene

Condition of windshield

Motorcycle crash Driver/passenger

Helmet use

Other protective gear present

Patient position relative to motorcycle

when found

Near drowning Estimated time under water

Estimated time to return to spontaneous

breathing

Type of water—pond/lake/ocean

Estimated temperature of water

Associated trauma—e.g., diving,

hyperbaric issues

Gunshot wounds Type of gun/bullet

Direction of patient relative to shooter

Distance of shooter to patient

Estimated number of gunshots fired at

patient

Jumps/falls Height of fall

Type of surface impacted

Position patient found on surface

How the patient landed
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prevent a costly workup. Women should be queried about
there menstrual history and where they are in their cycle,
and women of childbearing age should be asked about the
possibility of their being pregnant.

PHYSICAL EXAMINATION

A comprehensive discussion of the physical exam require-
ments for each organ system is beyond the scope of this
chapter. The reader is directed to several appropriate
sources in the reference list (11,12). However, examination
of areas that are important to the identification of potential
injuries will be reviewed. Quantification of each element of
the physical exam however is required. Trauma patients,
especially those with critical injuries, must undergo frequent
reassessment. Frequent reassessment of the physical

exam is important; changes in the physical exam may
prompt alterations in the management plan.

The body may be conceptually divided into several
key functional areas for ease of evaluation: neurological,
head and neck, chest, abdomen and pelvis, thoracolumbar
spine, extremities, and vascular systems.

Neurological
The hallmark of the neurological exam is that it must be
complete, and frequently repeated. A single exam is only a
snapshot of the patient’s condition at that particular
moment. Multiple exams over time are needed to determine
if the patient is improving or deteriorating; and thus, the
second exam is compared to the benchmark first exam.
The first priority is evaluating the patient’s pupils and
level of consciousness, which can be measured by the
Glasgow Coma Scale (GCS) (provided in Volume 1, Chapters
4, 8, 23). After assessing the GCS, an evaluation of the per-
ipheral sensation, muscle tone/strength, and symmetry
should be undertaken. The neurological exam, especially

the GCS, should be frequently repeated. Any changes
should be documented in the chart, and any significant
deterioration should be immediately communicated to the
neurosurgical consultant.

Head/Maxillofacial
The scalp and head should be palpated for deformities
or evidence of lacerations or bleeding. Lacerations in the
scalp can be a source of significant blood loss. Any areas of
active hemorrhage identified on the scalp during the SS
should be immediately controlled with sutures, staples or
clips. Active areas of hemorrhage identified during the
SS should be promptly addressed. Ecchymoses behind
the ears, around the eyes, or in dependent areas should be
sought. The mid face should be evaluated for instability.
Dentition should be examined and any missing teeth
should be noted. The eyes should then be examined for
pupil response, evidence of hemorrhages in the conjunctiva
and fundi, and the extraocular muscles evaluated for signs
of entrapment. A simple screening of the visual acuity can
be easily accomplished by having the patient read print
from an intravenous (IV) catheter or other convenient packa-
ging. The ears and nose should also be evaluated for the pre-
sence of blood or cerebral spinal fluid. The finding of
decreased hearing in an elderly patient may not be the
result of a recent injury, but rather constitute a long-standing
condition.

Neck
The C-spine and neck should be evaluated next. All
trauma patients with an injury mechanism that has affected
the head, neck, or torso should be suspected of having a

spine injury until it is “ruled out” by physical examination,
imaging studies, or both. The practitioner must not be
in a hurry to remove the cervical collar. The presence of
pain on palpation or motion, even in the face of a negative
radiograph, is cause to continue immobilization due to the
threat of undiagnosed ligamentous injury. Palpation for cer-
vical tenderness should be performed while inline stabiliz-
ation is maintained, and should include palpation of the
bony elements, as well as the soft tissue of both posterior
and anterior structures. Care must be taken to avoid the
common mistake of having the head immobilized to the
spine board while allowing the torso to move freely. This
allows the torso to act as a torque or pivot point in the
event that the patient moves, or is acutely “log rolled” for
vomiting control. C-spine and thoraco-lumbar-sacral (TLS)
spine precautions should be maintained during the evalua-
tion process, and until a thorough assessment of potential
spinal cord injuries is complete.

Careful attention should be given to the palpation of
the trachea for signs of deviation, crepitus, or subcutaneous

Table 2 Pertinent Review of Systems Questions

Topic/anatomic area Pertinent questions

General Overall health

Weight loss

Bleeding history

Eyes Wears glasses/contacts/other corrective

device

Blurring/spots

Recent change in vision

ENT Change in hearing/recent hearing loss

Pain/ringing in ears

Neurological History of stroke

Dizziness/headaches

Seizures/history of head injury

Cardiovascular Chest pain/palpitations

Diaphoresis

History of heart murmur/CAD/heart

attack

Respiratory Difficulty breathing/shortness of

breath/exertional dyspnea

History of pulmonary embolism/
pneumonia

Home oxygen use

Gastrointestinal/GU Abdominal pain, hepatitis

Nausea/emesis/bowel habits

History of renal insufficiency/failure

Hematological Use of anticoagulants, platelet inhibitors

Prior DVT, peripheral vascular disease

Pain in legs/swelling in legs

Psychiatric Anxiety/depression

Other psychiatric disorders

Endocrine Diabetes/thyroid/adrenal problems

Use of synthroid/steroids

Abbreviations: CAD, coronary artery disease; DVT, deep venous thrombo-

sis; ENT, ear, nose, and throat; GU, genitourinary.
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emphysema. The carotid arteries should be auscultated and
the carotid upstroke evaluated for symmetry or the presence
of bruits. Jugular venous distention or flattening should be
noted. Ecchymoses from seatbelts or other sources should be
identified. For penetrating trauma of the cervical region, the
zones of the neck should be identified, and the vasculature
should be evaluated above and below the location of the
wound (see Volume 1, Chapter 24) (13).

Chest
Examination of the chest begins with an evaluation of
ventilatory status. Breath sounds should be evaluated not
only anteriorly but in the axilla as well. The quality of the
breathing effort should also be assessed. Next, the core
circulation is assessed. The heart should be auscultated
for evidence of quality (distant heart sounds may be an indi-
cation of tamponade), murmurs, rubs, or gallops. Palpation
of the ribs, sternum, and clavicles should be undertaken to
evaluate for the presence of crepitus, subcutaneous emphy-
sema, symmetry, or pain. The front and back of the chest
should be examined in search of injuries that may have been
overlooked during the PS (also see Volume 1, Chapter 25).

Abdomen
The abdomen extends into portions of both the chest and
pelvis. For example, a wound at the 5th intercostal space
might have penetrated either the chest cavity or the
abdomen (or both). The abdomen should first be inspected
for gross injury or bleeding. Ecchymoses should be noted.
Periumbilical ecchymoses, (called “Cullen’s Sign”), may be
an indication of intraperitoneal bleeding. “Grey-Turner’s”
sign, (ecchymoses in the flank), may also be an indica-
tion of intraperitoneal or retroperitoneal bleeding. The
abdomen should be auscultated to assess bowel sounds,
then palpated in an effort to identify areas of tenderness
(also see Volume 1, Chapter 27).

Pelvis/Perineum/Rectum/Vagina
Stability of the pelvis should be assessed in three directions.

Patients with known or suspected pelvic fractures
should not be repeatedly examined for fear of exacerbating

the injury. The iliac crests should be forcibly palpated and
assessed for motion by lateral to medial, and anterior to pos-
terior pressure. The pubis should then be palpated for
anterior to posterior compression. However, patients with
known pelvic fractures should not be forced to undergo mul-
tiple painful bouts of re-examination or manipulation in the
resuscitation area. Not only does forceful manipulation of
fractures increase pain, it can also increase bleeding. The pre-
sence of “open book” pelvic fractures accompanied by hypo-
tension requires that urgent external fixation be placed, or
that the pelvis be wrapped in a sheet to temporize, as the
patient will likely require angiographic placement of hemo-
static coils or sponges to control retroperitoneal hemorrhage
(see Volume 1, Chapter 28).

Any gross bleeding from the urethra, vagina, and
rectum should be noted, and all patients should have a
gentle rectal exam to assess rectal tone and the presence
of gross rectal blood. The position of the prostate should
be noted in males. The perineal area must be examined
in all patients, and targeted evaluation of the vagina in
some women and the testicles in some men should also
be included. Foley catheters should not be inserted
until the urethral meatus is examined for blood, and in
males, the rectal exam is performed to assess the integrity

of the prostatic urethra. Patients with blood at the

urethral meatus should have an urethrogram. Patients
with gross blood in their urine should undergo a retrograde
cystogram.

Thoracolumbar Spine
The thoracic and lumbar spine should be examined for
evidence of tenderness, stepoff deformities, ecchymoses,
or penetrating injuries. While the patient is being “logrolled”
for this evaluation, a thorough examination of the back and
flanks for abrasions, bruising, or other evidence of traumatic
injuries should be done (also see Volume 1, Chapter 26).

Extremities
All extremities must be carefully evaluated for injuries. Minor
musculoskeletal injuries, especially involving the hands and
feet are often missed during the SS, and represent the most
common missed traumatic injury. All extremities should first
be visually inspected for gross deformities and then palpated
for tenderness to rule out the presence of fractures. All
extremities should be carefully examined to rule out

sprains, strains, and fractures. Areas of suspicious
edema, ecchymoses, or tenderness should undergo radio-
logical evaluation to rule out fractures (also see Volume 1,
Chapter 29).

Vascular Assessment
Attention should focus on the six characteristics of vascular
compromise (parasthesia, pain, poikothermia, paralysis,
pallor, and pulselessness) to detect the possibility of
vascular compromise. Pulses in all major areas should be
assessed for their presence, strength, and equality with the
other side. Differences or deficits should be carefully noted.
It is especially important to evaluate pulses in patients with
extremity injuries, and in the elderly.

ADJUNCTS TO THE SECONDARY SURVEY
Additional Imaging
Targeted radiographic tests including computed tomography
(CT), plain x-rays, ultrasound evaluations, or angiography are
part of the SS. Be mindful of the old trauma adage: “Death
begins in X-Ray.” Do not send clinically tenuous patients
out of the controlled environment of the resuscitation bay
or intensive care unit (ICU) to obtain imaging studies.

When “unstable” patients must be transported, it must
only occur with a fully trained and equipped team to
manage and intervene in “crash situations.” The decision
to transport and proceed with these additional tests is also
driven by the patient’s condition and suspected injuries.
Some of these tests may be performed in the resuscitation
suite; other more complicated tests such as CT or angiogra-
phy would require transfer to the radiology department.
Ultimately, the decision to proceed with additional testing
out side the controlled environment of the resuscitation
suite of the ED or an ICU must be dictated by patient stability.

Additional Laboratory Tests
Additional laboratory tests should be obtained at the time of
the SS. During the PS, or immediately after, several tubes of
blood are usually drawn from the patient (Volume 1,
Chapter 8). Supplemental blood tests obtained during
the SS are based on clinical conditions. The initial labs
include a complete blood count, basic chemistries, and a
type, and screen. Often blood is initially drawn for all of
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these tests, but not sent until the patient’s clinical condition
and suspected injuries mandates that these values be
obtained.

Supplemental studies, if needed, include: hepatic
profile, coagulation panel, amylase and lipase, and a drug
screen. All females of childbearing age should have a beta
HCG drawn (14). Arterial blood gas analysis should be
obtained on all intubated patients, those requiring fluid
resuscitation for suspected hypovolemic shock, and any
patients that appears to be in respiratory distress. The
decision to convert a type and screen to a type and cross
should be dictated by the patient’s clinical condition and
anticipated need for ongoing fluid resuscitation or operative
intervention. The arterial blood gas provides valuable
insight into the physiological status and resuscitation pro-
gress. Acid-base status, lactate, and serial hematocrit
measurements should be followed, as these values have
been demonstrated to be of immediate clinical value (see
Volume 1, Chapter 12).

Special Diagnostic Procedures
Additional diagnostic procedures are often conducted as
part of the SS; these include but are not limited to broncho-
scopy, esophagoscopy, anoscopy, and rigid or flexible sig-
moidoscopy. These procedures may be performed safely at
the patient’s bedside with conscious sedation either in the
ED or ICU (see Volume 2, Chapter 5).

CONTINUED ASSESSMENTAND PLANNING
Overview
Every injury of significance begs the question of “What’s
next?” from a management perspective. Organizing and
sequencing the subsequent aspects of care utilizes data
obtained during the SS, input from the consulting services,
and information obtained from specialized diagnostic
imaging studies are used to plan for the ongoing needs of
the individual trauma patient.

An analogy with the PS is relevant at this point. Just as
life-saving interventions performed during the PS change
the dynamics of care within subsequent steps of the PS, inter-
ventions (planned or anticipated) during the SS affect the
course of management for the injured patient during and
subsequent to each phase of the SS. Because each additional
intervention has an impact on the subsequent dynamics of
care, each intervention must be carefully measured for
effect in terms of the overall benefit versus additional risks
to the patient, both short-term and long-term.

Input from Consultants
Consultants play a pivotal role in the diagnosis and treat-

ment of specific injuries, but often their care must be appro-
priately delayed in the unstable patient. Specialist
consultants experienced in the management of complex
multi-system injury are requisite to the successful recovery
of the trauma patient. Such consultants understand the
necessity of working together as a team, the need to
defer treatment if the patients’ condition warrants, and to
be part of the larger staged process of injury management.
Consultants must be committed to prompt availability,
often at the time of initial presentation, but also cognizant
of the need to defer even essential operative intervention if

the patient condition warrants. Each team provides special
competencies that bear on patient outcome.

After the acute evaluation and treatment period, pat-
ients are transferred to the SICU for continued resuscitation
and stabilization. This phase of care must be supported
aggressively by a trauma team that works closely with the
critical care team. Critical care management focuses on opti-
mizing neurologic, pulmonary, and cardiovascular functions
while achieving adequate nutrition, preservation of renal
function aggressively, managing actual or potential infection,
controlling skin integrity, and enabling physical and mental
rehabilitation at the earliest extent possible.

Direct communication between the trauma team and
the various consultative services is essential (15,16). So too
is communication between the consulting services and
the patient’s family. The consultants must adhere to the
dictum that the trauma team is ultimately in charge of
patient management decisions, but must be free to educate
the family as to the nature, scope, and impact on recovery
of each injury and proposed intervention (under their
jurisdiction).

Diagnostics and Subsequent Imaging
The most dangerous place for a fragile trauma patient is
away from the OR or the ICU. When patients must be trans-
ported elsewhere for diagnostic or therapeutic procedures
(i.e., radiology) members of the trauma team and/or
anesthesiology/critical care must accompany the patient.
The member of the trauma team that accompanies the
patient is based upon the patient’s stability. If unstable, a
senior member should be present to assist in directing resus-
citation and providing the relevant information regarding
the patient’s trauma injuries and evaluation status to con-
sulting services.

MISSED INJURIES
The Importance of Missed Injuries
The purpose of standardized trauma care and systematic
patient evaluation is to rapidly provide a high level of repro-
ducible care to severely injured patients. It is important
to specifically discuss “missed injuries” in this chapter
because one of the fundamental purposes of the SS is to
identify all injuries and prevent subsequent morbidity that
results from missed injuries. Ideally, a carefully performed
patient assessment will achieve this goal.

Occasionally, even the best trauma centers, under ideal
circumstances with experienced personnel, fail to detect an
injury. The missed injury rate in trauma has been variably
reported between 10% and 40% (17–19). A survey of
national trauma centers conducted by our institution
demonstrated that the overall (self reported) missed injury
rate is approximately 3.0%.

Life-threatening lesions such as the classic “ruptured”
aorta are the missed injuries typically described in case
reports or discussed at mortality and morbidity conferences.
Although these major injuries are obviously important
and missing this diagnosis can have catastrophic conse-
quences, the most common wounds that trauma center direc-
tors report as missed are the minor extremity injuries.
Situations that increase the likelihood that injuries will be
missed during the SS include: (i) altered mental status, and
(ii) OR resuscitations, in which full SS could not be completed
prior to surgery. In these settings, the tertiary survey
(Volume 1, Chapter 42) becomes even more important.
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Strategies for Reducing Missed Injuries
A comprehensive, well-performed, and documented SS is
an important tool for preventing missed injuries. There are
other important considerations for both caregivers and
trauma programs that are trying to reduce the missed
injury rate. These involve how the trauma team deals with
altered mental status, documentation, and the tertiary
survey.

Patient Mental Status
Mental status can influence a trauma team’s judgment
regarding the risk of missed injury. Altered mental status
clearly increases the risk of missing injuries in two ways—
brain or spine injury may make some types of injury more
difficult to detect and altered mental status makes the
physical examination unreliable. The overall accuracy of
physical examination is limited, but this clearly worsens in
patients with altered mental status. It is important to
remain objective and sensitive to alterations in the patient’s
mental status or behavior, and understand how this may
impact the patient’s assessment and impair management
decisions.

Documentation
Well-documented information will aid caregivers in deter-
mining whether subsequent findings are new injuries or
changes from an evolving injury process. Trauma patients
are often managed by a large group of diverse caregivers
and consultants. Each will rely on the medical record to
begin their responsible management. Importantly, treatment
decisions and care planning may evolve very rapidly,
especially if emergent operative intervention is required
and the trauma record will be used by anesthesiologists,
who have to make important decisions with limited time
and information.

Effective strategies for record keeping include: (i) using
standardized preprinted history and physical forms, and (ii)
having a separate caregiver, preferably a physician or nurse,
record information as it is obtained.

Two types of documents are typically produced at
trauma resuscitations. The first involves a detailed record
of the resuscitation events, which is produced by a recording
registered nurse. This information is kept on a standardized
recording sheet, and includes information such as vital
signs, resuscitation interventions, basic physical exam find-
ings, and a record of all drugs or fluids administered to
the patient. A second type of document is a standardized
physician history and physical (Fig. 2). This document
serves as the physician’s appraisal of the patient’s infor-
mation injuries and relevant information gathered during the
resuscitation. Positive findings as well as pertinent negative
findings are recorded. It also contains a list of problems and
injuries, and a brief outline of the management plan.

Preprinted history and physical forms act as visual
triggers to ensure that the complete evaluation of the patient
is performed.

Although the impact of preprinted forms on reducing
the incidence of missed injuries is unclear, an informal
survey of major U.S. trauma centers conducted by the
authors revealed that centers using preprinted, standardized
forms had a lower rate of missed injuries than those centers
that record information freehand without a form. There are
medical and legal consequences to inadequate record
keeping, and it is no longer appropriate to record history

and physical information freehand on a blank sheet of
chart paper.

The Tertiary Survey
The tertiary survey (Volume 1, Chapter 42) is employed at
increasing numbers of first rate trauma centers as an
additional tool to reduce the incidence of missed injuries.
The tertiary survey is an additional head-to-toe evaluation of
the trauma patient, usually conducted in the SICU 24 hours
after admission. The purpose is to completely re-evaluate
the patient with the goal of identifying injuries that may
have been missed at the initial resuscitation. There is increas-
ing evidence demonstrating that the implementation of this
tool can decrease the missed injury rate (2).

EYE TOTHE FUTURE

The SS remains the benchmark comprehensive evaluation of
the trauma patient. Process improvements and technological
improvements will only strengthen the type of information
that is gathered and the rapidity with which it is recorded.

Expect the future to bring more advanced and readily
available imaging equipment into the trauma resuscitation
area. Ultrasound equipment for conducting the FAST exam
is now a standard modality available in most emergency
departments and trauma resuscitation areas. The relatively
new application of this technology has practically replaced
the diagnostic peritoneal lavage for the evaluation of free
blood in the abdomen of the unstable blunt trauma patient.
Newer technology such as the Micropower impulse
RADAR may shortly be available to rapidly detect chest
injuries such as a pneumothorax.

Advances in communications including video confer-
encing between the prehospital environment and the ED
will allow physicians to have more information available
before the trauma patient arrives at the resuscitation suite.
This may allow for more directed resuscitation care and
the acquisition of data that is normally discovered during
the evaluation in the resuscitation suite. At our institution,
physician staffed air medical helicopters are equipped with
portable ultrasound devices. FAST exams are conducted by
certified personnel at referring institutions, in the field, or
in the air en route to our trauma center. This technology
and advances in communications will likely change the
way trauma patients are assessed in the future.

Despite evolving laboratory and diagnostic tests, and
the availability of enhanced communications, the SS
currently remains dependent on the human practitioner to
use their diligence, attention to detail, repetition, insight,
and clinical acumen to detect injuries and formulate a
care plan.

SUMMARY

The SS is subordinated to the PS and the identification and
treatment of acute, life- threatening injuries. It is the coordi-
nated, systematic, and comprehensive evaluation of the
trauma patient including a thorough history and physical
examination. The patient is thoroughly screened and exam-
ined from head to toe, looking for any and all injuries.
Injuries identified in the PS are also carefully rescrutinized.
Basic trauma radiographs, advanced imaging, advanced
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Figure 2 Standardized trauma attending admission record. This form is completed by the trauma attending of record. It has designated

data fields for mechanism of injury, prehospital treatment, admission trauma score, and circulation, respirations, abdomen, motor, and

speech (CRAMS). There is both room for the written descriptions of the admission examination, as well as a human figure (anterior

and posterior) on which designations can be made to show sites of injury, as well as other important findings.
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diagnostic testing, and additional laboratory tests are
obtained as part of this process.

An important component taking place along with the
SS is the repetitive evaluation of vital signs, reassessment
of the patient’s overall clinical status, early implementation
of the treatment plan, and the planning of definitive care.
Definitive care decisions are complex, and often involve
operative planning, specialist consultation, and the need
for advanced triage and transfer to a more comprehensive
facility.

KEY POINTS

The SS entails a comprehensive assessment of the
patient, and constitutes the initiation of overall treat-
ment planning.
The purpose of the SS is to discover all the injuries and
begin to plot the course for definitive management of
those injuries.
The SS begins as soon as lifesaving therapy is
completed (i.e., immediately after the ABCDEs of the
PS).
Systematic regimentalism is key in the SS. By perform-
ing the evaluation the same way and in the same order
each time, the team is less likely to skip important items
or miss injuries.
It is helpful to group injuries into five broad categories
of the body: (i) head and neck, (ii) chest, (iii) abdomen,
(iv) pelvis, and (v) extremities.
Resource limitations should prompt early consideration
for transport to a definitive care facility.
Deterioration of the patient’s vital signs during the SS
should prompt a reassessment of the ABCs and adjust-
ment of the resuscitation plan.
When resuscitation personnel are limited, patient
evaluation should follow a regimented, linear approach
to ensure all essential areas are evaluated and import-
ant tasks are completed.
The trauma team leader must maintain an overview of
the vital signs, progress of resuscitation, and manage-
ment of the team to ensure care is appropriate.
The ABCDEs reviewed in the PS are reassessed during
the SS as standard practice, including careful attention
to any perturbations in the vital signs.
All available prehospital resources are utilized to obtain
a coherent account of the prehospital events, including
the nature and mechanism of injury.
All prehospital treatment interventions must be care-
fully reviewed.
The use of specific over-the-counter drugs such as
aspirin, needs to be determined.
When time is short, at the very least basic background
information should be obtained. A useful acronym for
this information is “AMPLE” (allergies, medications,
past medical history, last meal, and events of the
trauma).
Frequent reassessment of the physical exam is import-
ant; changes on the physical exam may prompt altera-
tions in the management plan.
The neurological exam, especially the GCS, should be
frequently repeated.
Active areas of hemorrhage identified during the SS
should be promptly addressed.

All trauma patients with an injury mechanism that has
affected the head, neck, or torso should be suspected of
having a spine injury until it is “ruled out” by physical
examination, imaging studies, or both.
Patients with known or suspected pelvic fractures
should not be repeatedly examined for fear of exacer-
bating the injury.
Foley catheters should not be inserted until the urethral
meatus is examined for blood, and in males, the rectal
exam is performed to assess the integrity of the pro-
static urethra.
All extremities should be carefully examined to rule out
sprains, strains, and fractures.
Be mindful of the old trauma adage: “Death begins in
X-Ray.” Do not send clinically tenuous patients out of
the controlled environment of the resuscitation bay or
intensive care unit (ICU) to obtain imaging studies.
Supplemental blood tests obtained during the SS are
based on clinical conditions.
The arterial blood gas provides valuable insight into the
physiological status and resuscitation progress.
Consultants play a pivotal role in the diagnosis and
treatment of specific injuries, but often their care must
be appropriately delayed in the unstable patient.
Preprinted history and physical forms act as visual trig-
gers to ensure that complete evaluation of the patient is
performed.
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INTRODUCTION

Evaluation and management of cervical spine (C-spine)
injuries constitute mandatory knowledge for the traumato-
logist because up to 3% of trauma victims will have C-spine
fractures, with ligamentous injuries occurring in an even
greater number (1). Many of these patients will require immedi-
ate airway intervention. However, cervical manipulations
during airway management can potentially exacerbate a
spinal cord injury (SCI). Nearly all forms of airway intervention
will cause some movement of the C-spine. There are at least two
reported cases of quadriplegia occurring after airway interven-
tion in previously neurologically normal patients. In addition,
maintenance of C-spine protective equipment and protocols
complicate airway management (rigid collar, inline immobiliz-
ation, etc.) and should not be maintained longer than necessary
in patients who do not have significant injury. The overall
incidence of unstable C-spine injury in blunt trauma

patients is approximately 2.4% (1) and rises to between
4.6% (2) and 34.4% (3) in unconscious patients.

This chapter provides a contemporary approach to
initial evaluation and management of trauma patients with
known or suspected C-spine injuries. It is recognized that
imaging decision-making varies depending upon the con-
dition of, and risk to, the patient. To this end, three major
patient categories are assigned different imaging rules: (i)
low risk alert; (ii) high risk alert; and (iii) obtunded.

Before summarizing evaluation recommendations, this
chapter provides a comprehensive review of C-spine
anatomy, along with a survey of common types of injuries
(e.g., fractures, subluxations, and ligamentous ruptures). The
lesions are classified in terms of the biomechanical forces
that caused the injury [e.g., flexion-extension (Flex-Ex),
compression, etc]. Standard radiographic views are then
presented along with important supplemental views
(e.g., swimmers, obliques, and Flex-Ex laterals). Although

advanced imaging modalities [i.e., computed tomography
(CT), and magnetic resonance imaging (MRI)] are clearly
superior, the basic radiographic views are still important.

Airway management considerations are only briefly
summarized in this chapter, as readers are referred to Volume
1, Chapter 9, for a more definitive treatise on the subject. The
major management portion of the chapter is then provided,
emphasizing the clinical decision making and rationale for
selection of various imaging modalities during C-spine evalu-
ation in both awake and obtunded patients.

The authors recognize that although general consider-
ations reviewed here will remain accurate for decades, some
of the specific recommendations will change. The fluidity of
C-spine management algorithms derives from the recent and
ongoing advancements in imaging technology and treat-
ment techniques.

EPIDEMIOLOGY

Approximately 40,000–50,000 spine injuries occur annually
in the United States, with approximately 10,000 SCIs and
30,000 fractures without associated paralysis (4). Roughly
50% of all spinal injuries involve the C-spine. Motor
vehicle collisions (MVCs) are responsible for the majority
of spine injuries, and ejection from the vehicle increases
the risk up to 36 times (5). Nearly 21% of all MVC fatalities
involve C-spine fractures, with 80% involving C1 or C2.

Although 1% to 3% of all severely injured patients
will have C-spine fractures, the incidence is increased when
restraints are not used, following ejection from the passen-

ger compartment, in auto-pedestrian accidents, and follow-
ing head-first falls or diving accidents.

The annual medical care cost (in U.S. dollars) for patients
with SCI is approximately $10,000,000,000. According to the
National Spinal Injury Statistical Center (NSISC), the average
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medical cost for a patient with a complete SCI involving C1–C4
is $417,000. Medical costs over that patient’s lifetime are about
$1,300,000. One out of every ten spinal injuries is immediately
fatal, usually due to high C-spine injuries.

There are three large peaks in the anatomic distri-
bution of spine fractures and dislocations. These are at
C1–C2, C5–C7, and T12–L2 along with a smaller peak at
T4. This was first recognized by Jefferson (Fig. 1) (6) in his
series of 2006 cases in 1927, and has not changed signifi-
cantly over the last three quarters of a century. Many of
the patients with high C-spine injuries (C1–C2) die in the
field because of ventilatory insufficiency from the high SCI.
The vast majority of C-spine injuries occur between C5–
C7. Although the level of SCI does not always correlate
with the site of fracture/dislocation, it often does. As a
general rule, C-spine injuries are more devastating than
lower, thoraco-lumbar, injuries. Because up to one-third of
spine injuries are initially missed (7), it is incumbent upon
the traumatologist to learn the fundamental anatomy and
radiographic characteristics of the C-spine vertebrae.

ANATOMY
Divisions
The C-spine can be divided from cranial to caudal into three
major divisions (upper, middle, and lower). The upper
cranio-cervical division includes the occiput, C1, and C2 (8).
Dislocations and major fractures of C1/C2 and SCI in this
region are frequently fatal due to respiratory failure (C3, C4,
and C5 innervate the diaphragm). Patients often expire
before the arrival of first responders in the field. However, frac-
ture, or ligamentous injury, without SCI in this upper region
often occurs. The middle portion of the C-spine is the least

frequently injured. Injuries in the C5–C7 region are

common following blunt trauma (6), emphasizing the
importance of visualizing all the cervical vertebra, along
with the top of T1, on C-spine radiographs (Fig. 2).

The C-spine can also be divided into three columns of
stability (anterior, middle, and posterior) (9). The anterior
column consists of the anterior two-thirds of the vertebral
bodies, intervertebral disks, and anterior longitudinal liga-
ment. The middle column consists of the posterior one third

Figure 1 Distribution of spinal injuries according to level. Three major peak incidences occur at C1–C2, C5–C7, and T10–L2. A fourth

smaller peak occurs at T4. The bimodal distribution within the cervical spine area relates to the nexi of maximum biomechanical force appli-

cation. Source: From Ref. 65.

Figure 2 Lateral radiograph of cervical spine (A) not showing the

C7–T1 junction. On the swimmers view (B), with the vertebral

bodies outlined, it is possible to see the C7–T1 fracture dislocation

with anterior translation of C7 on T1, confirmed by the sagittal

T2 magnetic resonance imaging (C), which in addition shows spinal

cord high signal compatible with edema or hemorrhage (arrow).
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of the vertebral bodies, intervertebral disk, and posterior longi-
tudinal ligament (Fig. 3). The posterior column contains all of
the posterior elements formed by the pedicles, transverse
processes, articulating facets, laminae, and spinous processes.

The anterior and posterior longitudinal ligaments
maintain the structural integrity of the anterior and middle
columns. The posterior column is held in alignment by a
complex ligamentous system, including the nuchal ligament,
interspinous and supraspinous ligaments, capsular liga-
ments, and ligamenta flava.

Unfortunately, most classification schemes, including
the “three-column concept of Dennis,” fail to include

consideration of the neurologic elements and the neurologic
status, both critical factors in the decision to operate or not.

Bony Elements
The C-spine extends from the occipital condyles of the skull
to the thoracic spine. The cervical spinal cord begins at the
exit of the foramen magnum. The bony elements of the
C-spine protect the spinal cord, but can also injure it
when bones are compressed or following a burst fracture
with retropulsion.

The first cervical vertebra (C1), the atlas, is specialized
and actually does not contain a true vertebral body.
The atlas is composed of anterior and posterior arches
(Fig. 4). The arches join at the lateral masses, from which
extends a transverse process on each side, at the base of
which the transverse foramen surrounds the vertebral artery.
Both arches and the transverse processes can be fractured (10).

The second cervical vertebra (C2), the axis (or epistro-
pheus), is also specialized. It serves as a transition vertebral
element between the atlas and the lower cervical vertebra
(Fig. 5). The body of C2 gives rise to the cranially directed
“dens” (or odontoid process) (11). The pedicles of C2 are
fused with the sides of the dens/body structure. The C2
transverse processes are small and end in a single tubercle,
the transverse foramen which runs obliquely.

Cervical vertebrae C3–C7 contain a body, lateral from
which runs the costal process (through which runs the trans-
verse foramen), before completing the lateral extent as the
articular process (Fig. 6). The laminae run posterior-medially
on both sides, meeting in the midline forming the bifid
spinous process and creating the large triangular vertebral
foramen. C7 has a long thick spinous process directed

Figure 3 Axial CT scan at mid cervical level showing division of

columns: anterior, middle, and posterior.

Figure 4 First cervical vertebra, the atlas. Viewed from above (A), lateral (B), and anterior (C).

Figure 5 Second cervical vertebra, the axis. Viewed from above (A), lateral (B), and anterior (C).

Figure 6 Cervical vertebrae general characteristics. Viewed from above (A), lateral (B), and anterior (C).
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posteriorly (not bifid). The C7 vertebra is often referred to as
“vertebra prominens” due to the prominent spinous process
felt during posterior neck surface palpation.

Ligamentous Support
Numerous ligamentous structures help maintain C-spine
stability. These include the anterior longitudinal ligament,
the posterior longitudinal ligament, the capsular ligaments,
the ligamentum flavum, along with a posterior complex
of ligaments. When one or more of these supporting
ligamentous structures are disrupted, C-spine instability
can result (Figs. 7 and 8).

The atlanto-occipital joint has a series of supportive
ligamentous structures as well, including the anterior
longitudinal ligament, alar, and apical ligaments from the
dens to the occiput. The posterior longitudinal ligament con-
tinues to become the cruciform ligament, incorporating the
transverse ligament between the lateral masses of C1 (12).
Disruption of these ligaments can lead to atlanto-occipital
dislocation (Fig. 9).

INJURIES TO THE CERVICAL SPINE
Structural Types
Injuries to the C-spine can occur to the bone (fractures),
ligaments (complete disruption or partial tear), or to the
spinal cord itself, or to all three. Often C-spine injuries
include physical damage to all three of these structures; in
other situations, only one of the three major components
will be injured (8). In addition to these structures, injuries
can occur to vascular structures, also resulting in neurologic
abnormalities. When “spinal cord injury without radio-
graphic (routine studies) abnormality” (SCIWORA) occurs
following trauma, additional, more advanced imaging
modalities are generally required (as discussed later) (13).

Fractures
Fractures of the C-spine can occur at any level, though they
typically occur at the areas where the greatest strains occur
during trauma. Fractures are best visualized using thin
multi-slice CT, but most significant fractures are seen with
plain radiographs (14). Once fractures are detected by

Figure 7 Lateral radiograph (A), sagittal reformatted computed tomography (B), and sagittal T1 (C), T2 (D), and T2 fat saturation

(E) images of the cervical spine showing widening of the C6–C7 interbody space due to rupture of the anterior longitudinal ligament

(arrows). Note that there is also a clay-shoveler’s style of fracture at C7 (dotted arrow) in this hyperextension injury, likely due to direct

compression, rather than the usual hyperflexion injury.
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plain films, the patient should undergo a formal CT scan of
the area for staging. Occasionally MRI is required, as

described later in this chapter.
Fractures can occur in isolation, or be associated with

ligamentous disruption and subluxation/dislocation of
the vertebral column. Numerous fracture classifications

exist (8). The radiographic appearance helps spine surgeons
understand the mechanisms and forces involved, and
thereby helps direct treatment (i.e., to stabilize against dis-
traction forces). Accordingly, C-spine fractures are categor-
ized in greater detail later in this chapter, with groupings
based on the biomechanical forces involved in the fracture.

Ligamentous DisruptionçPredicted by
Subluxation/Dislocation Pattern
The pattern of subluxation/dislocation depends on the
ligaments injured and any associated spinal fracture (12).

Although some fracture patterns are inherently unstable

(e.g., type 2 odontoid fracture), other fracture patterns
usually deemed stable will actually be unstable if there is
accompanying ligamentous injury. As seen in Figures 7
to 9, some ligament injuries will show up on radiographs
as soft tissue swelling, subluxation/dislocation, or as widen-
ing of a disc space. Other ligament injuries will be occult on
radiographs, only showing up when stressed as in active
flexion/extension views, or when using more sensitive
imaging such as MRI (15).

On MRI, a ligament may be seen to be torn when it is
discontinuous, or assumed to be torn when there is a large
amount of focal soft tissue edema (15). An unstable ligamen-
tous injury is one in which there is progressive deformity or
a worsening SCI. Although we do not recommend flex-ex
views in unconscious patients, ligamentous instability in
cooperative patients can be assessed by delayed active
flexion/extension lateral views. Because muscle spasm and
pain often occur in the first week after injury, this can
cause a false negative study. Accordingly, dynamic flexion/
extension lateral views are best done at least 10 days after
injury. The patient should be fully conscious, and either
sitting or standing for this study. However, some spine
surgeons will obtain these studies early. If it is positive, it
is significant. If negative, it may not be a valid study
due to pain or spasm. Criteria for instability are not well

Figure 9 Lateral radiograph of the upper cervical spine in a 28-

year-old man involved in a motorcycle crash. There is wide occi-

pitoatlas separation compatible with effectively complete ligament

disruption. In addition there is a small basion avulsion seen adja-

cent to the tip of the odontoid and marked soft-tissue swelling.

Figure 8 Lateral radiographs of the upper cervical spine, neutral (A) and flexion (B), showing abnormal movement of C1 anteriorly on C2

with flexion due to rupture of the transverse ligament of C2. Note the widening of the anterior atlantoaxial joint on the flexion view (line).
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established, but subluxation greater than 3.5 mm, angular
deformity greater than 118, facet joint widening or incongru-
ity, and widening of the interlaminar distance at one level
greater than 1.5 times than at the adjacent levels are findings
often used to define instability (Fig. 10).

Spinal Cord Injury Without Radiographic Abnormality
SCIWORA is a condition principally affecting young chil-

dren (accounting for two-thirds of severe SCIs in those less
than eight years of age) (13,16). As the name implies,
there is no radiographic (including CT) evidence of injury.
Because of the relative ligamentous laxity of children,
and because the spinal cord is tethered more securely
than the vertebral column, longitudinal distraction (with

or without flexion and/or extension) of the vertebral
column may result in primary SCI without spinal fracture
or dislocation.

Cervical Spine Fractures and Dislocations Classified
by Biomechanical Forces
The mechanism of trauma and associated biomechanical
forces explain the fracture patterns that result (Table 1).
However, some trauma scenarios involve numerous sequen-
tial, or combined forces so that the final result is complex.
This section reviews the most common and “classic” fracture
patterns. However, it should be noted that the examples
described in the list provided often overlap, and combi-
nations of these injuries also commonly occur.

Flexion Injuries
Occipitocervical dislocation most commonly results from a
flexion injury, but can also be caused by extension or distrac-
tion. In those who survive to reach a hospital, the skull most
commonly is anteriorly displaced on C1. This is often difficult
to diagnose on radiographs, as evidenced by the numerous
secondary methods of detecting the displacement. Conver-
sely, it is easier to appreciate on CT, as the misalignments
of the occipital condyles on the lateral masses of C1 are
visualized fairly well on the sagittal reformations (Fig. 11).

Odontoid fractures are usually the result of flexion
forces (17). These are divided into three types according to
the classification of Anderson and D’Alonzo (18). Type 1
fractures are those involving only the cephalad portion of
the dens. They are inherently stable, since only one alar liga-
ment is attached to the fracture fragment and the fracture
line is usually above the transverse ligament. Type 2 frac-
tures are transverse fractures through the base of the odon-
toid. They are unstable and heal poorly with nonoperative
management (Figs. 12 and 13). Type 3 fractures involve the
body of C2. They can occur in any place, and primarily
take place in metaphyseal (good healing) bone of the body
of C2. Type 3 fractures are usually stable. Due to the larger

Figure 10 Lateral delayed active erect extension (A) and flexion

(B) views of the cervical spine in a 17-year-old male, showing

significant subluxation of C3 on C4 with flexion.

Table 1 Cervical Spine Injuries Classified According to the Biomechanical Forces Applied

Force C-spine injury Comments

Flexion Occipitocervical dislocation Plain film radiographs may miss

Odontoid Fx Three types; type 2 most unstable and difficult to Rx

Flexion tear drop Fx Unstable, high risk of quadraplegia/paraplegia

Wedge compression Fx By itself, generally stable

Bilateral facet dislocation Unstable, superior vertebral facets may lock anterior to the inferior vertebra

Clay-shoveler’s fracture

(C7 . C6 . T1)

Stable when isolated, if polytrauma less stable

Flexion-rotation Unilateral locked facets Unstable if subluxation and interspace widening (i.e., associated disc injury)

Facet fracture Unstable if adjacent ligaments are disrupted

Extension C1 posterior arch Fx Stable

Hangman Fx of C2 Unstable—classified by Effendi re displacement

Extension tear drop Fx Stable by itself, usually involves C2–C3

Hyperextension (pedico-

laminar) Fx/dislocation

Unstable, usually unilateral with accompanying anterolisthesis

Vertical

compression

Occipital condyle Fx If unilateral usually stable, but may have associated hematoma compressing medulla

Jefferson Fx of C1 Unstable—widened lateral masses seen on open-mouth odontoid view

Burst fracture Spinal cord impingement common

Unstable if posterior longitudinal ligament ruptured

Abbreviations: (C7 . C6 . T1), clayshovelers fracture most common in C7 followed by C6 and T1; C-spine, cervical spine; Fx, fracture; Rx, treat.
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surface area of the fracture and more cancellous bone
involved they usually heal with cervical thoracic or halo
vest immobilization (Fig. 14).

Flexion teardrop fractures are one of the most
severe and unstable injuries to the cervical spine

(19,20). They usually occur in the midlower C-spine.
Although the teardrop fragment that is pulled off by the
anterior longitudinal ligament is displaced anteriorly, it is
the accompanying injury to the disc and posterior ligaments
which leads to posterior displacement of the vertebral body
into the spinal canal that causes SCI, often as anterior cervi-
cal cord syndrome (19,20). This consists of abrupt quadriple-
gia, usually with relative preservation of the posterior
columns. This injury is usually apparent on lateral radio-
graphs (Fig. 15), but the degree of spinal bony canal stenosis
is best seen with CT scan (Fig. 16), and the damage to the

spinal cord (and hence ability to gauge prognosis) is best
seen with MRI (Fig. 17).

Wedge compression fractures result from flexion
injury with no greater than 25% compression of the middle
column, no injury to the posterior longitudinal ligament,
and only rare posterior element injury. This usually stable
fracture pattern generally occurs in the mid or lower C-
spine. The anterior column is compressed more than the
middle column (Fig. 18) in these fractures.

Associated posterior longitudinal ligament injury can
be assessed on lateral radiographs using dynamic flexion
extension films and/or MRI. If the patient has not suffered
damage to the posterior longitudinal ligament, this injury
can be treated nonoperatively with an orthosis. If the pos-
terior longitudinal ligament is torn and/or if the posterior
elements are disrupted, fusion for stability should be con-
sidered (8).

Bilateral facet dislocation is an unstable pattern of
injury because of extreme flexion of the C-spine with
posterior ligamentous injury. As the inferior facets of the
superior vertebra slide forward and over the superior
facets of the inferior vertebra, there is accompanying
anterolisthesis of the superior vertebral body and widening
of the interspinous distance. The facets can lock in this
position. This pattern of injury can be recognized on an

Figure 11 Coned down sagittal reformatted computed

tomography scan of the left (A) and right (B) occipitoatlas joints,

which both show anterior subluxation of the occiput on the lateral

masses of C1 (arrows) due to rupture of the supporting ligamen-

tous structures.

Figure 12 Lateral radiograph of upper cervical spine shows a

19-year-old female with a low, type 2, unstable odontoid fracture

(arrow). Note the misalignment of the posterior vertebral body

with the posterior margin of the odontoid process.

Figure 13 Flexion (A) and extension (B) lateral radiographs of

the upper cervical spine. On the flexion view it is possible to see the

type 2 dens fracture due to the anterior displacement of the dens on

the body, compared with the normal extension view.

Figure 14 Open-mouth anterior–posterior odontoid view,

showing an odontoid fracture at the base of the dens (between

arrows). This is either a low type 2 fracture or a high type 3

fracture.
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anterior–posterior (AP) radiograph of the C-spine with
widening of the space between two adjacent spinous pro-
cesses (Fig. 19). When the degree of anterolisthesis is
greater than 25%, a high rate of associated SCI results.

The “clay-shoveler’s fracture” (Figs. 7B and 20) classi-
cally involves the distal aspect of the spinous process of the
lower C-spine, usually C7 and occasionally T1 (21,22). This is
a traction injury resulting from powerful flexion, as occurs
from abrupt contraction of anterior neck muscles when
lifting a heavy shovel (e.g., full of wet clay or snow). There
is rarely any associated neurologic injury. This avulsion-
type fracture is generally stable (when resulting from this

simple mechanism). However, fractures of the lower cervical
spinous processes can also result from hyperextension
combined with hyperflexion and cause more extensive
bone and soft tissue injury resulting in unstable fractures.

Figure 15 Lateral radiograph of the lower cervical spine

showing a C5 flexion teardrop fracture. Note the triangular

fragment anteroinferiorly on C5 (arrow).

Figure 16 Sagittal reformatted computed tomography of

the cervical spine in a 22-year-old female shows a C5 flexion

teardrop fracture with accompanying retropulsion of the body of

C5 into the spinal canal.

Figure 17 Sagittal T2 magnetic resonance imaging of cervical

spine shows a flexion teardrop fracture of C6, with accompanying

prevertebral soft tissue swelling and inter/supra spinous edema.

The heterogeneity of the signal within the spinal cord at this level is

compatible with hematoma and as such indicates a poor prognosis

for recovery of spinal cord function.

Figure 18 Lateral radiograph of a 28-year-old man. At C7 it

is possible to see an anterior–superior wedge compression fracture

by nature of the disruption in the superior and anterior cortices

(arrows).
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Figure 19 Lateral radiograph (A) of the cervical spine in a 46-year-old female shows down to C7, but does not adequately show T1.

The accompanying anterior–posterior radiograph (B) shows abnormal widening of the interspinous distance at C7–T1 (arrows), suggesting

a bifacet dislocation. On close inspection of the swimmers view (C) it is possible to see a 30% anterolisthesis of C7 on T1. The

subsequent axial computed tomography (CT) (D) shows bifacet dislocation. The concave surfaces of the facets should be apposed, not the

convex surfaces. This is also termed naked or unsatisfied facets. The midsagittal reformatted CT (E) shows the anterolisthesis with a

small anterosuperior T1 avulsion fracture and widened interspinous distance. The accompanying sagittal T1 (F), T2 (G), and T2 fat

saturation (H) magnetic resonance imaging shows the above findings and also spinal cord edema and disruption of the disc and posterior

ligamentous complex.
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Flexion Rotation
Unilateral locked facets can occur when one of the paired
facet joint’s capsule and posterior ligaments are torn. Stab-
ility is determined by whether there is discal injury, as
seen by subluxation and widening. This injury produces
the discontinuous line of spinous processes on an AP radio-
graph because of rotation at the level of injury, and, on the
lateral view, a sudden change in the alignment of the
facets (Fig. 21).

Facet fractures can also occur following flexion-
rotation forces. Often a superior or inferior articular facet
will fracture off the pars allowing rotation to occur
between the two adjacent vertebrae. The stability of this frac-
ture depends on the damage to adjacent ligaments and/or
disc. The fracture may be difficult to see on routine radio-
graphs, but secondary movement will be similar to a unilat-
eral facet dislocation on flexion-extension lateral films.

Extension
C1 posterior arch fractures are stable, and are caused by
compression between the posterior arch of C2 and the
occiput (Fig. 22). Although these fractures are stable, there
is a theoretical increased risk of neurologic injury following
neck trauma.

The “hangman fracture” consists of bilateral
pedicle or pars fractures and associated anterior subluxa-
tion or dislocation of the C2 vertebral body (23,24).
This would more correctly be called “a hangee fracture,”
because it occurs in the person hung, rather than the execu-
tioner. With the knot of the hangman’s rope placed anterior
to the chin, the injury is due to hyperextension. More com-
monly, the injury occurs when the head hits the steering
column or dashboard in an MVC. Fractures most commonly
involve the pars region of C2, between the superior and
inferior facets, and less commonly are more anterior in the
region of the pedicle. These unstable fractures can be sub-
divided depending upon any accompanying displacement,
according to the classification of Effendi (25). Type 1 is less
than 2 mm displaced. Type 2 is either displaced greater
than 2 mm, or there is angulation between the C2 and C3
vertebral bodies (Figs. 22, 23, and 24). Type 3, which is
rare, has accompanying dislocation of the C2–C3 facet joints.

Extension teardrop fractures occur with hyperexten-
sion. The anterior longitudinal ligament avulses the

Figure 20 Anterior–posterior (AP) (A) and lateral (B) radio-

graphs of the cervical spine in a 41-year-old female which, on

the AP view, show a double C6 spinous process (arrows), and on

the lateral view show the oblique old fracture line due to a clay-

shoveler’s fracture.

Figure 21 Anterior–posterior (AP) (A) and coned down lateral

(B) radiographs of cervical spine to show the C6–C7 unilateral

locked facet. The AP view shows an abrupt change in the line of

spinous processes at C6–C7 (denoted by lines), and the lateral

view shows the C6 facets perfectly superimposed, but the C7 facets

rotated like open butterfly wings.

Figure 22 Lateral radiograph of the upper cervical spine shows a

combination of hyperextension fractures that often occur in com-

bination. There is a posterior arch C1 fracture (solid arrow), C2

hangman fractures (opposing arrowheads), and a hyperextension

teardrop avulsion from the anterior–inferior corner of the body of

C2 (dotted arrow).
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anteroinferior corner of a vertebra. This nearly always occurs
at C2 or C3. In itself this is a stable fracture, but may accom-
pany other injuries (Fig. 22).

Hyperextension fracture dislocation, now more cor-
rectly called pedicolaminar fracture-separation, occur, as
the name suggests, to the ipsilateral pedicle and lamina
due to hyperextension with rotation of the now floating
lateral mass. They are usually unilateral and may have
accompanying anterolisthesis. The radiographs show
rotation of the lateral mass in relation to all others on the
lateral view, which on the AP view is seen as one lateral
mass appearing to have been taken with the beam caudally
angled and all the others appearing normal (Fig. 25). These
are best seen on CT.

Vertical Compression
Occipital condyle fractures are easier to diagnose with CT
becoming a routine modality in the evaluation of trauma.
These fractures are very difficult to see on plain radiographs.
Occipital condyle fractures can result from compression as
part of a more extensive basilar skull fracture or due to
rotation with lateral bending. When unilateral, they are
usually stable, and the main concern is a hematoma com-
pressing the medulla. When bilateral, there should be a
high level of concern for atlanto-occipital dislocation
(Fig. 26), which can be initially occult (8).

A “Jefferson fracture” consists of multi-part break-

age of the C1 ring as a result of axial loading to the head
(26). Due to the orientation of the lateral masses of C2
and the occipital condyles, a vertical compression force to
the head will burst open the ring of C1. If the lateral
masses are significantly displaced (greater than 7 mm total
displacement over the lateral margins of the C2 superior
facets or the occipital condyles), there usually is an accompa-
nying tear of the transverse ligament. This fracture is well

Figure 23 Surface-rendered, 3D-reformatted computed tom-

ography scan of the upper cervical spine showing displaced bilat-

eral Effendi 2 hangman fractures (between opposed arrows).

Figure 24 Lateral radiograph of upper cervical spine showing

bilateral pars interarticularis fractures of C2. This hangman frac-

ture is associated with angular and translational deformity

indicating an Effendi type 2 injury.

Figure 25 Lateral (A) and anterior–posterior (AP) (B) radio-

graphs of the cervical spine showing the rotated right C6 lateral

mass, the “floating lateral mass,” due to a pedicolaminar fracture

separation. On the lateral view the mass is rotated, and on the AP

view the mass stands out as being in a different orientation to the

other lateral masses (arrow).

Figure 26 Coronal reformatted computed tomography of

the occipitoaxial region shows a left occipital condyle avulsion

fracture (arrow).
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visualized on the open-mouth AP (odontoid) view as a
widening of the lateral masses of C1 compared to C2
(Fig. 27). It is best assessed on axial CT (Fig. 28).

Burst fractures of the lower C-spine involve vertebra
from C3–C7, often including more than one level (Fig. 29).
These result from axial loading. The nucleus pulposus of
the disc is driven into the vertebral body, which bursts
outwards. There is retropulsion of bone into the spinal
canal and, if the fragments are not contained by the posterior
longitudinal ligament, there is a high likelihood of SCI. If the
posterior longitudinal ligament is ruptured the fracture is
unstable. There is often a sagittal plane fracture through
the vertebral body that may be seen on the AP radiograph
(Fig. 30), but in best seen on a coronal and axial CT (Figs.
29 and 31). Burst fractures with SCI of the C-spine have a
high morbidity. Operative decompression and fusion
results in the best outcome of these unstable injuries with
a chance for neurologic improvement if the injury is not
complete (27).

HISTORYAND PHYSICAL EXAM
High-Risk Activities Associated with C-Spine Injury
The most common mechanisms of injury should be con-
sidered during the primary and secondary surveys of the
Advanced Trauma Life Supportw (ATLSw) paradigm (e.g.,
MVCs, falls from heights, diving accidents, etc.). There is a

wide range of activities that can occur alone or in combination
that predispose to an elevated risk of C-spine injury. The
traumaologist must initially rely upon a fundamental and con-

ceptual knowledge of mechanisms and patterns of injury
(Volume 1, Chapter 2) to guide early management. Many
of the common mechanisms of injury are provided in
Table 2 (28–30).

C-Spine Injuries Relationship to Restraint Devices
Paradoxically, some restraint devices will increase the inci-
dence rate of various injuries particularly if not applied
properly: for example, having the lap belt in place without
the associated cross-chest restraint in proper position will
result in increased risk of lumbar “chance fractures”
(Table 3).

Also when improperly sized according to the body
habitus, there is an increased risk of injury. Again, the

Figure 27 Open-mouth odontoid view showing lateral offset of

the lateral masses of C1 on C2, indicating a “Jefferson” (burst)

fracture of C1.

Figure 28 Axial computerized tomography of the atlas shows

the double right and single left disruption to the ring of the atlas

due to a vertical loading burst (Jefferson) fracture.

Figure 29 Coronal reformation computed tomography

of cervical spine. There are three consecutive burst fractures of

C4–C6 (between arrows).

Figure 30 Anterior–posterior radiograph of cervical spine

showing a C6 burst fracture as a vertical line in the vertebral body

(between arrows).
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traumatologist will be guided by the mechanics and patterns
of injury as reviewed in Volume 1, Chapter 2, as well as the
corresponding and tell-tale signs and symptoms of related
injuries (e.g., hematoma or echymosis diagonally over
lateral neck and chest is a classic “shoulder harness sign”
with an increased risk of C-spine injury, and/or large
vessel injury in neck or chest (Table 3) (31–33).

Motor and Sensory Exam
The rapid and accurate determination of neurologic

exam has both treatment and prognostic importance and
should be carefully performed and meticulously documen-
ted. The initial examination during the primary survey
reviews gross motor and sensory deficits. During the sec-
ondary survey a full and detailed examination is obtained.
Table 4 summarizes the sensory dermatomes and key myo-
tomes innervated by the various spinal level nerves. A key
for the standard ranking of motor strength based upon the
American Spinal Injury Association (ASIA) is provided in

Table 5 (34). The ASIA motor scale is now used in preference
to the Frankel classification (35).

Advanced Trauma Life Support Screening Approach
The screening suggestions put forth by the American
College of Surgeons in the most recent ATLS guidelines
provide very useful recommendations (Table 6) (36).
However, these guidelines are evolving, and should not be
considered as the complete, or final word. In section
“General Approach and Management Algorithms,” data
are provided regarding the evaluation of the C-spine
injured patient and include important results from several
large trials, as well as the role of evolving imaging modal-
ities. The points emphasized in the ATLS recommendations
should be considered when making patient care decisions,
and the recommendations (reviewed later) will further
clarify decision making for initial management.

RADIOGRAPHIC TRAUMA EVALUATION
Essential Views
A recent review outlining the evolving concepts toward
achieving best practice in the imaging of C-spine trauma is
provided by Tins (37). CT scanning has assumed an increas-
ing role in the evaluation of the C-spine in all trauma
patients. However the basic radiographic views will con-
tinue to be used, particularly in venues without CT scanners
(i.e., many military field hospitals, in satellite clinics of
industrialized countries, in nonindustrialized countries).
Trauma patients with significant mechanisms of injury
(Table 2) should be referred to a Level-I trauma center in geo-
graphic regions where these are the only facilities with CT
scanners (Volume 1, Chapter 4).

In the evaluation of the C-spine, helical CT scan, (par-
ticularly multislice or volumetric) has higher sensitivity and
specificity than plain radiographs in the moderate- and high-
risk trauma population, but is more costly. However, Grogan
et al. found that institutional costs associated with missed inju-
ries make helical CT scan the least expensive approach (38).

Table 2 High-Risk Injuries Associated with Cervical Spine Injuries

Injury category Comments/examples

Motor vehicle crashes

(retained occupant)

Frontal impact potentially the greatest energy transfer, particularly when versus immobile object or

oncoming vehicle. Frontal impact clues include bent steering wheel, or bull’s-eye fracture, wind-

screen. Associated injuries following a frontal impact include: anterior flail chest, myocardial

contusion, pneumothorax, traumatic aortic disruption, fractured spleen or liver, posterior fracture/
dislocation of hip, knee.

Rear impact can cause hyperextension injuries with C-spine injury or soft tissue sprain (whiplash).

Side impact can also cause a C-spine injury. The above injuries can occur with a side impact as well,

though rib fractures and flail segments are more often lateral in location

Motor vehicle crashes

(ejected occupant)

Direct impact with immobile objects following ejection can result in devastating injuries or death.

C-spine injuries should be carefully excluded

Motor vehicle impact

with pedestrian

In addition to high risk for C-spine injury, there is a high risk of head injury, traumatic aortic

disruption, abdominal visceral injuries, and fractured lower extremities/pelvis

Falls from heights Direct impact (e.g., landing on head, or flexion/extension injuries if landing on other body surface)

Diving accidents Axial load is the major mechanism. Associated injuries include aspiration pneumonia, head injuries,

and thoracic trauma

Assault to head, or having heavy

object fall upon the head

Patient found down following assault should be suspected of C-spine injuries until proven otherwise

Abbreviation: C-spine, cervical spine.

Figure 31 Axial computed tomography at the level of C5 shows

a burst fracture in a 32-year-old man. As well as the retropulsion of

bone into the spinal canal, there is noted to be a characteristic

sagittal plane fracture of the vertebral body.
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Cross Table Lateral
If the traumatologist is only able to obtain one view of

the C-spine, it should be the cross table lateral (CTL),
as this study demonstrates most injuries (8). The CTL
image must display all of the cervical vertebrae from the
occiput to the top of T1 (Fig. 32). However, 15% of injuries
may still be missed with the CTL view alone. If a high
resolution C-spine CT scan is obtained as part of the initial
evaluation of the trauma patient, the “scout view” can be
evaluated as a lateral C-spine to readily discern obvious
abnormalities. Areas of concern should be more carefully
evaluated with a focused CT scan, if not already performed.

In evaluating the CTL film the practitioner should verify
the alignment of the three major lines: anterior vertebral body,

posterior vertebral body, and spinolaminar lines, noting that
the spinolaminar line normally passes 2 mm posterior to C1
spinolaminar line in a continuing smooth curve from C2 to
the opisthion (posterior border of the foramen magnum)
(Fig. 33). The posterior vertebral bodyline is the most accurate.
Of note, when supine, the weight of the head rests upon the
occiput and there is often a reversal of the normal cervical
lordosis in the upper C-spine.

The clinician should verify that the “predental” and
“prevertebral” spaces appear normal. The “predental”
space is located between the anterior aspect of the odontoid
process and the posterior aspect of the anterior ring of C1.
Normal values are less than 3 mm (adult) and 5 mm (child).
The “prevertebral” soft tissue space normally expands as

Table 3 Cervical and Truncal Injuries from Restraint Devices

Restraining device Injury

Lap seat belt Tear or avulsion of mesentery

Compression Rupture of small bowel or colon

Thrombosis of iliac artery or abdominal aorta

Hyperflexion Chance fracture of lumbar vertebrae

Shoulder harness

Submarining Intimal tear or thrombosis in innominate, carotid,

subclavian, or vertebral arteries

Fracture or dislocation of C-spine

Compression Intimal tear or thrombosis in subclavian artery

Rib fractures

Pulmonary contusion

Rupture of upper abdominal viscera

Air bag

Contact Corneal abrasions, keratitis

Abrasions of face, neck, chest

Contact/deceleration Cardiac rupture

Flexion (unrestrained) C-spine or thoracic spine fracture

Hyperextension (unrestrained) C-spine fracture

Abbreviation: C-spine, cervical spine.

Source: From Ref. 63.

Table 4 Sensory and Motor Levels

Nerve Sensory dermatome Key myotomes

C5 Area over the deltoid Deltoid

C6 Thumb Wrist extensors (biceps, extensor carpi radialis longus and brevis)

C7 Middle finger Elbow extensors (triceps)

C8 Little finger Finger flexors to the middle finger (flexor digitorum profundus)

T1 Small finger abductors (abductor digiti minimi)

T4 Nipple

T8 Xiphisternum

T10 Umbilicus

T12 Symphysis pubis

L2 Hip flexors (iliopsoas)

L3 Knee extensors (quadriceps, patellar reflexes)

L4 Medial aspect of the calf Knee extensors (quadriceps, patellar reflexes)

L5 Web space between the first

and second toes

Knee flexion (hamstrings); ankle and big toe dorsiflexors

(tibialis anterior and extensor hallucis longus)

S1 Lateral border of the foot Knee flexion (hamstrings)

S3 Ischial tuberosity area

S4 and S5 Perianal region
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one descends along the C-spine. A simple rule is less than
4 mm down to C4 and less than a vertebral body width there-
after, but more important is to look for focal bulges due to
trauma and to have concave anterior soft tissues anterior to
the occipitoatlas and atlantoaxial joints either side of the
anterior arch of atlas (Fig. 34). Beware of overcalling adenoids
in children as soft tissue swelling.

The next area of focus is verification of atlanto-occipital
alignment. This can be very difficult to do on conventional
radiographs. The most reliable method is to use the basion-
axial interval described by Harris (39). This measurement is
obtained by using a perpendicular bisecting line from the
posterior vertebral body of C2 to the basion which should
measure between 4 mm and 12 mm (Fig. 35) (39). This is
occasionally picked up on CT when not seen on radiographs

Table 5 Muscle Strength Grading

Score Results of examination

0 Total paralysis

1 Palpable or visible contraction

2 Full range of motion with gravity eliminated

3 Full range of motion against gravity

4 Full range of motion, but less than normal strength

5 Normal strength

NT Not testable

Source: From Ref. 64.

Table 6 Guidelines for Screening Patients with Suspected Cervical Spine Injury

No. Condition or finding Screening guidelines/ramification

1 The presence of paraplegia or

quadriplegia

Presumptive evidence of spinal instability

2 Patients who are awake, alert,

sober, and neurologically

normal and have no neck

pain or mild tenderness

These patients are extremely unlikely to have an acute C-spine fracture or instability. With the

patient in a supine position, remove the C-collar and palpate the spine. If there is no significant

tenderness, ask the patient to voluntarily move the neck from side to side. Never force the

patient’s neck. When performed voluntarily by the patient, these maneuvers are generally safe.

If there is no pain, have the patient voluntarily flex and extend the neck. Again, if there is no

pain, C-spine films are not necessary.a

3 Patients who are awake and

alert, neurologically

normal, cooperative, and

able to concentrate on their

spine, but do have neck

pain or midline tenderness

The burden of proof is on the doctor to exclude a spinal injury. All such patients should undergo

lateral, AP, and open-mouth odontoid X rays of the C-spine with axial CT images of suspicious

areas or of the lower C-spine if not adequately visualized on the plain films. Assess the C-spine

films for (i) bony deformity, (ii) fracture of the vertebral body or processes, (iii) loss of

alignment of the posterior aspect of the vertebral bodies (anterior extent of the vertebral canal),

(iv) increased distance between the spinous processes level 1, (v) narrowing of the vertebral

canal, and (vi) increased prevertebral, soft-tissue space. If these films are normal, remove the

c-collar. Under the care of a knowledgeable doctor, obtain flexion and extension and lateral

C-spine films with the patient voluntarily flexing and extending the neck. If the films show no

subluxation, the patient’s C-spine can be cleared and the c-collar removed. However, if any of

these films are suspicious or unclear, replace the collar and consult a spine specialist.

4 Patients who have an altered

level of consciousness or

are too young to describe

their symptoms

Lateral, AP, and open-mouth odontoid films with CT supplementation through suspicious areas

(e.g., C1 and C2, and through the lower C-spine if areas are not adequately visualized on the

plain films) should be obtained on all such patients. In children, CT supplementation is

optional. If the entire C-spine can be visualized and is found to be normal, the collar can

be removed after appropriate evaluation by a doctor/consultant skilled in the evaluation/
management of spine-injured patients.

5 When in doubt, leave the

collar on

Clearance of the C-spine is particularly important if the pulmonary or other care of the patient is

compromised by inability to mobilize the patient.

6 Consult Doctors who are skilled in the evaluation and management of spine-injured patients should be

consulted in all cases where a spine injury is detected or suspected.

7 Backboards Patients who have neurological deficits (quadriplegia or paraplegia) should be evaluated quickly

and taken off the backboard as soon as possible. A paralyzed patient who is allowed to lie on a

hard board for more than two hours is at serious risk for developing pressure sores.

8 Emergency situations Trauma patients who require emergent surgery before a complete work-up of the spine can be

accomplished should be transported and moved carefully with the assumption that an unstable

spine injury is present. The c-collar should be left on and the patient logrolled when moved to

and from the operating table. The patient should not be left on a rigid backboard during sur-

gery. The surgical team should take particular care to protect the neck as much as possible

during the operation. The anesthesiologist should be informed of the status of the work-up.

aEditor’s Note: This recommendation is in line with both the National Emergency X-Radiography Utilization Study and Canadian C-spine Rule—in the latter,

the patient is asked to rotate 458 from side to side; if able to do that even with pain, no radiographs are required—per their rule.

Abbreviations: AP, anterior–posterior; CT, computed tomography.

Source: From Ref. 63.
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as misaligned atlanto-occipital lateral masses (Fig. 11). The
traumatologist should then visually scan each vertebra
from anterior to posterior and look for any abnormalities.
Other information on film includes sphenoid sinus fluid
level, basilar skull and facial fractures, etc.

Specific fractures to seek include a “Hangman’s frac-
ture” (Figs. 22 and 24) (23–25), and the flexion teardrop frac-
ture (19). A hangman’s fracture is defined as a bilateral
fracture of the pars interarticularis (the relatively thin part
of the lateral portion of the bony ring between the superior
and inferior articular processes of C2), or less often the
pedicle, or a combination of both. This may be recognized
by discontinuity of the anterior or posterior vertebral body-
lines, or by tilting, or displacement of the dens of C2 on its
body.

Effendi has classified hangman’s into three sub-types:
type I: bilateral pars fractures, normal C2/C3 disc space and
minimal/no displacement of C2 body; type II: displacement
of anterior fragment, abnormal C2/C3 disc; type III: anterior

Figure 32 Cross-table lateral view of the cervical spine in a

15-year-old female.

Figure 33 Cross-table lateral view of the cervical spine in a 15-

year-old female. From anterior to posterior the three lines drawn

are the anterior vertebral bodyline, posterior vertebral bodyline,

and the spinolaminar line.

Figure 34 Prevertebral space differences at upper and lower

cervical spine. Less than 4 mm down to C4 and less than a ver-

tebral body width thereafter. No focal bulges. Concave anterior

soft tissues anterior to the occipitoatlas and atlantoaxial joints.

Figure 35 Lateral view of upper cervical spine showing method

of calculating the basion dens interval.
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displacement of the anterior fragment, body of C2 in flexed
position, bilateral facet dislocation (25).

Another classic fracture pattern that shows up well on
the lateral view is the flexion teardrop fracture (19). This has
a large anteroinferior triangular fracture fragment, usually
with associated flexion and anterior spondylolisthesis on
the level below (Fig. 15). This injury has a very high rate
of SCI.

Open-Mouth Odontoid View
The open-mouth odontoid view will reveal approximately

5% to 15% of injuries (8). Odontoid fractures are particularly

common in the elderly (40). However, they can occur in
all ages, and require careful scrutiny. This view is difficult
to obtain and interpret in intubated patients.

The first consideration is to determine if the radio-
graph is adequate (Fig. 36). The lateral masses of C1 must
be seen and line-up with the lateral masses of C2, and the
dens must be fully visible. Next, evaluate for symmetry in
the space between the dens and each lateral mass of C1.

Specific fractures to seek include: (i) Dens (odontoid)
fractures, again particularly prevalent in the elderly
(Fig. 14), seen as a line across the waist of the dens (type 2)
or extending down into the body of C2 (type 3); (ii) Jefferson
(C1 burst) fracture (Fig. 27), recognized by the C1 lateral
masses being laterally displaced in relation to the C2
lateral masses (26).

Anterior^Posterior View
The AP view provides the least amount of information,

but is important for determination of alignment of the
spinous processes, and the diagnosis of vertebral body

fractures (Fig. 30), and transverse process fractures
(Fig. 37) (8). Alignment is meticulously judged by visua-
lizing the spine and looking for any abrupt breaks in the
contours. The pedicles and the spinous processes should
form a straight line as one scans from top to bottom. The
tracheal and laryngeal air shadows should be midline.

Additional Views Relegated to Stable Patient Situations
Swimmer’s View
The swimmer’s view radiograph is obtained with one arm
of the patient extended above the head and the other at the

side (Fig. 38) (41). It can better visualize the lower cervical
vertebra in patients whose shoulders block the view. This
approach is only utilized in fully cooperative patients, who
are otherwise stable, and have the time required to radiogra-
phically “clear” the C-spine. If continued problems exist, CT
scanning may be indicated.

Oblique Views
Trauma oblique views allow better visualization of posterior
elements of the C-spine, but are not routinely used in acute
trauma patients (42). They are not the same as routine
oblique views, since the patient must not be turned.
Instead, the beam is angled 458 and the film is flat beneath
the patient. This gives an elongated appearance, since the
X ray beam is also at 458 to the film. Oblique views are par-
ticularly useful for evaluating the lower posterior elements
(Fig. 39). If continued problems exist, CT scanning may be
indicated.

The oblique views are read with a similar approach as
with CTL, but the practitioner should also specifically view
the vertebral foramen, and evaluate the alignment of the
lamina (these should appear like “shingles on a roof”).

Specific injuries that are well visualized with oblique
views and that should be specifically sought include: (i)
Pedicle fractures; (ii) Laminar fractures; (iii) Unilateral and
bilateral (Fig. 39) facet dislocation; and (iv) Subluxation.
The Fuchs view is useful in obtaining an image of the odon-
toid when it is not possible to image using the standard
open-mouth approach (43). The beam is angled upwards
under the mandible to project the odontoid within the
foramen magnum (Fig. 40).

Flexion-Extension Lateral Views
Flex-ex lateral views are utilized to evaluate ligamentous

instability (Fig. 13). In some institutions, passive fluoro-
scopic flex-ex views have been used on patients with
traumatic brain injury (TBI) or are otherwise comatose to
radiographically clear the patient of ligamentous disruption.
However, currently most believe that flex-ex views should

Figure 36 Open-mouth odontoid view. Note the lateral align-

ment of the lateral masses. Compare this normal view with

Figure 27 [showing a C1 burst (Jefferson) fracture].

Figure 37 Anterior–posterior radiograph of cervical spine

showing a right facet/transverse process fracture of C7 (arrow).
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only be performed in an awake, alert, neurologically intact
patient in the presence of a qualified physician (44). MRI is
the safest, and best method for evaluating ligamentous
integrity in comatose patients.

Advanced Imaging Modalities
Computed Tomography

Helical CT scanning is considered the “Gold Standard”
for detecting and characterizing C-spine fractures, and
MRI is the best imaging modality for ligamentous evaluation
(46). As with all radiographic imaging protocols, there is
some institutional bias related to equipment use and staff
training. However, the authors believe that CT scanning
best defines anatomy for fractures, and that patients who
are admitted with polytrauma (particularly TBI, or any
injury severe enough to mask the pain of C-spine trauma
i.e., “distracting injuries”) should undergo a CT scan of the
C-spine as part of the initial evaluation, along with CT
scan of the brain and chest/abdomen (Figs. 29, 31, and
41–43).

Elsewhere, indications generally include: (i) Inability
to obtain adequate plain films; and (ii) staging of fracture
or abnormality seen on plain films. This is particularly
important because approximately 15% of patients with cervi-
cal fracture will have a second fracture at another level on

Figure 38 Swimmer’s view is obtained with one arm raised to

even out the density difference between the neck and chest and

allow visualization of the cervicothoracic junction.

Figure 40 The Fuchs view of the odontoid. An oblique view

of the odontoid is projected within the foramen magnum.

Figure 41 Axial computed tomography of C6–C7 in a 43-year-

old male. There are bilateral C6–C7 facet dislocations. Because of

this, there is marked anterolisthesis of C6 on C7, giving a double

vertebra appearance.

Figure 39 Trauma oblique views [right (A) and left (B) posterior

oblique], which show bilateral C6–C7 facet dislocation (arrows).
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conventional radiographs and this likelihood increases to
40% to 50% using CT; (iii) Evaluation of severe bony tender-
ness without abnormality seen on plain films; (iv) Neuro-
logic deficit with or without fracture or jumped facets seen
on plain films. In some institutions, CT scanning would be
considered in the “essential views” category.

Magnetic Resonance Imaging
MRI is the current “Gold Standard” for evaluating the

integrity of the spinal cord and ligaments (46).
However, MRI is not as sensitive as CT for detecting frac-
tures (Figs. 44 and 45). A complementary system, as pro-
posed by Stassen et al. (46) (Fig. 46) utilizes initial CT
scanning followed by MRI on day 3 in obtunded patients.
MRI is also useful in any injury where cord or soft tissue
damage requires improved characterization.

AIRWAYMANAGEMENT

It is rarely possible to radiographically “clear the neck”

prior to the need for airway intervention in the majority of

trauma patients with multiple injuries. This is because
the C-spine can rarely be cleared quickly in patients at the
highest risk (poly trauma, altered mental status). However,
the ATLS manual itself clearly indicates that all known infor-
mation regarding the spine must be clearly and proactively
communicated to the anesthesiologist at the earliest possible
moment, and certainly (if possible) in advance of invasive
airway management.

Figure 42 Sagittal reformation computed tomography of cervi-

cal spine. There is an oblique, type 3, odontoid fracture (arrow).

Figure 43 Surface-rendered, 3D reformations from axial com-

puted tomography of cervical spine, viewed from below (A),

sagittal with left side cut away (B), and anterior (C). These show

the C5–C6 fracture dislocation. These add little to diagnosis, but

are useful in providing an overall view of a displaced injury.

Figure 44 Sagittal T2 weighted magnetic resonance imaging

(MRI) of cervical spine. There is a C7–T1 fracture dislocation.

The fluid-sensitive MRI shows edema within the cord.

Figure 45 Comparison of computed tomography (CT) and

magnetic resonance imaging (MRI) of cervical spine. The axial

CT (A) shows a right body/lateral mass fracture (arrow), not

well seen on the sagittal reformation (B). The three sagittal MRI

sequences are: T1 (C), good for showing anatomy; T2 (D), good

for showing the bright signal of pathology (C2 edema, prevertebral

edema/blood and C1–C2 interspinous ligament edema); and the

short tau inversion recovery (E) which is very sensitive to fluid-

producing pathology (arrow).
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Simply developing a “default protocol” which is
applied in every case, whether data regarding the C-spine
are available or not, by the anesthesia department only
serves to enable and amplify less-than-optimal practices
(such as excessive use of C-spine collars), which are of
minimal benefit to the patient or the institution. Specifically,
protocols that call for prolonged (.72 hours) use of cervical
collars in obtunded patients whose C-spines are not cleared,
unnecessarily increases the risk of decubitus ulcers, and dif-
ficult intubations. Accordingly, increased emphasis should
be placed on early clearance of all trauma patients, including
those who are obtunded through the model proposed by
Stassen et al. (Fig. 46).

Airway Management Strategies for patients with
C-spine injuries are very important and more fully devel-
oped in Volume 1, Chapter 9 (47–50). This section provides
only a brief overview of key concepts (Table 7). If the patient
has a known C-spine injury and is awake, cooperative, stable
(hemodynamically and with regards to other systems), and
ventilating spontaneously, an awake fiberoptic broncho-
scopic (FOB) intubation is indicated (after proper prep-
aration and topicalization) in settings where the equipment
is available. If any of these conditions are missing (e.g.,
urgent need for airway control, or unstable patient or situ-
ation), then the airway should be intubated using direct lar-
yngoscopy and inline immobilization after induction of
anesthesia and the placement of cricoid pressure (rapid
sequence intubation). Studies have demonstrated that
various techniques of intubation are equivalent as long as
neck movement is eliminated. Further details and complete
instructions on how to accomplish each element are
described in Volume 1, Chapter 9).

GENERAL APPROACH AND MANAGEMENTALGORITHMS
Awake Patient
Two extensive prospective studies have been undertaken to
clarify which patients should undergo imaging examination
of the C-spine after trauma and which can be clinically
cleared without radiographic evaluation. The National
Emergency X-Radiography Utilization Study (NEXUS) was
a prospective observational study carried out in 21 U.S.
medical centers (51,52). The Canadian C-spine Rule (CCR)
for radiography in alert and stable trauma cases study was
developed retrospectively and then prospectively evaluated

Obtunded
Trauma
Patient

Day 0*
Helical CT of

C-spine

Day 3*
MRI of
C-spine

C-spine Cleared
Remove
C-Collar

Negative Positive

Negative Positive

Keep C-Collar
Consult Spine

* If clinical
status allows.

Keep C-Collar
Consult Spine

Figure 46 Cervical spine (C-spine) clearance algorithm for

obtunded trauma patients. The algorithm utilizes a combination of

C-spine CT and C-spine magnetic resonance imaging (MRI) for

the evaluation of the bony and ligamentous structures of the C-

spine. Obtunded trauma patients undergo a helical CT of the C-

spine early in their hospital course, often on the day of admission.

MRI of the C-spine is performed if the patient remains obtunded on

hospital day 3. If both studies are negative, the C-spine is con-

sidered cleared and the trauma surgeon removes the c-collar.

Source: From Ref. 46.

Table 7 Summary of Cervical Spine Intubation Principles for the Trauma Patient

Principle Comments/examples

Three acceptable tech-

niques: orotracheal,

nasotracheal, surgical

No difference in neurological outcome as long as there is no neck movement

Orotracheal used in unstable/uncooperative patient

Nasotracheal best facilitated with FOB and adequate topicalization; recommended in

awake/cooperative and stable patient

Surgical technique suggested in those with severe midface trauma and with copious bleeding

where oral or nasotracheal intubation is hazardous and/or not possible

Maintain spontaneous

ventilation

Increases options in awake, cooperative, and stable patients

Unless TBI, rapid ETT placement for ICP management may be required

If C-spine is known to be

injured, an awake

FOB-assisted intubation

is the best first choice

Providing patient is awake, cooperative, and spontaneously breathing

Abbreviations: C-spine, cervical spine; ETT, endotracheal tube; FOB, fiberoptic bronchoscope; ICP, intracranial pressure; TBI, traumatic brain injury.
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(53,54). Both studies were based on plain film radiography
supplemented by further imaging techniques as clinically
appropriate.

The National Emergency X-Radiography
Utilization Study

The NEXUS study included over 34,000 patients (53,54),
and suggests that a low risk of C-spine injury can be
assumed, and imaging is unnecessary in awake, alert, and

sober patients without posterior midline neck pain, neuro-
logic deficit, or distracting pain. When all criteria listed
in Table 8 were applied retrospectively to patients of all
ages, only eight of 818 CSI (,1%) would have been
missed, two of which (,0.25%) were clinically significant.
Application of the above criteria would have resulted in
not performing imaging examinations in 12.6% of all
patients.

An analysis of a subset of patients younger than 18
years old found that the above criteria were safe in the

pediatric age group, with a sensitivity of 100%, but a low
specificity of 19.7% (55).

The Canadian Cervical Spine Rule Study
The CCR study evaluated alert, clinically stable trauma
patients older than 16 years of age, resulting in a different
set of criteria for determining those who require radio-
graphic imaging of the C-spine (53,54). The CCR rules
were initially derived from a prospective cohort study of a
convenience sample of 8,924 patients. The resultant model
(Table 9) comprises three core questions, which are: (i) Is
any high risk factor present that mandates radiography?
(ii) Are there sufficient low risk factors that allow for safe
assessment by using active range of motion? (iii) Can the
patient actively rotate the neck? Specific details and an algor-
ithm for application of the CCR are presented in Figure 47.

Using the CCR, active rotation of the head and neck is
deemed safe if none of the high-risk criteria, and at least
one of the low-risk criteria are fulfilled. If the individual
meeting safe criteria for neck rotation manages to rotate the

Table 8 Criteria Used in the National Emergency X-Radiography Utilization Study (NEXUS) in Order to Classify Patients as

Having a Low Probability of Cervical Spine injury

C-spine radiography is indicated for patients with trauma unless they meet all of the following criteria:

No posterior midline C-spine tenderness,a

No evidence of intoxication,b

A normal level of alertness,c

No focal neurologic deficit,d and

No painful, distracting injuries.e

aMidline posterior bony cervical-spine tenderness is present if the patient reports pain on palpation of the posterior midline neck from the nuchal ridge

to the prominence of the first thoracic vertebra, or if the patient evinces pain with direct palpation of any cervical spinous process.
bPatients should be considered intoxicated if they have either of the following: a recent history provided by the patient or an observer of intoxication or intox-

icating ingestion, or evidence of intoxication on physical examination such as an odor of alcohol, slurred speech, ataxia, dysmetria, or other cerebellar findings,

or any behavior consistent with intoxication. Patients may also be considered to be intoxicated if tests of bodily secretions are positive for alcohol or drugs that

affect the level of alertness.
cAn altered level of alertness can include any of the following: a Glasgow Coma Scale score of 14 or less; disorientation to person, place, time, or events; an

inability to remember three objects at five minutes; a delayed or inappropriate response to external stimuli; or other findings.
dA focal neurological deficit is any focal neurological finding on motor or sensory examination.
eNo precise definition of a painful, distracting injury is possible. This category includes any condition thought by the clinician to be producing pain sufficient to

distract the patient from a second (neck) injury. Such injuries may include but are not limited to any long-bone fracture; a visceral injury requiring surgical

consultation; a large laceration, degloving injury, or crush injury; large burns; or any other injury causing acute functional impairment. Physicians may also

classify any injury as distracting if it is thought to have the potential to impair the patient’s ability to appreciate other injuries.

Abbreviation: C-spine, cervical spine.

Source: From Ref. 6.

Table 9 Canadian Cervical Spine Rule: High and Low Risk Criteria

High risk criteria Low risk criteria

Requiring imaging Presence of any of these in the absence of a high risk factor allows

assessment of active range of motion

Age �65 years Sitting position in emergency department

Dangerous mechanism of injury:

Fall from 1 m (five stairs)

Axial load to the head (e.g., diving)

MVC at dangerous speed (.100 km/hr),

rollover, ejection

Motorized recreational vehicles

Bicycle collision

Simple rear-end MVC (this excludes: being pushed into

oncoming traffic, being hit by a bus/large truck, rollover, hit by a

high speed vehicle)

Ambulatory at any time

Delayed onset of neck pain (i.e., not immediate onset of neck pain)

Absence of midline C-spine tenderness

Paraesthesia in extremities

Abbreviations: C-spine, cervical spine; MVC, motor vehicle collision.

Source: From Refs. 37, 63.
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head sequentially to the right and left by at least 458 (regard-
less of any pain experienced), no imaging of the C-spine is
necessary per CCR criteria. Applied to the study
group, this rule achieved 100% sensitivity and 42.5%
specificity. The authors of the CCR study point out the
relatively low specificity of NEXUS (12.6%), and claim that
the NEXUS criteria applied to the Canadian study popu-
lation would have resulted in a reduced sensitivity of 93%,
missing 10 out of 148 clinically important C-spine injuries.

National Emergency X-Radiography Utilization Study
and Canadian Cervical Spine Rule
In both studies, evaluation and documentation of patients was
prospective; development of the rules was, however, retro-
spective. A recent prospective study applying the CCR to
clinical practice confirmed the excellent initial results (54). At
the same time the NEXUS criteria were prospectively evalu-
ated, the CCR had sensitivity for clinically relevant injuries
of 99.4% versus 90.7% for NEXUS criteria, and specificity of
45.1% versus 36.8%, respectively. The CCR resulted in
radiography rates of 55.9% versus 66.6% for NEXUS. In 8283
cases, the CCR missed only one clinically relevant CSI
(a type II odontoid fracture, treated with a hard collar).

Recently the British Trauma Society published their
guidelines for the initial management and assessment of
spinal injury (56). These recommendations constitute a
blending of the NEXUS criteria and CCR. They are likely to
be safe but the specificity is also likely to be reduced, which
results in an increased number of negative examinations.

In brief, any person who cannot be clinically
cleared should undergo imaging of the C-spine. The
imaging technique depends on the clinical circumstances.
For alert patients with trauma who are in stable condition,
the CCR is superior to the NEXUS with respect to sensitivity
and specificity for C-spine injury, and its use results in
reduced rates of radiography (54).

Obtunded Patient
Clearance of the C-spine in obtunded patients is proble-

matic, since they are unable to reliably communicate if
they have pain or any neurological symptoms at baseline
or during neck manipulation. Prolonged use of a hard
cervical collar can lead to pressure ulcers and difficulties
in weaning patients from the ventilator. Accordingly, more
aggressive emphasis on early clearance of the C-spine in
obtunded patients has been employed recently (46).

Dynamic flex-ex fluoroscopy, MRI, and CT scanning
have been used to supplement standard radiography to
diagnose occult, ligamentous, or osseous injuries in uncon-
scious patients in the past (57). Dynamic flex-ex fluoroscopy
has been evaluated in several studies. The most recent (2000)
update, the spine evaluation guidelines of the Eastern
Association for the Surgery of Trauma (EAST) group, orig-
inally developed in 1997, still favors this method to help
in the diagnosis of occult C-spine injuries in the obtunded
patient (57). Whereas, more recent studies document
that CT, or combined CT/MRI represent a safer and more
expeditious approach (58–62).

Figure 47 The Canadian Cervical Spine (C-spine) Rule. For patients with trauma who are alert (as indicated by a score of 15 on the

Glasgow Coma Scale) and in stable condition and in whom C-spine injury is a concern, the determination of risk factors guides the use of C-

spine radiography. A dangerous mechanism is considered to be a fall from an elevation �3 ft or five stairs; an axial load to the head (e.g.,

diving); a motor vehicle collision (MVC) at high speed (.100 km/hr) or with rollover or ejection; a collision involving a motorized rec-

reational vehicle; or a bicycle collision. A simple rear-end MVC excludes being pushed into oncoming traffic, being hit by a bus or a large

truck, a rollover, and being hit by a high-speed vehicle. Source: From Ref. 54.
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Dynamic fluoroscopy in the SICU setting is not only a
significant undertaking, but many physicians are now
unwilling to perform such a procedure. It generally requires
three individuals (an attending radiologist, a radiology tech-
nician with portable C-arm machine, and a spine surgeon or
traumatologist to flex and extend the head during fluoro-
scopy. All of these individuals should be protected in lead
aprons and, ideally, should be able to cooperate well
together. The entire enterprise is rarely accomplished in
under 30 minutes to achieve acceptable results.

It is common to be unable to visualize the lower cervi-
cal segments without specific manipulations. Bolinger et al.
reported that only 4% of bedside fluoroscopic cervical
flexion and extension studies in 56 chemically paralyzed
and sedated patients in a neurosurgical intensive care unit
were technically adequate (58). These results are similar to
those obtained by Freedman et al. (59) who concluded that
passive flexion and extension images lacked sufficient sensi-
tivity to detect occult injuries. Furthermore, this test is inher-
ently dangerous, as it is virtually impossible to focus on all of
the vertebral levels simultaneously. There is one report of
quadriplegia after dynamic fluoroscopy in a study of 301
patients, for an incidence of 0.3% (60).

Multidetector helical CT scanning of the C-spine
allows rapid and safe evaluation of the C-spine in the uncon-
scious, intubated, trauma patient (61). In a prospective
evaluation of cervical CT scanning by Widder et al. (62) for
spinal clearance in obtunded trauma patients, combining
CT scanning with plain films was found to increase the
number of injuries noted radiographically. The combination
of CT and MRI is probably the best current technique, as
described by Stassen et al. (46).

EYE TO THE FUTURE

The radiographic and clinical clearance of patients with
potential C-spine injuries continues to be a fundamental
management consideration, and a significant challenge in
trauma patients. Progress has been made in identifying
guidelines that may be used to minimize radiographic
imaging in the awake and alert trauma patient. These guide-
lines should be widely disseminated to all practitioners. The
application and results of the guidelines should be docu-
mented in trauma registries. These data should then be aggre-
gated in large data sets and queried for their effectiveness.

The advent of new multidetector/volumetric CT scan-
ners will permit doctors to view thinner slices of the C-spine
much faster. The information provided by the scanners will
enhance three-dimensional reconstruction of the C-spine.
The application of this technology will likely replace
the use of plain films in centers possessing this technology.

The use of high-resolution, multidetector, CT scans
will also likely become the standard to identify occult
injuries in the obtunded trauma patient. In addition, the
EAST guidelines and other widely disseminated trauma
recommendations will need to update their protocols to
reflect these realities.

SUMMARY

C-spine injuries only occur in about 2% to 3% of all blunt
trauma patients, but their incidence is higher in obtunded
patients (where it can approach 35%). When they do occur,

they can result in devastating consequences to the victim.
A solid understanding of the mechanism and types of inju-
ries sustained is essential for practitioners managing
trauma patients who have potentially sustained these inju-
ries. Recent improvements in radiographic imaging tech-
niques have led to a plethora of options to evaluate
patients with possible C-spine injury.

Guidelines for the clinical clearance of awake and alert
patients have been developed and are still undergoing vali-
dation in larger prospective trials. These guidelines have
been developed in an attempt to reduce unnecessary radio-
graphic studies in patients at low risk for a C-spine injury.

The clearance of the C-spine in the obtunded trauma
patient continues to be controversial. Flexion and extension
films in these patients are potentially dangerous and techni-
cally inadequate in a large percentage of patients. Further
studies need to be carried out, with newer multidetector
scanners, in this subset of patients to quantify their efficacy.

KEY POINTS

The overall incidence of unstable C-spine injury in
blunt trauma patients is approximately 2.4% (1) and
rises to between 4.6% (2) and 34.4% (3) in unconscious
patients.
Although 1% to 3% of all severely injured patients
will have C-spine fractures, the incidence is increased
when restraints are not used, following ejection from
the passenger compartment, in auto-pedestrian acci-
dents, and following head-first falls or diving accidents.
Injuries in the C5–C7 region are common following
blunt trauma (6), emphasizing the importance of visua-
lizing all the cervical vertebra, along with the top of T1,
on C-spine radiographs (Fig. 2).
The bony elements of the C-spine protect the spinal
cord, but can also injure it when bones are compressed
or following a burst fracture with retropulsion.
Once fractures are detected by plain films, the patient
should undergo a formal CT scan of the area for staging.
Occasionally MRI is required, as described below.
Although some fracture patterns are inherently
unstable (e.g., type 2 odontoid fracture), other fracture
patterns usually deemed stable, will actually be
unstable if there is accompanying ligamentous injury.
SCIWORA is a condition principally affecting young
children (accounting for two-thirds of severe SCIs in
those less than eight years of age) (13,16).
Flexion teardrop fractures are one of the most severe
and unstable injuries to the cervical spine (19,20).
The “hangman fracture” consists of bilateral pedicle or
pars fractures and associated anterior subluxation or
dislocation of the C2 vertebral body (23,24).
A “Jefferson fracture” consists of multi-part breakage of
the C1 ring as a result of axial loading to the head (26).
The traumatologist must initially rely upon a funda-
mental and conceptual knowledge of mechanisms and
patterns of injury (Volume 1, Chapter 2) to guide early
management.
The rapid and accurate determination of neurologic exam
has both treatment and prognostic importance and should
be carefully performed and meticulously documented.
If the traumatologist is only able to obtain one view of
the C-spine, it should be the cross table lateral (CTL),
as this study demonstrates most injuries (8).

Chapter 15: Cervical Spine: Initial Evaluation and Management 289



The open mouth odontoid view will reveal approxi-
mately 5% to 15% of injuries (8).
Odontoid fractures are particularly common in the
elderly.
The AP view provides the least amount of information,
but is important for determination of alignment of the
spinous processes, and the diagnosis of vertebral
body fractures (Fig. 30), and transverse process frac-
tures (Fig. 37) (8).
Flex-ex lateral views are utilized to evaluate ligamen-
tous instability (Fig. 13).
Helical CT scanning is considered the “Gold Standard”
for detecting and characterizing C-spine fractures, and
MRI is the best imaging modality for ligamentous
evaluation (46).
MRI is the current “Gold Standard” for evaluating the
integrity of the spinal cord and ligaments (46).
It is rarely possible to radiographically “clear the neck”
prior to the need for airway intervention in the majority
of trauma patients with multiple injuries.
The NEXUS study included over 34,000 patients (53,54),
and suggests that a low risk of C-spine injury can be
assumed, and imaging is unnecessary in awake, alert,
and sober patients without posterior midline neck
pain, neurologic deficit, or distracting pain.
If the individual meeting safe criteria for neck rotation
manages to rotate the head sequentially to the right
and left by at least 458 (regardless of any pain experi-
enced), no imaging of the C-spine is necessary per CCR
criteria.
In brief, any person who cannot be clinically cleared
should undergo imaging of the C-spine.
Clearance of the C-spine in obtunded patients is proble-
matic, since they are unable to reliably communicate if
they have pain or any neurological symptoms at base-
line or during neck manipulation
The use of high-resolution, multidetector CT scans will
likely become the standard to identify occult injuries in
the obtunded trauma patient.
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INTRODUCTION

Diagnostic imaging is essential to the management of the
trauma patient. Radiography, computed tomography (CT),
angiography, ultrasonography (US), and magnetic reson-
ance imaging (MRI) are routinely used for directing manage-
ment in the acute trauma setting and for follow-up care.
Maintaining hemodynamic stability, ensuring pain relief,
and preventing movement of severely injured patients
during imaging studies can be challenging. To provide com-
plete care, the trauma physician must understand the basic
concepts of the many imaging modalities used. The advan-
tages, disadvantages, and limitations of each imaging
modality must be known in order to maximize diagnostic
information and ensure patient and health personnel safety.

This chapter reviews the diagnostic imaging modalities
relevant to management of the trauma patient. The basic
concepts of radiation exposure and contrast toxicity are
presented. The initial screening imaging studies recom-
mended by the Advanced Trauma Life Supportw (ATLSw)
guidelines are presented including plain films, abbreviated
contrast studies, and ultrasonography. In addition, the
specific imaging modalities that are recommended for each
specific pathological condition commonly seen in trauma
are discussed. Finally a number of developments anticipated
in imaging modalities are presented.

BASIC CONCEPTS OF DIAGNOSTIC IMAGING
Radiation Exposure
Patient Exposure
Diagnostic and therapeutic imaging procedures required
for trauma care can necessitate repeated or prolonged
radiation exposure. Medical radiation exposure is governed
by the “ALARA principal,” which was defined by the Inter-
national Commission of Radiological Protection (1). This
principle states that radiation exposure must be kept “as
low as reasonably achievable” while providing the patient
with the necessary diagnostic procedures of the highest
diagnostic accuracy (1). The physician caring for trauma
patients must be cognizant of the potential hazards of
medical radiation and request only the imaging studies
that are necessary, ensuring that the potential risks are

appropriately outweighed by the benefits of doing the
examination.

Recent advances in the quality of multidetector helical
CT have resulted in a dramatic increase in utilization, with
significant increase in medical radiation exposure. In some
imaging departments, CT currently accounts for approxi-
mately 70% of radiation dose delivered to patients, and is
expected to account for as much as 60% of man-made radi-
ation exposure to Americans. This is especially concerning
in children, for whom estimates indicate a significant risk
of cancer deaths as a result of current CT practices (see
Volume 1, Chapter 36). Appropriately, this has raised con-
siderable concern and is being addressed by the radiology
community, equipment manufactures, and governing
agencies. Measures to reduce medical radiation will
include physician and patient education, technical adjust-
ments in equipment by manufacturers, and standardization
of protocols (2–4).

Exposure of Health Care Personnel
A primary concern of trauma team members is radiation
exposure during imaging examinations. Interventional
procedures account for most of the radiation exposure to
health care personnel, with the primary source being
scatter radiation that emanates from the patient during
fluoroscopy. Radiation safety is based on controlling three
key factors, exposure time, distance, and shielding. Interven-
tional radiologists are responsible for keeping radiation
exposure as low as possible by limiting the beam “on-
time,” collimating the beam and assuring optimal protection
with lead aprons and thyroid shields. Only key personnel
should be present in the fluoroscopy suite. Supplemental
protective devices, including leaded acrylic shields, should
be employed when practical. Compliance with institutional
occupational dosimetry monitoring programs is essential (5).

Individuals should maintain a distance of .2
meters from a portable radiograph machine during
exposure, and lead aprons should be worn by those stand-
ing any closer. A basic principal known as the inverse
square law states that radiation intensity decreases pro-
portionately as the square of the distance from the source
(1/D2). This principal applies to personnel caring for
patients that receive portable radiographs in the trauma
resuscitation suite (TRS), operating room (OR), and surgical
intensive care unit (SICU).
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Contrast Toxicity
Iodinated, radio opaque contrast materials were introduced in
1929, and are derivatives of triiodobenzoic acid (6). Standard
iodinated agents include sodium meglumine, or iothalamate
salts of diatrizoate. Nonionic contrast agents that more
closely approach the osmolality of blood were introduced in
the 1980s and are associated with significantly fewer side
effects (7). Neural, renal, and cardiac toxicity has been
reduced six-fold with the use of nonionic contrast media (8).

All patients at high risk for contrast-induced
nephropathy should be well hydrated prior to receiving intra-
venous (IV) contrast and should receive N-acetylcysteine
(mucormistTM) for 12 to 24 hours pre- and post-contrast. In

addition, concomitant sodium bicarbonate loading should
be considered. Although nonionic compounds have
lower osmolality than ionic agents, they still possess
approximately twice the osmolality of blood, and should
be used cautiously in patients with significant cardiac and
renal pathology (9). Patients with pre-existing renal insuffi-
ciency, intravascular depletion, diabetes, and those receiving
other nephrotoxic drugs are at greatest risk for contrast
induced nephropathy (also see Volume 2, Chapters 40–42).
Fluid hydration augmented with the administration of
N-acetylcysteine (10), or with sodium bicarbonate (11), for
12 hours before contrast administration and for at least 12
hours following, results in better renal preservation than
fluid loading with crystalloid infusion alone (10,11).
Additional information on renal protective therapies is
provided in Volume 2, Chapter 40.

Contrast reactions are classified according to severity
as mild, moderate, or severe. While the vast majority are
mild or moderate, they can be life-threatening. Risk factors
include a history of previous contrast reaction, asthma,
allergy to food or medications, and underlying cardiac
disease, especially arrhythmias and angina. Nonionic com-
pounds, while more expensive, have dramatically lower
incidence of severe reactions. For this reason, most radiology
departments routinely use nonionic agents.

Mild reactions are relatively common and include
nausea and vomiting, mild urticaria, a feeling of warmth,
diffuse erythema, mild transient hypotension, a metallic
taste, and pain on injection. These reactions do not require
treatment, other than observation and reassurance. All
patients with mild contrast reactions should be carefully
monitored for at least 20–30 minutes to ensure that a more
severe reaction does not develop (12).

Moderate contrast reactions are not immediately life
threatening but require prompt treatment. They are more
common in middle-aged adults and young adolescent patients
and are relatively rare in the pediatric and geriatric age
groups. Manifestations include symptomatic urticaria,
vasovagal reactions, and phlebitis at the injection site, bronch-
ospasm, tachycardia, and laryngeal edema. Treatment of
contrast reactions is largely symptomatic and may include
diphenhydramine for hives, leg elevation for hypotension,
use of a beta-agonist inhaler for bronchospasm, or epinephrine
for laryngeal edema or hypotension (Tables 1 and 2). Moderate
contrast reactions may progress to severe, life-threatening
events; in these cases epinephrine in escalating doses is
almost always required. Patients with these reactions require
close monitoring until symptoms are completely resolved (12).

Severe contrast reactions are adverse events that
are potentially or immediately life threatening. Although
rare, prompt recognition and treatment is critical. Severe
adverse effects include vasovagal reaction, moderate to

severe bronchospasm, generalized urticaria, moderate to severe
laryngeal edema, loss of consciousness, seizures, pulmonary
edema, and cardiac arrest, which can occur very rapidly.

The causes of severe reactions are incompletely under-
stood. They are not generally considered to be actual allergic
reactions, because most are not mediated by immunoglobulin
complexes. Signs and symptoms can resemble anaphylaxis
and so these reactions are designated as anaphylactoid.
Treatment is identical to that for other anaphylactic reactions
(Volume 1, Chapter 33) and includes prompt administration
of O2, intravascular fluid and epinephrine in escalating
doses determined by the degree of anaphlactoid/anaphylactic
shock (12).

INITIAL SCREENING OF THE TRAUMA PATIENT

Technological advances in diagnostic imaging and interven-
tional radiology have revolutionized trauma management
(13). The choice of imaging procedures utilized in the acute
trauma patient is influenced by mechanisms of injury/
injury pattern, patient stability, and availability of imaging
modalities.

Screening radiographs are obtained in the TRS during
the initial evaluation of the acute trauma victim while resus-
citative maneuvers are ongoing (13). Depending upon staff-
ing, equipment, and skill level, other studies such as bedside
US or contrast studies are also performed as appropriate. In
cases of early surgical intervention, certain screening imaging
studies will need to be deferred, and these will need to be
completed postop. Whereas, stable patients will frequently
be transported out of the TRS for additional imaging studies.
The presence of an anesthesia team to monitor vital signs,
provide ongoing care, and treat sudden deterioration during
transport and study performance is optimal.

Screening Studies in the Trauma Resuscitation Suite
Radiographs

Per ATLS protocol, three screening radiographs are rec-
ommended during the initial evaluation of the trauma victim
in the emergency department: an anteroposterior (AP) view
of the chest, an AP view of the pelvis, and a cross-table

lateral view of the cervical spine (C-spine). The goal of
this screening is to rapidly assess the need for emergent
therapeutic intervention.

Screening radiographs should be obtained and exam-
ined in the order of clinical priority, with initial attention
being given to immediate life-threatening conditions. Chest
radiography should be the first imaging study performed
in patients with significant trauma to the torso (13).

The AP radiograph of the pelvis demonstrates pelvic
fractures (Volume 1, Chapter 28), which are associated with
life-threatening hemorrhage and must be identified early.
Free intraperitoneal gas, vertebral fractures, and foreign
bodies from a penetrating injury can also be identified.

The lateral radiograph of the C-spine is used only as a
screening study to evaluate for gross cervical instability, para-
vertebral hemorrhage, airway abnormalities, and foreign
bodies. It is important to emphasize that the lateral view
alone is inadequate for “clearing” the C-spine (Volume 1,
Chapter 15). Multiple radiographic views are required

for complete evaluation of the C-spine, and CT scanning
is increasingly utilized for this task. Regardless of the
findings on the lateral view, cervical instability should be
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presumed by traumatologists evaluating or manipulating
the head and neck until ruled out by clinical examination
and/or appropriate imaging studies. As discussed later,
and in Volume 1, Chapter 15, CT scanning of the C-spine is

more sensitive and specific for fractures than standard
C-spine radiography. Accordingly C-spine radiography can
be omitted if the initial evaluation includes a CT scan with
adequate cuts of the C-spine.

Table 1 Management of Acute Contrast Reactions in Adults

Reaction Treatment

Urticaria Discontinue injection

No additional treatment needed in most cases

Give H1-receptor blocker: diphenhydramine (Benadrylw) PO/IM/IV 25–50 mg

If severe/widely disseminated: epinephrine SC (1:1000) 0.1–0.3 mLa (if no cardiac contraindications)

repeat every 3–5 min as need

Facial or laryngeal edema Epinephrine SC or IM (1:1000) 0.1–0.3 mLa or, if hypotension evident, epinephrine (1:10,000) slowly

IV 1 mL (¼0.1 mg). Repeat every 3–5 min IV as needed

Give O2 6–10 L/min (via mask). If not responsive to therapy or if there is obvious acute laryngeal

edema, continue therapy and monitoring, and seek appropriate assistance

Bronchospasm Give O2 6–10 L/min (via mask)

Monitor: ECG, O2 saturation (pulse oximeter), and BP

Give b-agonist inhalers such as albuterol (Proventilw, Ventolinw) 2–3 puffs; repeat prn. If unre-

sponsive to inhalers, use SC, IM, or IV epinephrine

Give epinephrine SC or IM (1:1000) 0.1–0.3 mLa or, if hypotension is evident, epinephrine (1:10,000)

slowly IV 1 mL (¼ 0.1 mg). Repeat every 3–5 min as needed

Call for assistance (e.g., cadiopulmonary arrest response team) for severe bronchospasm or if O2

saturation ,88% persists

Hypotension with tachycardia Legs elevated 608 or more (preferred) or Trendelenburg position

Monitor: electrocardiogram, pulse oximeter, BP

Give O2 6–10 L/min (via mask)

Rapid IV administration of large volumes of isotonic crystalloid solution

If poorly responsive: epinephrine (1:10,000) slowly IV 1 mL (¼0.1 mg) (if no cardiac

contraindications). Repeat as needed up to a maximum of 1 mg

If still poorly responsive seek appropriate assistance (e.g., CPR response team)

Hypotension with bradycardia

(vagal reaction)

Monitor vital signs

Legs elevated 608 or more (preferred) or Trendelenburg position

Secure airway: give O2 6–10 L/min (via mask)

Secure IV access: rapid fluid replacement with Ringer’s lactate or normal saline

If patient does not respond quickly to steps 2–4: give atropine 0.6–1 mg IV slowly

Repeat atropine up to a total dose of 0.04 mg/kg (2–3 mg) in adult

Ensure complete resolution of hypotension and bradycardia prior to discharge

Hypertension, severe Give O2 6–10 L/min (via mask)

Monitor electrocardiogram, pulse oximeter, BP

Give nitroglycerine 0.4-mg tablet, sublingual (may repeat x3); or, topical 2% ointment, apply 1 in. strip

Transfer to intensive care unit or emergency department

Seizures or convulsions Give O2 6–10 L/min (via mask)

Consider midazolam (Versedw) 1–5 mg IV

If longer effect needed, obtain consultation; consider phenytoin (Dilantinw) infusion 15–18 mg/kg

at 50 mg/min

Careful monitoring of vital signs and oxygenation required, particularly PaO2 because of respiratory

depression risk with benzodiazepine administration

Consider using cardiopulmonary arrest response team for intubation if needed

Pulmonary edema Elevate torso; rotating tourniquets (venous compression)

Give O2 6–10 L/min (via mask)

Give diuretics—furosemide (Lasixw) 20–40 mg IV, slow push

Consider giving morphine (1–3 mg IV)

Transfer to intensive care unit or emergency department

Corticosteroids optional

aEqual to 0.1–0.3 mg of epinepherine.

Abbreviations: BP, blood pressure; CPR, cardiopulmonary resuscitation; ECG, electrocardiogram; H1, histamine receptor type 1; IM, intramuscular; IV,

intravenous; PaO2, partial pressure of oxygen in the arterial blood; per os (orally); SC, subcutaneous.

Source: Modified from Ref. 12.
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Abbreviated Contrast Studies
Abbreviated screening contrast studies, such as IV
urography, were previously used in patients sustaining
blunt abdominal trauma. This practice had evolved to
using a “one-shot intravenous pyleogram (IVP)” in patients
going emergently to the OR to document renal perfusion.
Currently, most large, modern trauma centers have largely
replaced screening contrast studies with bedside ultrasono-
graphy or helical computed tomography (in more stable
patients).

Ultrasonography
Focussed assessment with sonography for trauma (FAST) is
used at most institutions as the initial abdominal evaluation
following trauma. Despite many advantages, such as port-
ability and lack of ionizing radiation, several limitations of
FAST exist (discussed below and in Volume 1, Chapter 27).
CT or diagnostic peritoneal lavage is necessary when the
FAST study is inadequate (described in detail below).

Imaging Studies in the Operating Room
Imaging studies that may be required during surgery and in
the immediate postoperative period include portable radi-
ography, abbreviated contrast studies, angiography, ultraso-
nography, and transesophageal echocardiography (TEE). CT
and MRI studies typically require transport to other sites,
although some facilities have operating rooms equipped
with these imaging modalities.

Level-I trauma centers in the United States are

required to have X-ray capabilities in the TRS and both
X-ray and fluoroscopic capabilities in the OR. This pro-
vides the ability to radiographically evaluate patients without
the need to move them to another location. A dedicated radi-
ology technologist should be assigned to the TRS or trauma
OR to perform the studies; and, this too is an ACS requirement
for level-1 trauma centers (see Volume 1, Chapter 5).

Although all of these imaging studies are of diagnostic
importance, the number and timing of radiographic studies
should be tailored to each clinical scenario. As a general rule,
time spent obtaining imaging studies should not interfere

with the performance of the surgery. This is especially true
in unstable or severely injured patients. Only critically
necessary radiographs and contrast studies should be per-
formed in the OR. Additional studies should be obtained
only when the patient is sufficiently stabilized.

Imaging Studies in the Radiology Suite
Expertise, standardization of care, and sophisticated techno-
logical advancements have allowed greater salvage of
severely traumatized patients. Care of the trauma patient
often involves transport to the radiology suite for both diag-
nostic imaging and therapeutic intervention. Patient motion
impacts on the length and quality of the imaging study. To
ensure patient immobility, anesthetic management is often
required during long and tedious imaging procedures.
Care and resuscitation in these settings is often difficult
and stressful both from the logistical and management per-
spectives. Knowledge of the advantages and limitations,
common side effects, and potential complications of specific
imaging studies will greatly enhance successful medical
care.

Current generation multidetector (16 slice) CT scan-
ners, situated in close proximity to the trauma bay in
many hospitals, allow for rapid imaging. With this gener-
ation helical CT scanners, many procedures that previously
required angiography can be done by CT alone. The newer
generation CT scanners (32 and 64 slice) allow even better
resolution. A 64-slice CT scanner has 64 X-ray beam detec-
tors (rather than one) and thus takes 64 slices through the
tissue with each revolution of the imaging gantry. The
increased number of slices per revolution, along with
increased gantry speed, have worked together to decrease
scanning duration, while also markedly increasing the
image resolution. With a 64 slice CT scanner, image
resolution is to ,0.4 mm, and one revolution takes only
0.33 seconds. With this speed and resolution coronary
artery lesions can be detected to nearly as fine detail as
occurs when visualized using conventional coronary
angiography (14).

However, contrast studies are still essential in the man-
agement of the trauma patient. Interventional procedures

Table 2 Pediatric Dose Schedules for Contrast Reactions

Drug category Specific drug Dose

Antihistamine Diphenhydramine (Benadrylw) 1–2 mg/kg IV, up to 50 mg

Corticosteroids Methylprednisolone (Solu-Medrolw) 2 mg/kg IV loading dose

Diuretic Furosemide (Lasixw) 1 mg/kg dose intravenously; maximum total dose of 40 mg

Epinephrine

Subcutaneously Epinephrine (1:1000) 0.01 mL/kg, repeat in 15–30 min, as needed (maximum

3 mL/dose)

Intravenously Epinephrine (1:10,000) 0.1 mL/kg, repeat every 5–15 min, as needed (maximum

3 mL/dose)

Inhaled beta agonist Albuterol (Proventilw, Ventolinw) 5 mg nebulized in 2 mL saline; two puffs every 20–30 min

as needed (90–180 mg)

Vagolytic Atropine 0.02 mg/kg IV (of the 0.1 mg/mL solution) every 5 min as

needed for persistent bradycardia

Minimum initial dose: 0.1 mg

Maximum initial dose:

0.5 mg (infant/child)

0.5 mg (adolescent)

Abbreviation: IV, intraveneously.

Source: From Ref. 12.
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frequently enable the nonoperative management of critical
injuries. Angiography with embolization of arterial injuries
(e.g., following pelvic fractures, or in splenic and hepatic
lesions that show an arterial blush on CT scan) has become
a routine in the treatment of trauma patients (15).

US in the radiology suite is critical in the nonacute
phase of trauma care, in obstetrical patients and children.
MRI is not generally used in the acute setting, primarily
because of technical issues. However, it is a critical modality
in stable patients, especially those with head and spinal cord
injuries. Teleradiology and Picture Archiving and Com-
munication Systems (PACS) allow for the transmission of
information to multiple locations instantaneously.

IMAGING FOR SPECIFIC PATHOLOGICAL CONDITIONS
Head Trauma
Traumatic brain injury (TBI) is a major public health issue
throughout the world and is a leading cause of morbidity
and mortality, crossing all age and socioeconomic groups.
Motor vehicle collisions (MVCs) are the leading cause of
injury followed by falls, alcohol consumption, drugs, and
assaults with blunt and penetrating instruments (16,17).

Anatomy
The skull is composed of an inner and outer table covered by
five layers of scalp with a complex and rich vascular supply:
skin, subcutaneous tissue, galea aponeurotica, loose areolar
tissue, and periosteum. Firmly adherent to the inner table
of the skull is the dura mater, the outer layer of the three
meninges. Between the inner table and the dura is the epi-
dural space containing a complex of arteries. Internal to the
dura mater is the subdural space containing bridging veins
and large venous sinuses. Beneath the subdural space are
the arachnoid, the middle layer of meninges, and the pia
mater, the internal meningeal layer closely applied to brain.
The subarachnoid space, located between the arachnoid
and the pia mater, contains the cerebrospinal fluid (CSF).

Diagnostic Imaging
CT is the imaging modality of choice in evaluating acute

TBI. Indications to perform CT of the head are multiple
and there should be a very low threshold for its use. CT is
recommended for all patients with altered mental status
following trauma, and especially those with focal neurologi-
cal deficits, penetrating trauma, palpable depressed fracture,
loss of consciousness or seizure following the injury.

CT plays an essential role in the ongoing care of TBI
victims. Initial CT scans can appear normal despite signifi-
cant TBI. Six to eight hours are often required for clinically
significant cerebral edema to develop, and for these effects
to be recognizable on CT. Severe head trauma, with or
without intracranial hemorrhage, causes some degree of
increased intracranial pressure (ICP) and mass effect on
the brain. Marshall et al. (18) have categorized TBI on the
basis of the CT scan findings. The so called, “diffuse injury
score” utilizes the status of the mesencephalic cisterns, the
degree of midline shifting in millimeters, and the presence
or absence of one or more surgical masses, and correlates
these findings to mortality (Table 3) (18). Repeat scanning
may be required, especially in patients with deteriorating
mental status. Serial scanning is important, since the
appearance of blood and degree of edema change over
time. New blood on serial scanning is an ominous sign, indi-
cating progressive, severe intracranial damage.

Angiography has long been the “gold standard” for
evaluation of vascular trauma of the head and neck at
many institutions, although it is rapidly being replaced
by CT angiography. When the 32- and 64-slice CT scans
become widely available, they will likely obviate the need
for angiography except for therapeutic use. Angiographic
signs of vascular injury include extravasation of contrast
material, pseudoaneurysm formation, and abrupt termin-
ation of the vessel (cutoff), which suggests dissection
or vasospasm. Embolization with foam or coils is useful to
terminate hemorrhage and often precludes the need for
surgical intervention. Angioplasty and stent placement
may be indicated when surgical repair is considered too
risky or difficult (19).

Controversy exists as to the ideal use of MRI in the
evaluation of the trauma patient. Gentry et al. (20) initially
recommended MRI in all trauma patients; however, practical-
ities of availability and compatibility of resuscitation equip-
ment and MRI have relegated its use to secondary (after all
life-threatening events are addressed) (21). Mirvis et al. have
also suggested selective use. MRI is superior to CT for evalu-
ation of diffuse axonal injury (DAI), cerebral edema, and
spinal cord contusions, and is the preferred modality in the
evaluation of these lesions. Magnetic resonance angiography
and venography have become valuable for the evaluation of
flow dynamics and integrity of cerebral vessels (examples of
these are provided in Volume 2, Chapter 7).

CommonTraumatic Brain Injuries
Epidural hematoma (EDH) usually results from disruption
of the middle meningeal artery in the epidural space and
is most commonly seen in the temporal and parietal
regions. Brisk, arterial bleeding results in displacement of
the dura mater from the inner table of the skull. Epidural
bleeding is contained between sutures, as the dura is nor-
mally firmly attached to the inner table. The classic CT
appearance of an acute EDH is a high attenuation, bicon-
vex (lentiform) extra-axial collection (Fig. 1). Bone
windows show skull fracture in 90% of adults with arterial
EDH (22,23).

Subdural hematoma (SDH) is a serosanguinous fluid
collection that lies within the subdural space, caused by
rupture of bridging cortical veins. Low pressure bleeding
stretches intact veins which can lead to additional venous
rupture and enlargement of the hematoma. In contrast to
EDH pathophysiology, the SDH is not confined by adherent
meninges, and frequently spans the entire left or right hemi-
sphere, giving SDH its typical crescentic configuration
(Figs. 2 and 3). Because loose connective tissue between
the arachnoid and dura allows relatively unconstrained
spread, SDH can become quite large, causing significant

Table 3 Diffuse Injury Score

Diffuse

injury score CT appearance Mortality (%)

I Normal CT scan 9.6

II Cisterns present, shift , 5 mm 13.5

III Cisterns compressed/
absent, shift , 5 mm

34

IV shift . 5 mm 56.2

Abbreviation: CT, computed tomography.

Source: From Ref. 18, pp. 514–517.
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mass effect on the underlying brain parenchyma. Acute SDH
can also be demonstrated by CT as increased attenuation
within the tentorium or falx (Fig. 2). The attenuation of
SDH changes over time, being hyperdense during the
acute period (first week), hypo- or isodense in the subacute
period (1–3 weeks) (Fig. 3), and usually hypodense in the
chronic (.3 weeks) period. The prognosis of SDH is variable
and related to the extent of the primary underlying brain
injury (22,23).

Subarachnoid hemorrhage (SAH) is blood within the
cerebral spinal fluid and is common in patients with severe
TBI. The CT scan demonstrates areas of high attenuation
that conform to the sulci, (Fig. 4) and is more sensitive
than MRI for the detection of SAH. Patients with SAH are
at risk for developing communicating hydrocephalus, result-
ing from alterations in CSF flow due to impaired absorption
in the arachnoid villi (22,23).

Cerebral contusion and hematoma are focal intrapar-
enchymal hemorrhages that result from direct impact
forces. Coup injuries occur at the site of impact and are
caused by deformation and inward deflection of the skull.
These injuries are occasionally mild despite violent
forces. On the opposite side, contrecoup injuries occur and
are often severe, presenting with an array of signs and
symptoms (18). Cerebral hematoma, which forms from coa-
lescing microhemorrhages, results from severe TBI; CT
(Fig. 5A) demonstrates focal areas of hyperattenuation sur-
rounded by a varying degree of cerebral edema depending
upon the duration of the injury (22,23). Cerebral edema
that often surrounds a cerebral hematoma can be better
detected with MRI (Fig. 5B) than with CT.

Rapid rotation of the skull with associated shearing
stress on the underlying brain can result in DAI. The severity
of brain injury is directly related to the degree of traumatic
forces sustained. Patients present with agitation or loss of
consciousness. Although DAI has been generally considered
to be a pathological diagnosis, there are some imaging
results that suggest the diagnosis. Newer multidetector CT

Figure 3 Subacute subdural hematoma. Computed tomography

scan showing a subacute/chronic subdural hematoma with sig-

nificant left to right midline shift. The bulk of the hematoma

density is intermediate between acute blood (as shown in Fig. 2 and

at the most dependent portion of this fluid collection), indicating

that the hematoma is subacute. If an additional week or so of time

elapses without further rebleeding, the density of the hematoma

fluid would decrease further still, approaching that of cerebrospinal

fluid (darker as shown in the patient’s ventricles).

Figure 2 Acute subdural hematoma. Computed tomography scan

demonstrating an acute left fronto-parietal subdural hematoma

with significant left to right midline shift.

Figure 1 Epidural hematoma. Computed tomography scan

demonstrating a classic “lens shaped” left frontal epidural hema-

toma; mild left to right midline shift is also seen.

298 Grebenc et al.



(MDCT) shows small areas of hemorrhage, most commonly
at the gray-white matter interface, but also in the brainstem
and corpus collosum. CT frequently underestimates the
extent of DAI, and MRI is more sensitive in both acute
and chronic DAI (Fig. 6). Findings on MRI associated with
DAI, include small petechial hemorrhages scattered along
the axon tracts. Delayed intracranial bleeding can occa-
sionally occur and is associated with a poorer prognosis
(22,23).

Spine and Spinal Cord Trauma
In the United States, between 12 and 43 persons per million
survive traumatic spinal cord injury (SCI) each year.
Approximately 10,000 individuals per year, primarily
young men between the ages of 11 and 30, sustain injuries
that do not cause death but instead result in permanent
long-term disability, often precluding a return to normal
daily living. The economic and emotional burden of the pro-
tracted care of these survivors is obviously staggering (see
Volume 1, Chapter 15).

Anatomy
Beginning at the atlantooccipital articulation (junction of the
cranium and the first cervical vertebral body) and ending at
the coccyx, the spine consists of seven cervical vertebrae,
twelve thoracic vertebrae, five lumbar vertebrae, five fused
sacral bones, and the coccyx (Fig. 7).

Cervical, thoracic, and lumbar vertebrae are uniquely
shaped, but the basic anatomy is the same, other than the
higher cervical vertebrae (atlas and axis), which possess
distinctive differences compared to the other levels (see

Volume 1, Chapter 15 for a complete review). Each vertebra
consists of a body, two pedicles, laminae, and transverse pro-
cesses, a single spinous process, and bilateral superior and
inferior articulating facets. Intervertebral cartilaginous disks
cushion the vertebra and a complex system of ligaments
and muscles maintain integrity of the vertebral column.

The spinal cord is well protected within the spinal
canal and extends from the foramen magnum to approxi-
mately the second or third lumbar vertebrae (L2 or L3)
ending as the conus medullaris. The conus fans out as the
cauda equina and ends as the filum terminale. Spinal
nerve roots exit at the intervertebral foramina.

The vascular supply to the cord arises directly from
the aorta via the subclavian and vertebral arteries. Branches

Figure 5 Intraparenchymal hematoma. Forty-seven-year-old

male involved in a motorcycle collision. (A) Axial computed

tomography of the head shows a hyperdense left frontal intra-

parenchymal hematoma with surrounding edema (arrowheads)

and acute subdural blood in the left tentorium (large arrow); a

small amount of subarachnoid blood is also demonstrated (small

arrows). (B) Magnetic resonance image of the brain in the same

patient demonstrates the left frontal hematoma (arrowhead).

Figure 4 Subarachnoid hemorrhage. Computed tomography

(CT) scan demonstrating severe posttraumatic subarachnoid

hemorrhage. Acute blood appears radiodense (white) on CT. The

subarachnoid blood is seen in the suprasellar cistern (arrow 1), the

interhemispheric cistern (arrow 2), temporal horn of the lateral

ventricle (one of the radiological stigmata of hydrocephalus—

arrow 3), and in the ambient cisterns around the midbrain

(arrow 4).
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of the vertebral arteries merge anteriorly along the ventral
surface to form a single anterior spinal artery spanning the
length of the cord from the foramen magnum to the conus.
Two posterior spinal arteries descend along the dorsal
surface of the cord and terminate as a single posterior
central artery.

Diagnostic Imaging
In adults, the typical radiographic evaluation of the

C-spine consists of three films: lateral, AP, and odontoid
views. The lateral view is generally considered the
most useful screening radiograph in the diagnosis of acute
cervical trauma, with a 90% detection rate of significant cer-
vical injury (24). Although this claim has been challenged,
this single radiograph remains valuable as a screening tool
in the initial evaluation of cervical trauma (25). Currently
radiography, CT, and MRI may be used individually or as
complementary modalities. With respect to the C-spine, this
chapter provides general considerations, whereas Volume 1,
Chapter 15, provides indepth review along with numerous
high resolution images of the commonly encountered injures.

The lateral C-spine (see Volume 1, Chapter 15,
Figs. 15–33) should be reviewed systematically. Radio-
graphic technique (positioning, exposure, motion) should
be noted, and all osseous structures should be identified.
The atlantooccipital junction, seven cervical vertebrae, and
preferably the articulation of C7 on T1 (first thoracic verte-
bra) should be visible. Unless seven cervical vertebrae are
visible, the radiograph is considered inadequate, and the
C-spine cannot be radiographically “cleared” for exclusion
of fractures or other pathology.

Traction on the shoulders although used for years is no
longer recommended in the trauma victim as this can cause
hyperextension of an already unstable neck (26). The swim-
mer’s view (placement of the arm and shoulder nearest the
film up and forward and the opposite limb down and back
out of the plane of the cervical vertebrae to eliminate
overlay of multiple osseous structures) is used to visualize

the lower cervical and upper thoracic articulation, when
needed.

Vertebral body alignment, soft tissues, air collections,
and foreign bodies should be noted. The C-spine normally
exhibits a slight lordosis. Muscle spasm, positioning,
stabilization devices, and cervical injury can cause loss
of this normal curvature. The vertebral bodies should
have a smooth rectangular contour and should be aligned

Figure 7 Human vertebral column. Lateral view of the vertebral

column showing its curves and their relationship to a plumb line

through the center of gravity of the body. Source: Adapted from

Ref. 112.

Figure 6 Diffuse axonal injury. Magnetic resonance image of

the brain in the same patient as shown in Figure 5 (but at other

brain levels) demonstrates additional bright foci at the gray white

matter interfaces (arrows) consistent with axonal sheer injury.
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anteriorly and posteriorly with adjacent vertebrae. Lamina
and articular processes should be symmetric and the
spinous processes should be equidistant except at C2–3
where there is a natural widening. Osteophytes, osteoporo-
sis, loss of vertebral height and narrowing of intervertebral
disk spaces are often normal findings in elderly patients.
The distance between the anterior arch of C1 and the
odontoid process of C2 should not exceed 3 mm in adults.

Four imaginary spinal lines should be identified on the
lateral radiograph (Volume 1, Chapter 15, Fig. 33). The
anterior and posterior spinal lines should be smooth, indicat-
ing integrity of the anterior and posterior ligaments. Step-offs
imply significant ligamentous disruption with cervical
instability, although pseudosubluxation at C2–C3 may be a
normal variant in children under the age of eight (27). The
spinolaminar line should be slightly curved and smooth.
Abnormal widening between spinous processes (“fanning”)
is indicative of posterior ligamentous disruption and may
or may not imply cervical instability. The fourth spinal line
outlines the tips of the spinal processes and should be
smooth.

The soft tissues should be examined for symmetry,
swelling, foreign bodies, and abnormal air collections. Pre-
vertebral soft tissue thickness greater than 7 mm anterior
to the C2 vertebral body is suggestive of underlying cervical
injury. Measurements of 10 mm or more are highly suspi-
cious of cervical pathology (28). The prevertebral soft
tissues normally widen further down the cervical spine.

CT has traditionally been used when radiographs are
equivocal or abnormal or when the clinical evaluation is
inconsistent with radiographic findings. While optimally
exposed, well positioned radiographs of the C-spine reveal
90% of clinically significant injuries, optimal images can
often be technically difficult to obtain in the injured, immobi-
lized patient. Although the overall risk of significant C-spine
injury is very low among patients presenting with trauma,
the outcome of a missed injury can be devastating. In many
centers, screening CT has replaced radiography for patients
with high suspicion of C-spine injury (29,30). The

trauma patient should be considered at high risk for
C-spine fracture when the mechanism of injury is severe,
when there are multiple injuries, decreased mental status
and/or intoxication. Low risk patients include those
who are alert and oriented without neck pain or tenderness,
and those involved in low velocity impacts. The decision to
perform CT rather than radiography for the evaluation of
C-spine trauma must be tailored to each specific clinical
situation.

MRI is indicated in all patients with partial or pro-
gressive neurologic impairment and to diagnose C-spine
instability secondary to ligamentous injury. MRI depicts
cord involvement and shows additional pathology such as
epidural hematoma, traumatic disk herniation, and nerve
root injuries (30).

Cervical Spine Trauma
C-spine injuries are best understood when classified accord-
ing to mechanism of injury, namely axial loading (vertical
compression), hyperflexion, hyperextension, and rotation
(Volume 1, Chapter 15). Stable C-spine fractures are those
without significant neurologic injury or impairment.
Unstable fractures have associated spinal cord or nerve root
injury, and risk of progressive damage through additional
movement (31,32). The severity of C-spine injury is directly
influenced by the force of the trauma sustained.

Axial compression forces, such as those seen in jumps
or falls, are transmitted from the vertex of the skull into the
spinal column. They cause comminuted, displaced vertebral
body fractures and intervertebral disk extrusion. Axial
loading injuries may cause fractures at multiple levels (see
Fig. 8). A Jefferson’s fracture is a burst fracture of the C1
ring (see Volume 1, Chapter 15, Figs. 15–27). Fractures occur
at the junctions of the anterior and posterior arches with the
lateral masses. The open mouth view demonstrates lateral
displacement of lateral masses of C1 with respect to C2 (33).

Odontoid fractures are caused by rapid flexion and
extension forces. They are classified into three types based
on location (Volume 1, Chapter 15). Type I fractures
account for ,1% of odontoid fractures and involve the tip.
They may be stable or unstable (due to possible atlantoocci-
pital dislocation). Type II fractures account for approxi-
mately 60%, and occur across the tapered base of the dens.
These fractures are at risk of nonunion. Type III fractures
make up 40% of injuries, and are obliquely oriented, extend-
ing from the base of the odontoid into the C2 vertebral body.
Odontoid fractures are best demonstrated on the open

Figure 8 Axial loading mechanisms causing multiple spine

fractures. (A) For the sequential fracture mechanism, neck exten-

sion is followed by flexion or flexion is followed by extension. Two

fractures of the cervical spine (C2 and C6) or a cervical fracture

combined with a distal vertebral fracture (C2 and L1) results.

(B) With the simultaneous fracture mechanism, a solitary axial-

compressive force applied to the normal kyphotic curve of the

thoracic spine (while the neck is extended) will produce fractures

at C2 and T9. Source: From Ref. 113.

Chapter 16: Diagnostic Imaging for Trauma 301



mouth and lateral views as linear lucencies extending
through the bone with associated soft tissue swelling.

A hangman’s fracture occurs through the bilateral pars
interarticularis of C2 and extends into the vertebral body
(Volume 1, Chapter 15). It is defined as traumatic spondylo-
listhisis of the axis. The most common mechanism of injury
is hyperextension with axial loading. On lateral radiographs,
the C2 vertebral body is anteriorly displaced with respect to
C3 and the pedicles are widened. CT is required in all cases
to depict the extent of injury and to show additional cervical
fractures, which occur commonly (33).

Hyperextension injuries result in torn anterior longi-
tudinal ligaments, fractured posterior elements and, in
some cases, subluxation. These injuries are frequently associ-
ated with maxillofacial fractures, laryngeal trauma, and
neurological deficits that range from transient paresthesias
to complete quadriplegia (34). The hyperextension teardrop
fracture is an avulsion fracture at the site of the attachment of
the anterior longitudinal ligament and involves the anteroin-
ferior aspect of the vertebral body. These fractures most often
occur at C2 and C3 and are mechanically stable.

Hyperflexion injuries disrupt the posterior elements,
compress the anterior columns, and rupture the interspinous,
capsular, and posterior longitudinal ligaments (33). The
hyperflexion teardrop fracture is one of the most serious of
all C-spine injuries, caused by high-energy axial loading
on the flexed spine. This is a highly unstable fracture/
dislocation, usually with retropulsion of the dorsal fragment
of the dislocated vertebral body (Fig. 9). These injuries occur
most commonly at C5 and C6 and present with signs of SCI.
The lateral radiograph demonstrates kyphotic angulation at
the level of injury, widening of the interspinous and interla-
minar spaces, and various degrees of anterior translation at
the level of injury. The tear-drop-shaped fracture fragment
of the anteroinferior aspect of the vertebral body is displaced
from the larger dorsal fragment (33). Hyperflexion with associated rotational forces results

in unilateral facet dislocation, in which a single facet is
perched on the facet below. This is often a stable injury.
Flexion combined with distraction forces results in bilateral
interfacet dislocation in which both inferior articular facets
of a vertebral body dislocate anteriorly with respect to the
superior facets of the subadjacent vertebral body (Fig. 10).
Bilateral interfacet dislocation is a highly unstable injury
due to disruption of all major supporting ligaments. Associ-
ated neurologic damage is common (33). The reader is
referred to Volume 1, Chapter 15, for a complete review of
C-spine injuries and their imaging considerations.

Thoracolumbar Spine Trauma
Injuries of the thoracolumbar (TL) spine are caused by
similar forces as those of C-spine injuries. The majority of
TL spine injuries involve the T12 to L3 vertebral bodies
and are caused by flexion injuries associated with lap seat
belts or malfunction of the shoulder component of the
three-point harness. Bruising in a band over the abdomen
corresponding to the position of the lap belt (“seat belt
sign”) is often evident upon physical examination.

Hyperflexion of the upper spine over the lower spine
at the level of the lap belt causes shearing and distraction
of the posterior osseous, muscular, and ligamentous
elements from L1–L3 (35). The Chance fracture is a frac-
ture-dislocation with ligamentous disruption at the lumbar
level (Fig. 11). Complications include neurological dysfunc-
tion, paraspinous muscle spasm, hematoma, and visceral
damage to the abdomen and retroperitoneum (36). Lumbar

Figure 10 Bilateral cervical spine (C6–7) facet dislocations.

Cervical spine sagittal reconstructed image from the same patient

as shown in Figure 9 located at the level of the left facet joints,

demonstrating a fracture/dislocation of the C6–7 facet joint. The

inferior articular facet of C6 is dislocated anteriorly with respect to

the superior articular facet of C7 (arrow) and there is a small

associated chip fracture. Besides the bilateral facet dislocations,

this patient had a C7 burst fracture (Fig. 9). (Note the normal

relationship of the facet joints below the dislocation.)

Figure 9 Cervical spine (C7) burst fracture. Cervical spine

sagittal reconstructed image from a helical computed tomography

scan performed for cervical trauma demonstrates a burst fracture of

the C7 vertebral body with retropulsion of the posterior fracture

fragment into the spinal canal.
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distraction fractures involving only bone can also occur
(Fig. 12). Use of the three-point seat belt has reduced the inci-
dence of these lap seat belt injuries, but the incidence of
shoulder harness-related thoracic injuries (upper rib frac-
tures, thoracic spinal fractures, and shoulder injuries) and
cerebrovascular injuries has increased (37,38).

Imaging of the TL spine in the acute trauma setting has
traditionally been accomplished with conventional radio-
graphs in the standard AP and lateral projections, and this
method is still appropriate for many trauma patients.

Recently, the use of MDCT has introduced the option of for-
going the thoracic spine trauma series in patients who
receive MDCT scans for evaluation of other injuries of the
chest, abdomen and pelvis. One recent report documents
several advantages of MDCT over conventional radiography
for detecting fractures of the TL spine including a higher
sensitivity (78% for MDCT and 32% for conventional radi-
ography). In addition, omitting the conventional radio-
graphs in the severely injured patient who receives MDCT
saves time and money, and decreases the risk of further
injury caused by patient positioning for conventional radi-
ography. Images of the spine acquired using MDCT can be
reformatted in sagittal and coronal planes, laying out the
entire spine without obscuration by overlying structures
(Fig. 13) (39). As with the cervical spine, the type of screening
study should be tailored for each individual and performed
in accordance with the established protocols of the trauma
center.

Thoracic Trauma
Traumatic injury to the chest results from penetrating or
nonpenetrating (blunt) mechanisms. Gunshot and stab
wounds account for the vast majority of penetrating
trauma to the chest. Blunt trauma comes from a variety of
mechanisms and results in injuries from rapid deceleration
forces, severe compression forces and direct impact.
The specific organ and/or thoracic cage injury depends on
the type, location, and severity of the forces delivered
to the chest. Injuries to the soft tissues, thoracic cage, heart
and great vessels, lungs, esophagus, spine and abdominal
organs may occur alone or as composite injuries. Survival
is dependent upon rapid recognition and treatment of poten-
tially fatal injuries.

Evaluation of the AP Chest Radiograph
The portable chest radiograph is essential in evaluating the
acute trauma victim. An evaluation of the chest X-ray

should be undertaken immediately to identify potentially
life-threatening injuries. A systematic review of the
chest radiograph includes evaluation of the cardiomediast-
inal position and contour (noting the trachea, paratracheal
stripes, aortic margin, heart, and spine), lungs, pleura,
diaphragm, thoracic cage (including the ribs, clavicle, and
scapula), and soft tissues. Complete assessment also
includes the adjacent areas, specifically the lower neck and
upper abdomen. A search for foreign bodies should be
performed. Careful attention to detail on the trauma chest
radiograph will reveal most injuries, the early detection of
which will expedite care and dramatically influence outcome.

Aortic Injury and Mediastinal Hematoma
Traumatic aortic injury is often fatal and must be
identified early in the care of the trauma patient. The
chest radiograph, as the initial screening tool, is useful
in identifying patients requiring further evaluation and
treatment. Attention should be given to the normal
mediastinal contours. Findings indicating mediastinal
hemorrhage include featureless, widened mediastinum,
obscured or abnormal contour of the aortic arch and des-
cending aorta, displacement of the trachea/nasogastric
tube to the right, widening of the right paratracheal
stripe, widened left paraspinal line, and a left apical
pleural cap (Figs. 14A and B). Patients with suspected
mediastinal hemorrhage based on mechanism and radio-

graphic findings should undergo further imaging with CT

Figure 12 The “all bone” variety of lumbar distraction injury.

Source: Adapted from Ref. 115.

Figure 11 Lumbar “chance” fracture mechanism. Abnormal

lumbar mechanics occur during deceleration in a person wearing a

lap belt. The flexion axis passes through the point of contact

between the belt and the abdominal wall. All portions of the spine

are posterior to this axis and are subjected to tensile stress. Source:

Adapted from Ref. 114.
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or angiography. Of patients with mediastinal widening
on CXR (Fig. 15A) and hemorrhage demonstrated on CT
(Figs. 15B and C), approximately 20% will have an aortic
injury. Other sources of mediastinal blood include injured
mediastinal veins and small arteries. CT findings of an
aortic injury include pseudoaneurysm, intimal flap, aortic
or branch vessel contour abnormalities, intraluminal
thrombus and extravasation of contrast opacified blood
from the aorta (40).

Pneumothorax and Pneumomediastinum
A pneumothorax is identified when there is visualization of
the visceral pleural line of the lung and absence of peripheral
lung markings. On an upright radiograph, the pleural air is
seen in the lateral and apical areas of the chest (Fig. 16). With
supine positioning, pleural air shifts to the anteromedial and
basilar regions of the pleural cavity producing a basal hyper-
lucency, the “deep sulcus sign” and the “double diaphragm
sign” (Fig. 17) (41–43). Pneumothorax may initially be

Figure 13 Lumbar spine fracture. Forty-two-year-old female involved in a motor vehicle collision. Axial (A) and sagittal reformatted

(B) computed tomography images of the lumbar spine show a compression fracture of the L1 vertebral body with posterior

displacement of the dorsal fracture fragment and narrowing of the spinal canal. The sagittal T2 weighted magnetic resonance image

(C) of the lumbar spine in the same patient demonstrates the fractured L1 vertebral body and narrowing of the spinal canal. Note

the bright signal in the area of the conus medullaris most likely due to edema.
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detected on an abdominal CT scan, which shows the lung
bases (44).

Tension pneumothorax results from a one-way ball-
valve mechanism with progressive accumulation of pleural
air. This condition should be diagnosed clinically, prior to
radiographic evaluation. Tension pneumothorax must be
treated immediately in order to avoid vascular collapse.
Radiographic signs of a tension pneumothorax (Fig. 18)

include depression of the ipsilateral diaphragm and shift
of the mediastinum to the contralateral side.

Pneumomediastinum is air that has entered the intersti-
tium from ruptured alveoli and tracked into the mediastinum.
Mediastinal air may also come from a ruptured bronchus or
esophagus. On radiography, pneumomediastinum is seen as
a lucency located between the heart and mediastinal pleura,
which extends above the pericardial reflections (Fig. 19). Air
from the mediastinum may track into the soft tissues of the
neck and down into the peritoneum.

Hemothorax
Pleural fluid in a previously healthy trauma patient almost
always represents blood (Fig. 20). Hemothorax can result
from pulmonary, arterial and venous injuries. On a supine
radiograph, pleural fluid will layer in the posterior pleural
space and result in blunting of the costophrenic angle,
increased hazy opacity of the lower chest, apical pleural
thickening and if large, near complete opacification of the
hemithorax. A rapidly enlarging hemothorax may require
thoracostomy or emergent thoracotomy (see Volume 1,
Chapter 13).

Pulmonary Contusion
Pulmonary contusion is characterized radiographically

by a patchy, nonsegmental parenchymal opacity.
Pulmonary contusion results from direct injury to the lung
parenchyma by compressive forces. Imaging studies can be
initially normal, as several hours are required for radiographi-
cally detectable accumulation of inflammatory cells, edema
and blood to occur (Fig. 21A). CT is more sensitive than radi-
ography in demonstrating pulmonary contusion and more
accurately demonstrates the extent of involvement (Fig. 21B)
(45). Resolution of pulmonary contusion begins within 48
to 72 hours and is generally complete by four to five days
in mild cases, although radiographic changes may persist
longer, especially if severe, or if secondary infection occurs.

Rib Fractures
Rib fractures should be identified on the chest radiograph
(Fig. 17) as their presence may indicate other significant
injuries. Injury to the first three ribs is associated with
pulmonary, tracheobronchial, and vascular injuries.

Injury to ribs four through nine may be accompanied by
cardiopulmonary insult (e.g., myocardial contusions or
pulmonary contusions). Fractures of the ninth through
twelfth ribs are associated with splenic, hepatic and dia-
phragmatic injury. Multiple contiguous fractures may
be associated with chest wall instability (“flail chest”),
which results in paradoxical motion of the chest wall and
impairment of normal respiration. Sternal fractures imply
high velocity trauma, and are frequently associated with
significant injury of structures beneath and adjacent to the
fracture site (46). Sternal fractures, while difficult to visualize
on chest radiographs, are optimally evaluated with MDCT
from which sagittal and coronal reconstructed images can
be obtained.

Cardiac Injuries
Cardiac injuries occur in 15% to 75% of thoracic trauma.
Common injuries include contusion, (seen in 40% of patients
with clinically apparent chest trauma), and rupture of
the valves, papillary muscles, and chordae tendineae.
Aortic valve rupture is more common than that of the
mitral valve. Pulmonary and tricuspid valve injuries are

Figure 14 Aortic tear with peri-aortic hematoma. (A) Supine

portable anterior–posterior radiograph demonstrating widening of

the superior mediastinum and the margin of the aortic arch is

poorly defined. Substantial soft tissue density is seen lateral to the

vascular calcification of the aortic arch. Large, bilateral, pleural

effusions are also evident. (B) Single image from contrast-

enhanced computed tomography scan of the chest. Extensive aortic

hematoma is present surrounding the ascending (marked “A”)

and descending (marked “D”) aorta. The arrowheads outline

unenhanced blood.
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rare (47). Echocardiography is the imaging modality of
choice for evaluating blunt and penetrating cardiac
trauma. Currently, transthoracic echocardiography, as
part of a FAST exam, offers the best risk-to-benefit ratio for
early identification of pericardial fluid from penetrating
trauma to the heart (48). Wall motion abnormalities,
hematoma, valve dysfunction, and pericardial effusion can
also be identified (49).

Pneumopericardium comes from the dissection of pul-
monary or bronchial air into the pericardial sac. If the
accumulation of air is rapid, there is a risk of tension pneu-
mopericardium with ensuing hemodynamic compromise
(50). Chest radiography and CT will show lucency surround-
ing the heart and separation of the pericardium away from

the cardiac surface (Fig. 22). Survival is dependent upon
rapid identification and decompression.

Tracheobronchial Injury
Tracheobronchial injury is an uncommon complication of
trauma, occurring most frequently from direct blows in
unrestrained drivers who impact upon the steering wheel
or dashboard with a hyperextended neck (51). Physical
manifestations include stridor, cyanosis, respiratory distress,
difficult phonation, hoarseness, hemoptysis, and crepitus
(52). Persistent air leak, subcutaneous and mediastinal
emphysema, and failure of a collapsed lung to re-expand
after correct chest tube placement are findings suggestive
of occult tracheobronchial injury. Extra-anatomic air is

Figure 15 Aortic tear with pseudoaneurysm. (A) Supine portable anterior–posterior radiograph shows a widened mediastinum, widening

of the right paratracheal stripe, loss of the aortic contour. (B) Contrast enhanced computed tomography (CT) scan at the level of the carina

shows abnormal attenuation in the mediastinal fat consistent with a mediastinal hematoma. The proximal descending aorta has an irregular

contour and a small intimal flap (white arrow). (C) Sagittal oblique reconstructed CT image in the same patient demonstrates the traumatic

aortic pseudoaneurysm.
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present nearly 90% of the time on chest radiography.
However, diagnosis is usually made by fiberoptic broncho-
scopy. It is imperative to stabilize the airway prior to
obtaining diagnostic studies.

Radiographic signs of tracheal rupture include
pneumomediastinum, pneumothorax, displacement of the
endotracheal tube tip to the right of the trachea and an
overdistended endotracheal tube cuff (53). Elevation of the
hyoid bone above C3 on the lateral radiograph of the
C-spine has been described with tracheal transection (53).
Suspected tracheobronchial injury is best evaluated by
CT (54). Direct laryngoscopy, bronchoscopy, and esophago-
scopy may also be required for complete assessment.

Esophageal Injury
Esophageal injury associated with thoracic trauma is rare,
occurring in less than 1% of patients. It most frequently
results from penetrating injuries in the neck and upper
chest, although rupture with blunt torso trauma has been
reported (55). Esophageal disruption is diagnosed with
an esophagogram, which demonstrates extravasation of
water-soluble contrast during fluoroscopic observation.

If water-soluble contrast fails to show an abnormality, thin
barium may be used to demonstrate a subtle tear. Barium
is contraindicated in the presence of an esophageal leak, as
it can cause severe chemical mediastinitis.

Diaphragmatic Injury
Traumatic diaphragmatic rupture (TDR) is difficult to ident-
ify clinically and radiographically. If the diaphragmatic rent
is small, symptoms may not present for years. The CXR is
frequently normal in TDR, and diagnostic peritoneal
lavage can be negative in as many as 34% of patients (56).
Diaphragmatic rupture occurs most frequently on the left,
as the right hemidiaphragm is protected by the liver (57).
Complications of diaphragmatic injury include respiratory

Figure 18 Tension pneumothorax. Supine portable anterior–

posterior radiograph of the chest demonstrating a large left-sided

pneumothorax. There is increased lucency at the lung base (black

arrow). There is shift of the mediastinum to the right consistent with

a tension pneumothorax. Bilateral chest tubes (white arrowheads)

and central venous catheter (white arrow) are present. Note the

endotracheal tube position with tip (black arrowhead) at the carina.

Figure 17 Right rib fractures and pneumothorax. Supine port-

able anterior–posterior radiograph of the chest demonstrating a

right-sided pneumothorax. Lucency is seen at the right lung base

(black arrow) giving the appearance of a “deep sulcus.” Multiple

right-sided rib fractures (asterisks) and subcutaneous emphysema

(arrowhead ) are also present. Note position of the endotracheal

tube at the thoracic inlet (white arrow).

Figure 16 Bilateral pneumothoraces. Upright posterior–

anterior radiograph demonstrating bilateral pneumothoraces.

The edge of each lung is sharply demarcated by the visceral

pleura (white arrows).
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distress, pneumonia, atelectasis, pleural effusion, and visc-
eral herniation (Fig. 23) with immediate or delayed strangu-
lation. Herniated bowel or stomach, if sufficiently dilated,
may mimic a loculated pneumothorax. Tension enter-
othorax, a rapid dilation of herniated bowel within the
chest resulting in severe respiratory distress, has been
reported by Wiencek et al. (58). Emergent decompression is
imperative.

Findings suggestive of TDR on CXR include distortion
of the diaphragmatic contour, elevation of a hemidiaphragm,
and ipsilateral pleural effusion. If abdominal viscera herni-
ate into the chest, air-fluid levels in viscera and a nasogastric
tube within the thorax are suggestive of TDR. CT (Fig. 23)
and MRI are helpful in diagnosing TDR (59).

Imaging of Nonacute Trauma
Once admitted to the SICU, follow-up imaging continues to
play an important role in the evaluation of the trauma

patient. Endotracheal and nasogastric tubes, central lines,
pulmonary artery lines, mediastinal drains, and chest
tubes should be evaluated with CXR for proper positioning.
The endotracheal tube should be seen in the tracheal
lumen and positioned 3 to 5 cm above the carina in the
adult patient. Central venous catheters should be placed
with the distal tip in the superior vena cava. The tip of a
pulmonary artery catheter should be in the proximal right
or left pulmonary artery. The distal end of a nasogastic
tube should lie uncurled in the stomach, and the gastric
bubble should be small. Comparison with a recent prior
chest radiograph is essential in order to detect interval
change in lines, tubes, pulmonary parenchymal opacities,
and pleural and pericardial effusions. Follow-up chest
CT scans are frequently required in order to evaluate
progression of pulmonary disease, loculated pleural fluid
or empyema, acute pulmonary embolism (PE), and
missed injury.

Figure 19 Pneumomediastinum. Upright posterior–anterior radiograph (A) and lateral (B) chest radiographs in a patient with

pneumomediastinum demonstrates lucency representing air along the mediastinal contour (arrows). Note how air is seen superior

to the pericardial reflection on the lateral view. (C) Axial computed tomography image in the same patient demonstrates the

mediastinal air.
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Abdominal Trauma
Anatomy
The abdomen extends from the xiphoid process to the pubic
symphysis and is divided into upper (abdomen proper and
retroperitoneum) and lower regions (the lesser pelvis) (60).
The upper abdomen contains omentum, mesentery, liver,
gallbladder, spleen, stomach, first and second portions of
the duodenum, jejunum, ileum, and transverse colon. Per-
itoneal reflections divide the abdomen into the greater
and lesser sacs. The intrathoracic portion of the abdomen
contains the diaphragm, spleen, stomach, liver, and trans-
verse colon. The lower abdomen contains the sigmoid
colon, rectum, bladder, iliac vessels, and female internal
genitalia.

The retroperitoneum is generally divided into three
spaces: the anterior pararenal space, the perirenal
space, and the posterior pararenal space. The anterior para-
renal space contains the third and fourth portions of the
duodenum, the pancreas, portions of the ascending and
descending colon, and the great vessels (aorta, vena cava,
and their branches). The perirenal space contains the
kidneys, adrenal glands, and surrounding perirenal fat.
Only adipose tissue is located in the posterior pararenal
space (61).

Focused Assessment with Sonography for Trauma
Ultrasound, because of its portability, rapidity, and lack of
ionizing radiation, has become a useful tool in the manage-
ment of the acute trauma victim. FAST is a limited sono-
graphic evaluation of the abdomen performed in patients
with blunt abdominal trauma. The purpose of FAST is
to identify free abdominal fluid, which, in the acute setting,
likely represents hemoperitoneum. FAST is now per-
formed in many American trauma centers, usually by a
trauma surgeon, an emergency physician, or an ultrasound
technologist, under the supervision of a radiologist (Fig. 24).

Sonographic findings are based on the natural, anatomical
flow of free fluid within the abdomen. The following areas
are evaluated: the right subphrenic space above the liver,
the hepatorenal recess (Morison’s pouch), the left
subphrenic space above the spleen, the presplenic space at
the inferior margin of the spleen, the peritoneal recess of
the pelvis, and the pericardium (Fig. 25). Fresh, unclotted
blood appears hypoechoic and may have scattered internal
echoes. In the extended FAST, both the right and left
supradiaphragmatic spaces are also evaluated for blood
(Figs. 26A, B, and C).

FAST is extremely useful in patients with blunt
abdominal trauma but has certain limitations. US is
highly operator-dependent and can be difficult to master
without considerable experience. In addition, it may be
difficult to find an adequate acoustic window in many
patients, due to large patient size or inability to cooperate.
Chiu et al. (62) have reported that up to 29% of abdominal

Figure 20 Hemothorax. Supine portable anterior-posterior

radiograph of the chest demonstrating a large right hemothorax.

The homogeneous increase in radiographic density present within

the right hemithorax is characteristic. There is also a moderate

degree of right to left shift of the medistinal structures (away from

the hemothorax).

Figure 21 Pulmonary contusion. (A) Supine portable anterior–

posterior radiograph of the chest (CXR) demonstrating a left lower

lobe density consistent with pulmonary contusion. (B) Axial

computed tomography image in the same patient demonstrates the

left lower lobe pulmonary contusion more clearly, and also

demonstrates an occult pneumothorax (not seen on CXR).
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injuries are missed when FAST is used as the sole diagnostic
tool in the evaluation of major thoracoabdominal injuries.
The FAST examination will not detect retroperitoneal,
bowel, or osseous injuries and may miss certain intra-
abdominal injuries. Investigators have shown that a high
number (26–34%) of abdominal organ injuries do not have
hemoperitoneum at presentation (63).

Computed Tomography
Remarkable technological advances in CT have revolutio-
nized trauma management. CT is highly accurate in the
evaluation of intra- and retroperitoneal organ injury and is

Figure 24 Focused abdominal sonography for trauma (FAST).

Schematic drawing illustrating the standard four-view FAST.

Scanning sequence is (i) pericardial, (ii) right upper abdominal

quadrant, (iii) left upper abdominal quadrant, and (iv) pouch of

Douglas in the pelvis. Source: From Ref. 115.

Figure 22 Pneumopericardium. Supine anterior–posterior

radiograph of the chest. A pneumopericardium is present. The

pericardium (arrowheads) is separated from the silhouette of the

heart by gas.

Figure 23 Diaphragmatic rupture. Coronal reconstruction of

computed tomographic data from a patient with a large dia-

phragmatic hernia. The left hemithorax is completely filled with

abdominal contents. The left hemidiaphragm is disrupted (ends of

diaphragm shown with arrows). There is shift of the mediastinum

to the right.

Figure 25 Hemopericardium. Focused abdominal sonography

for trauma (FAST) exam of the. Source: From Ref. 48.
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the primary diagnostic modality used in most trauma
centers. Grading criteria, which have been established as
guides for nonoperative management of solid organ injury,
are reliant on CT characterization (64–67).

In stable patients, CT scanning may be the initial
definitive examination of the abdomen, whereas with

unstable patients, the FAST examination is now done first
(when available), and if free intra-abdominal blood is seen,
the patient will go to the operating room. Occasionally,
hemodynamically stable patients will receive a FAST exam-
ination that shows free blood in one of the dependent
recesses of the abdomen or pelvis (Fig. 27A), and this will
be followed up with a CT scan of the abdomen, which
should also show the free fluid (Fig. 27B). More importantly,
CTs help determine the likely source of the blood seen with
FAST, as well as the presence of other important injuries.

Figure 26 Focused abdominal sonography for trauma (FAST)

extended right and left thoracic views. (A) The scanning sequence

for the extended FAST is (i) pericardial, (ii) right upper abdominal

quadrant, (iii) right supradiaphragmatic area, (iv) left upper

abdominal quadrant, (v) left supradiaphragmatic area, and (vi)

pouch of Douglas. (B) Demonstrates the normal right supra-

diaphragmatic view. (C) Demonstrates fluid in the right pleural

space. Source: From Ref. 115. Figure 27 Free intraperitoneal blood from liver laceration. (A)

Longitudinal ultrasound images obtained during the focused

abdominal sonography for trauma exam reveal free fluid (��) in

the pelvis posterior to the bladder (designated as “B”). (B) The

computed tomography scan confirms free fluid in the pelvis (��).

(C) demonstrates a laceration of the left lobe of the liver

(arrows) with active arterial extravasation (arrowhead ), which can

be treated by interventional radiology.
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Active hemorrhage is a critical finding identified by CT,
which shows a collection of hyperattenuating fluid, adjacent
to or within a bleeding organ (Fig. 27C) (68). In the case of
active arterial bleeding, interventional radiological tech-
niques can be employed to stop hemorrhage. Once arterial
bleeding is controlled, patients with liver and spleen contu-
sions/lacerations who remain hemodynamically stable are
generally treated nonoperatively, with serial hematocrits in
the SICU.

CT protocols for abdominal trauma require IV contrast
administration, which should be used in all patients unless
contraindicated. Oral contrast, usually given via an NG
tube, is also routinely used, although this is a controversial
issue (see discussion of bowel and mesenteric injuries
below). The primary limitations of CT are the potential
delay in care, which is of particular concern in the unstable
patient, and exposure to ionizing radiation.

Diagnostic Peritoneal Lavage
The utilization of DPL has been dramatically diminished by
the expansion of ultrasound and CT technologies. DPL can
identify as little as 25 mL of blood and can be quickly per-
formed at bedside. Sensitivity for this diagnostic test has
been reported to be as high as 95% (69). Its limitations
include lack of organ specificity for site of hemorrhage,
false-positive results and insensitivity to retroperitoneal
injuries. DPL must be modified in pregnancy, and it is con-
traindicated in late pregnancy and in patients with previous
laparotomies. It is likely that ultrasound and CT will domi-
nate as the main diagnostic modalities for evaluating
abdominal trauma and that DPL will continue to play a sup-
portive role, especially in the scenario where ultrasound or
CT are not available.

Specific Injuries
Intraperitoneal Abdominal Injuries
The intraperitoneal organs most often injured by blunt
trauma are the spleen, liver, biliary tract, bowel and mesen-
tery. As imaging technology has advanced, nonoperative
management of abdominal trauma has become the trend.
CT plays a major role in the management of these patients,
in the acute trauma setting, and in follow-up care.

The spleen is the most commonly injured abdominal
organ from blunt trauma. The spleen injury scale (Table 4),
established by the American Association for the Surgery of

Trauma (AAST) (62), serves as a general guide for staging
and directing operative management. Federle et al. initially
showed that most patients with grade-I and grade-II injures
were successfully treated nonoperatively (70). Surgery was
required for patients with grade III and grade IV splenic inju-
ries in 43% and 93% of cases, respectively (70). Splenic salvage
following blunt abdominal trauma is further discussed in
Volume 1, Chapter 27. All patients with splenic injuries,
even those of low severity, require careful monitoring of
hemodynamic status and serial hematocrits .

Types of splenic injuries (Figs. 28A and B) include sub-
capsular and intraparenchymal hematomas, lacerations, and
vascular pedicle injuries, and are guided as described in
Table 4. Hematomas are hyperattenuating on CT; subcapsu-
lar hematomas occur around the periphery of the spleen and
intraparenchymal hematomas are seen as rounded areas
within the splenic parenchyma. Splenic lacerations are
characterized as linear, branching areas of hypoattenuation
extending varying distances through the enhancing splenic
parenchyma. A vascular pedicle injury manifests as a
spleen that does not enhance with IV contrast (63).

The liver is the second most commonly injured
abdominal organ from blunt trauma. Morphologically, the
CT characteristics of liver lacerations and hematomas
(Fig. 29) resemble those of the spleen. The AAST Liver
Injury Grading System is shown in Table 5. Vascular injuries
can involve the hepatic arteries, juxtahepatic IVC and
hepatic veins. Hepatic arterial injuries are suspected when
there is active extravasation of contrast in or near the liver
and venous injuries are suspected when deep hepatic lacera-
tions extend to these major vascular structures. Liver
lacerations that extend to the porta hepatis may be asso-
ciated with biliary ductal injury. Delayed hemorrhage,
hepatic or perihepatic abscess, post-traumatic pseudoaneur-
ysm, hemobilia, biloma and bile peritonitis are compli-
cations of hepatic injury and are well evaluated with CT
(71). The majority of adults with blunt liver trauma can be
treated without surgery. Angiographic embolization has
been shown to be successful in the treatment of patients
with hepatic arterial hemorrhage (72).

The gallbladder and bile ducts are rarely injured after
blunt abdominal trauma. Associated injuries of the liver,
spleen and duodenum are common. Gallbladder injuries
are classified as contusions, perforations and avulsions. Gall-
bladder laceration should be suspected when the gallblad-
der appears decompressed on CT in a fasting patient.

Table 4 American Association for the Surgery of Trauma Spleen Injury Scale

Gradea Injury description

I Hematoma Subcapsular, nonexpanding, ,10% surface area

Laceration Capsular tear, nonbleeding, ,1 cm parenchymal depth

II Hematoma Subcapsular, nonexpanding, 10–50% surface area; intraparenchymal, nonexpanding, ,5 cm in diameter

Laceration Capsular tear, active bleeding; 1–3 cm parenchymal depth which does not involve a trabecular vessel

III Hematoma Subcapsular, .50% surface area or expanding; ruptured subcapsular hematoma with active bleeding; intrapar-

enchymal hematoma ,5 cm or expanding

Laceration .3 cm parenchymal depth or involving trabecular vessels

IV Hematoma Ruptured intrapenchymal hematoma with active bleeding

Laceration Laceration involving segmental or hilar vessels producing major devascularization (.25% of spleen)

V Laceration Completely shattered spleen

Vascular Hilar vascular injury which devascularizes spleen

aAdvance one grade for multiple injuries up to grade III.

Source: From Ref. 64.
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Pericholecystic fluid and a thickened, enhancing gallbladder
wall are other signs of injury (73).

Bile duct injury can be difficult to demonstrate with CT
but should be suspected if there is a deep liver laceration.
These injuries may be diagnosed and stented using
endoscopic retrograde cholangiopancreatography (ERCP).
Bile leakage is optimally demonstrated with a hepatobiliary
scan, which shows accumulation of a technetium radiophar-
maceutical outside of the biliary tree. Magnetic resonance
cholangiopancreatography (MRCP) may also be helpful in
select patients (73).

Bowel and mesenteric injuries can be difficult to visu-
alize with CT; however, attention to detail will detect most
injuries. The CT features of these injuries include bowel
wall discontinuity, extraluminal oral contrast material, pneu-
moperitoneum, intramural air (pneumatosis), bowel wall
thickening and enhancement, mural hematoma, mesenteric
infiltration, hematoma and triangular mesenteric fluid col-
lections and extravasation of IV contrast from mesenteric
vessels (72,73). Patients with bowel wall contusion or

hematoma usually do not require surgery, while bowel per-
forations are managed surgically.

The use of oral contrast material for abdominal
trauma CT is controversial. Oral contrast facilitates the
detection of bowel injury by filling the lumen, defining
the mucosal surface, depicting bowel wall thickness,
differentiating bowel loops from surrounding structures,
and showing extraluminal extravasation. Controversy
stems from a concern for aspiration of oral contrast and
delay in patient care, due to time needed for the oral con-
trast to travel through the bowel. Stuhlfaut et al. addressed
these issues and concluded that MDCT without oral con-
trast material adequately depicts bowel and mesenteric
injuries. They credit the higher resolution of MDCT,
which allows better depiction of small mesenteric collec-
tions and tiny air bubbles that indicate injury, but may
have previously been missed (74). As with many trauma
protocols, optimal scanning techniques are established
through cooperation between the trauma surgeon and
radiologist.

Extraperitoneal Abdominal Injuries
Pancreatic injuries are uncommon, reported to occur in
0.2% to 12% of blunt trauma victims (63). These injuries
include hematomas, contusions, lacerations, and transec-
tions. The AAST Pancreatic Injury Grading Scheme is
shown in Table 6. CT findings may initially be subtle.
Pancreatic lacerations and fractures manifest as linear, irre-
gular low-attenuation areas within the normal parenchyma
(Fig. 30). Pancreatic contusions and hematomas appear as
focal or diffuse pancreatic enlargement or as contour irregu-
larity. Peripancreatic fluid collections and fat stranding are
seen with these injuries and can allude to the presence of
subtle pancreatic injury. Early detection of main pancrea-

tic duct disruption is essential, as this is the major cause of
delayed complications in patients with pancreatic injury.
The location and depth of the pancreatic laceration or
fracture may help predict pancreatic duct disruption.
MRCP allows direct noninvasive imaging of the pancreatic
duct and can show sites of ductal disruption, whereas
ERCP demonstrates ductal injury and can also be used for
therapeutic stent placement. Complications of ductal injury
include fistula, pseudocyst, abscess, and pancreatitis.
Serial CT scans are frequently indicated to evaluate these
complications (63,73,75).

Figure 29 Liver injury. Axial computed tomography image

through the abdomen after intravenous contrast administration

shows irregular low attenuation extending through the central liver

consistent with a deep laceration.

Figure 28 Splenic injury. (A) Computed tomography (CT) scan

of the abdomen in a patient following blunt abdominal trauma

reveals irregular low-density areas (arrows) consistent with splenic

injury (note oral contrast in stomach). (B) In a separate patient also

involved in blunt abdominal trauma from a motor vehicle collision,

axial CT image performed after intravenous contrast adminis-

tration demonstrates linear and rounded areas of low attenuation

within the spleen consistent with lacerations and parenchymal

hematoma and a peripheral heterogeneous perisplenic hematoma.
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The kidneys are at risk of injury from flank, back, and
lower thoracic trauma. Renal trauma may result in renal con-
tusion, laceration, subcapsular hematoma, shattered kidney,
renal artery occlusion, and renal vein thrombosis. CT
demonstrates the type and severity of parenchymal injury,
the extent of perirenal hemorrhage, renal devascularization,
and urinary extravasation. Unstable patients may require
limited IV urography (“one-shot IVP”) which can be per-
formed in the trauma bay. This examination should
include a scout view followed by radiographs performed
immediately and 5 to 10 minutes after IV contrast injection.
Renal injuries are classified by the AAST into five grades
of severity (Table 7) (66).

Renal contusion is characterized by CT as a focal,
rounded area of decreased enhancement in the renal
parenchyma. Renal lacerations manifest as linear, low-
attenuation areas in the parenchyma and may be superficial
(,1 cm or deep .1 cm in depth). Deep lacerations
may spare (grade 3) or involve (grade 4) the collecting
system (Fig. 31). Subcapsular hematomas are round, hyper-
attenuating fluid collections which surround and flatten the
renal margin. A shattered kidney is one that has been
disrupted by multiple lacerations and scattered infarcted
areas. Active hemorrhage appears as a focal hyperattenu-
ating collection. Urine leaks can be detected when contrast
opacified urine is seen to extend from a lacerated area
around the kidney. Complete traumatic renal infarction
manifests as lack of enhancement of the affected kidney,
retrograde opacification of the renal vein from the IVC
and abrupt termination of the renal arterial lumen. Trau-
matic renal venous thrombosis is suggested by a persistent
nephrogram and reduced opacification of the ipsilateral
renal vein (76).

The majority of renal injuries are contusions and
minor lacerations that can be managed without surgery.
Lacerations with urine leakage in stable patients are
treated with ureteral stenting. Extrarenal urine collections
can be percutaneously drained with CT guidance. Deep
lacerations and mild to moderate degrees of parenchymal
devasuclarization may also be treated conservatively (77).
Active vascular extravasation should be referred for angio-
graphic embolization.

Adrenal hematomas are seen in approximately 2% of
patients who have abdominal CT scans for trauma, and
occur in patients whose associated injuries are relatively

Table 5 American Association for the Surgery of Traumaa Liver Injury Scale

Gradeb Injury description

I Hematoma Subcapsular, nonexpanding, ,10 cm surface area

Laceration Capsular tear, nonbleeding, ,1 cm parenchymal depth

II Hematoma Subcapsular, nonexpanding, 10–50% surface area; intraparenchymal, nonexpanding, ,10 in diameter

Laceration Capsular tear, active bleeding; 1–3 cm parenchymal depth, ,10 cm in length

III Hematoma Subcapsular, .50% surface area or expanding; ruptured subcapsular hematoma with active bleeding; intra-

parenchymal hematoma ,10 cm or expanding

Laceration .3 cm parenchymal depth

IV Hematoma Ruptured intrapenchymal hematoma with active bleeding

Laceration Parenchymal disruption involving 25–75% of hepatic lobe or 1–3

V Laceration Parenchymal disruption involving .75% of hepatic lobe or .3 Couinaud’s segments within a single lobe

Vascular Juxtahepatic venous injuries (i.e., rethrohepatic vena cava/cental major hepatic veins)

VI Vascular Hepatic avulsion

aRevised 1994.
bAdvance one grade for multiple injuries, up to grade III.

Figure 30 Pancreatic laceration. Axial computed tomography

image through the level of the pancreas after intravenous contrast

administration shows a linear lucency extending through the body

of the pancreas (arrow) consistent with a laceration.

Table 6 American Association for the Surgery of Trauma

Pancreatic Organ Injury Scale

Gradea Injury descriptionb

I Hematoma Minor contusion without duct injury

Laceration Superficial laceration without duct

injury

II Hematoma Major contusion without duct injury

or tissue loss

Laceration Major laceration without duct injury or

tissue loss

III Laceration Distal transection or parenchymal

injury with duct injury

IV Laceration Proximal (to right of superior mesen-

teric vein) transection or parenchy-

mal injury

V Laceration Massive disruption of pancreatic head

aAdvance one grade for multiple injuries same organ.
bBased on the most accurate assessment at autopsy, laparatomy, or radiolo-

gic study.

Source: From Ref. 65.
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more severe. They appear as round or oval hyperattenuating
masses that expand the adrenal gland (78). Associated injury
of the IVC is rare, but can result in massive hemorrhage. This
should be suspected if CT demonstrates a retroperitoneal

hematoma around the IVC, or when the IVC appears irregu-
lar in contour. Active extravasation of blood from the IVC
may also be demonstrated (79).

Pelvic Trauma
Enormous forces are required to fracture the pelvic bones,
especially in young, healthy individuals. Pelvic ring disrup-
tion is frequently associated with major soft tissue, visceral,
and vascular damage. Significant pelvic trauma can result in
massive hemorrhage even without fracture (80). Posterior
pelvic fractures involving the sacrum and SI joints are associ-
ated with disruption of the superior gluteal artery, which can
lead to massive hemorrhage (81,82).

Anatomy
The pelvic ring consists of three bones, the sacrum, ischium,
and ilium (Fig. 32). The ischium and ilium are fused with the
pubic bones to form the innominate bones. The sacrotuber-
ous and sacrospinous ligaments and the sacroiliac joints
strengthen and stabilize the pelvis posteriorly, and the sym-
physis pubis serves as an anterior strut. The iliac arteries and
veins and a rich venous plexus are located immediately
anterior to the sacrum and SI joints. The hip is composed
of the acetabulum articulating with the femoral head.
Pelvic organs include the sigmoid colon, rectum, bladder,

Table 7 American Association for the Surgery of Trauma Urologic Injury Scale

Gradea Injury descriptionb

Renal injury scale

I Contusion Microscopic or gross hematuria; urologic studies normal

Hematoma Subcapsular, nonexpanding without parenchymal laceration

II Hematoma Nonexpanding perirenal hematoma confined to the renal retroperitoneum

Laceration ,1 cm parenchymal depth of renal cortex without urinary extravasation

III Laceration ,1 cm parenchymal depth of renal cortex without collecting system rupture or urinary extravasation

IV Laceration Parenchymal laceration extending through the renal cortex, medulla, and collecting system

Vascular Main renal artery or vein injury with contained hemorrhage

V Laceration Completely shattered kidney

Vascular Avulsion of renal hilum which devascularizes kidney

Ureter injury scale

I Hematoma Contusion or hematoma without devascularization

II Laceration �50% transection

III Laceration �50% transection

IV Laceration Complete transection with 2 cm devascularization

V Laceration Avulsion of renal hilum which devascularizes kidney

Bladder injury scale

I Hematoma Contusion, intramural hematoma

Laceration Partial thickness

II Laceration Extraperitoneal bladder wall laceration �2 cm

III Laceration Extraperitoneal (.2 cm) or intraperitoneal (�2 cm) bladder wall lacerations

IV Laceration Intraperitoneal bladder wall laceration �2 cm

V Laceration Intra- or extraperitoneal bladder wall laceration extending into the bladder neck or ureteral orifice (trigone)

Urethral injury scale

I Contusion Blood at urethral meatus; urethrography normal

II Stretch injury Elongation of urethra without extravasation on urethrography

III Partial disruption Extravasation of urethrographic contrast medium at injury site, with contrast visualized in the bladder

IV Complete disruption Extravasation of urethrographic contrast medium at injury site without visualization in the bladder; ,2 cm

of urethral separation

V Complete disruption Complete transection with .2 cm urethral separation, or extension into the prostate or vagina

aAdvance one grade for multiple injuries same organ.
bBased on the most accurate assessment at autopsy, laparatomy, or radiologic study.

Source: From Ref. 66.

Figure 31 Liver and kidney injury. Computed tomography scan

shows liver injury (arrows) and a shattered right kidney (K) with

large surrounding hematoma (��).
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and in females, the ovaries and uterus. All are susceptible to
significant injury with pelvic trauma.

Classification of Pelvic Fractures
Forces applied to one segment of the bony pelvic ring will
necessarily disrupt the opposite, contralateral segment of
the pelvis. Pelvic fractures have been classified in order to
direct treatment, predict prognosis and standardize com-
munication. These classifications include Letournel’s,
based on site of injury (83); Bucholz’s, based on autopsy
specimens (84); and Young and Burgess’, based on mechan-
ism of injury (Volume 1, Chapter 28). The latter is useful
in identifying fractures associated with potentially life-
threatening exsanguinations (85).

Tile’s classification addresses both mechanism of
injury and fracture stability (86). According to this classifi-
cation, three mechanisms are used to describe the direction
of traumatic force sustained by the pelvis: AP compression,
lateral compression, and shear (Fig. 33A and B). AP com-
pression type III fractures, lateral compression type II
and III fractures, and vertical shear injuries are considered
unstable fractures, and are associated with massive
hemorrhage. AP compression injuries are often associated
with concomitant brain, abdominal, visceral, and pelvic
injuries. Lateral compression fractures are associated with
traumatic brain injury and visceral organ damage. Vertical
shear injuries often lead to death from multi-trauma,
including head trauma, visceral organ injury, and pelvic
hemorrhage (87).

Acetabular injuries accompany pelvic ring disruption
in approximately 15% of cases. These fractures may be
difficult to see on conventional radiographs and
oblique (Judet) views may be necessary (see Volume 1,

Chapter 28). Eighty-five percent of hip dislocations are
posterior and are the result of high impact trauma, mostly
from motor vehicle accidents. Associated injures include
femoral head, femoral shaft, and patellar fractures. Eight
percent of anterior dislocations are complicated by avascular
necrosis of the femoral head (21). Hip dislocation is well
demonstrated with radiography but CT is usually performed
to identify occult fractures.

Isolated proximal femoral fractures are most often
seen in elderly and osteoporotic women sustaining relatively
minor trauma. Fractures are classified as intracapsular, sub-
capital, intertrochanteric, and subtrochanteric. Intracapsular
fractures are prone to nonunion and avascular necrosis of
the femoral head (88).

Diagnostic Imaging of Pelvic Trauma
A single AP radiograph of the pelvis is obtained during

the initial evaluation of the patient when emergent surgical
intervention is likely. Interpretation of the pelvic radio-
graph requires a systematic approach. Attention should be
directed at the bilateral superior and inferior pubic rami
and the obturator rings, which compose the anterior
pelvis. The pubic rami should appear symmetric bilaterally.

Figure 32 Normal pelvic radiograph. Normal anterior–posterior

view of the pelvis shows normal, symmetric sacroiliac joints

(arrowheads), well-defined sacral arcuate lines (black arrows),

symmetric obturator rings (O) and an aligned symphysis pubis

(white arrow).

Figure 33 Pelvic fracture. (A) Anterior–posterior view of the

pelvis demonstrates fractures through bilateral superior and

inferior pubic rami and an irregularity of the left sacroiliac joint.

(B) Axial computed tomography scan of the pelvis (bone windows)

in the same patient shows widening of the left sacroiliac joint (�)

and a fracture through the left side of the sacrum.
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The iliopectineal lines and ilioischial lines around the aceta-
bulum should be contiguous. The obturator rings should
maintain a smooth contour. Visualization of an anterior frac-
ture should prompt careful search for a posterior fracture.
Normally, the sacroiliac joints are uniform and the cortical
margins are well defined. The sacral arcuate lines are nor-
mally contiguous and symmetric. CT is performed for preo-
perative planning and to identify associated organ injury
and is indicated in most acetabular fractures, hip dislo-
cations, sacral injuries and unstable pelvic fractures.

Management of patients with pelvic fractures includes
fracture stabilization, reduction in pelvic volume and control
of arterial hemorrhage (Volume 1, Chapter 28). Fracture stabil-
ization and reduction of pelvic volume can help to diminish
venous bleeding. Unstable patients with arterial bleeding,
usually from branches of the internal iliac arteries, require
angiographic embolization (89–91). Intra-abdominal injuries
occur in 16% to 26% of patients with pelvic fractures and in
55% of patients with unstable fractures (85) and additional
attention must be directed toward managing these injuries.

Organ Injury in Pelvic Trauma
Pelvic trauma is commonly associated with injuries of the
bladder and urethra. Bladder injuries include hematoma
and rupture, which may be intraperitoneal or extraperito-
neal. Bladder injuries are diagnosed using both conven-
tional and CT cystography and require a Foley catheter, the
placement of which relies on an intact urethra. Urethral
tears are suspected at presentation if blood is observed at
the urethral meatus or the prostate is elevated on physical
exam, and are diagnosed with urethrography (see below).
Foley catheter placement should not be attempted in these
patients until urethral tear has been excluded.

The extravasation of urine from a ruptured bladder
can be detected only when the bladder has been adequately
distended. Cystography is performed after instillation of 350
to 400 mL of 30% contrast into the bladder through a Foley
catheter. If CT is done for the evaluation of pelvic fracture,
a suspected bladder injury can be diagnosed with CT cysto-
graphy, which uses an equal volume of 4.4% bladder con-
trast media.

Extraperitoneal bladder rupture accounts for 80% to
90% of cases and may result from shearing forces at the
bladder base or from injury to the anterior bladder wall by
pelvic fracture fragments. The diagnosis is made when con-
trast opacified urine is detected in the prevesicle space of
Retzius, (a potential space between the transversalis fascia
and parietal peritoneum), with potential dissection into the
perineum, scrotum, thighs, and anterior abdominal wall.
Contrast outlining adjacent bowel or collecting in the depen-
dent peritoneal recesses is diagnostic of intraperitoneal
bladder rupture (92).

Urethral injury should be suspected in any male patient
with pelvic ring disruption. Diagnosis of urethral disrup-
tion is accomplished with retrograde urethrography.
The male urethra is divided anatomically into the anterior
urethra, which contains the penile and bulbar segments,
and the posterior urethra, which contains the membranous
and prostatic segments (93). Straddle injuries disrupt the
anterior urethra, while pelvic crush injuries damage the pos-
terior urethra. Urethrography reveals anterior tears by
demonstrating extravasation of contrast medium below the
urogenital diaphragm with potential dissection into the
scrotum, penis, and thigh. Posterior urethral tears are more

difficult to detect and may mimic extraperitoneal bladder
rupture (94).

Extremity Trauma
Anatomy
The upper extremity includes the shoulder (scapula and
acromioclavicular joint), distal clavicle, humerus, radius
and ulna, and bones of the wrist and hand. The lower extre-
mity includes the hip (acetabulum and femoral head),
femoral shaft, knee, tibia and fibula, and bones of the
ankle and foot. Large neurovascular bundles are contained
within the muscle masses of extremities and are at risk of
damage with traumatic insults. Neurovascular injuries
must be rapidly diagnosed and treated to prevent perma-
nent limb injury or limb loss. Extremity injuries are
thoroughly reviewed in Volume 1, Chapter 29.

Diagnostic Imaging
Extremity injury is well evaluated with conventional radio-
graphs. Joints are optimally evaluated with three radio-
graphic views while long-bone fractures require at least
two views. CT is used to diagnose a clinically suspected frac-
ture that is radiographically occult, for evaluating complex
fractures, and for preoperative planning. Conventional
angiography has served as the gold standard for diagnosing
associated arterial injuries. However, MDCT radiography is
now widely used, and duplex ultrasound is also extremely
accurate and can be performed at the bedside. Extremity
MRI is not usually performed in the acute setting but is
the imaging modality of choice for the evaluation of tears
of ligaments, tendons and muscles, suspected osteomyelitis,
deep tissue abscess, and avascular necrosis.

Upper Extremity
Scapular fractures result from substantial trauma, frequently
crushing injuries of the chest. Associated serious injuries
should be suspected, including pulmonary contusion, pneu-
mothorax, hemothorax, TBI and SCI, or unstable spinal
fracture (95). Scapulothoracic dissociation is a closed

forequarter amputation, caused by significant force, which
results in neurovasuclar compromise from injuries of the
brachial plexus, subclavian nerves, and subclavian and
axillary arteries. Peripheral pulses may be preserved
through collateral circulation. Radiographs and CT show
lateral displacement of the scapula, separation of the
acromioclavicular joint and fractures of the clavicle (96,97).

Anterior and posterior shoulder dislocations are
common in upper extremity trauma. Clavicular fractures
may be associated with injury to the neck, thorax, and
upper arm and underlying neurovascular structures may
be severely damaged. Humeral fractures are often associated
with major hemorrhage and neurovascular injury.

Lower Extremity
The femur is considered the longest and strongest bone in
the body. Significant force is required to fracture the
femoral shaft, especially in young, healthy individuals (89).
Up to 50% of femoral shaft fractures are associated with
injury to other organ systems. Injuries of the lower extremity
may be associated with significant occult blood loss. Several
liters of blood can be contained within the fascial compart-
ments of the upper leg without overt symptoms or substan-
tial findings on physical exam (88).
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Complications of Extremity Injuries
Bone marrow or fat embolism may complicate long-bone
fractures. Disruption of the fatty marrow cavity and bleed-
ing release marrow elements into the bloodstream, which
can embolize to the pulmonary arteries (98). Fat embolism
syndrome generally becomes evident 12 to 72 hours postin-
sult. Signs and symptoms include hemorrhagic petechiae
across the upper thorax, neurological changes, dyspnea,
hypoxia, fever, and cardiopulmonary collapse. Microscopic
lipid globules in the pulmonary vasculature and arterioles
and capillaries throughout the body cause a foreign body
reaction, chemical pneumonitis, and vascular obstruction.
Pulmonary edema, tissue ischemia, and necrosis are late
sequelae.

Deep venous thrombosis (DVT) and PE occur with
alarming frequency in patients sustaining skeletal injuries
and in patients requiring immobilization for as little as
24 hours (see Volume 2, Chapter 56). U.S. is the primary
tool for the evaluation of suspected DVT. Early repair of
unstable fractures, use of serial compression lower extremity
stockings to reduce venous stasis, subcutaneous heparin,
and early mobilization all play a role in the prevention of
DVT and sequelae. If the above measures are contraindicated
or when the risk of PE is significant, prophylactic place-
ment of an inferior vena caval filter is recommended (see
Volume 2, Chapter 56) (99). PE is usually diagnosed with
contrast-enhanced helical CT of the chest with scanning
during the arterial phase.

Trauma in Pregnancy
Motor vehicle accidents, penetrating trauma, and domestic
violence are the leading causes of morbidity and mortality
in the pregnant female. The gravid uterus absorbs the
majority of frontal insults in blunt and penetrating trauma.
Hypovolemia, shock, and exsanguination are the primary
causes of maternal morbidity and mortality. Fetal demise is
most often the result of maternal shock, abruption, or
preterm labor (see Volume 1, Chapter 38).

The fundamental principle in the management of the
pregnant trauma patient is that fetal survival is not possible
without maternal survival. With few exceptions, priority is
given to stabilizing the mother’s condition. Even minor
trauma, including extra-abdominal trauma, can lead to
fetal death and, therefore, close monitoring of both mother
and fetus is required. The mother should be kept in the left
lateral decubitus position to allow venous return through
the IVC (100).

Optimal management of the pregnant trauma patient
requires diagnostic imaging. Initial imaging studies may
include a single chest radiograph, supine and left lateral decu-
bitus views of the abdomen, and a lateral view of the cervical
spine. These should be followed by ultrasound of the
fetus and maternal abdomen. CT can be performed in the
diagnostic work-up of the pregnant trauma patient, giving
rapid assessment of abdominal organ injury and placental
and uterine abnormalities.

Often, there is hesitation to perform diagnostic
imaging studies in pregnancy because of concern of radi-
ation exposure to the unborn child. Properly performed
imaging studies result in only low-dose exposure to the
fetus. In situations in which the patient’s life can be saved,
the necessary diagnostic procedures should be performed
without hesitation. CT technique can be tailored to decrease
the amount of radiation delivered to the fetus. Greater
concern arises for the severely injured pregnant patient,

who may require relatively higher dose imaging procedures,
mainly serial CT scans and angiography. In these patients,
radiation exposure should be closely monitored by means
of a thermoluminescent dosimeter (TLD) positioned over
the maternal abdomen and detailed recording of technical
exposure parameters. Angiography is performed with
close attention to technical factors including beam collima-
tion and exposure time (101).

US is an excellent imaging modality for the preg-
nant female and is used to assess fetal viability, placental
separation, oligohydramnios, fetal arrhythmias, and occult

uterine hemorrhage. Should the mother require surgery,
continuous intraoperative monitoring of the fetal heart rate
(FHR) is performed by placement of a sterile Doppler
probe either internally or externally over the gravid uterus.
Postoperatively, FHR and uterine monitoring should be
continued for a minimum of 24 hours, as there is a high
incidence of premature labor in the traumatized or surgical
pregnant female.

Pediatric Trauma
Trauma, especially vehicular injury, is the leading cause of
death in the pediatric population. Domestic violence, acci-
dental injuries, self-inflicted injuries, and child abuse are
additional causes of traumatic morbidity and mortality in
children. The child’s smaller size and immature develop-
ment, both physical and mental, lead to a different
injury pattern than seen in adults (Volume 1, Chapter 36).
Imaging studies are more difficult to perform because of
fear and the child’s inability to cooperate or communicate.
In addition, some radiographic findings that signify patho-
logical conditions in adults may be normal in children
(101). As with all patients, excessive radiation exposure
must be avoided and susceptible organs (such as genitalia
and long bones) should be protected with shielding.

Spinal Injury
C-spine injuries in children are usually seen in the upper cer-
vical region owing to the unique biomechanics and anatomy
of the pediatric C-spine. Several anatomic variants exist that
can make interpretation of the C-spine radiograph difficult.
These variants include pseudosubluxation, absence of cervi-
cal lordosis, normal vertebral body wedging, widening of
the predental space, prevertebral soft tissue widening, inter-
vetrebral widening, and pseudo-Jefferson fracture.

Pseudosubluxation, forward displacement of C2 on
C3, was first described by Bailey in 1952 (102). A
normal finding in children under the age of eight, C2–C3
pseudosubluxation resembles pathological subluxation of
adults. Pseudosubluxation in the pediatric population
is attributed to immature development of the joints of
Luschka. Laxity of anterior and posterior ligaments widens
the distance between the anterior arch of C1 and the odon-
toid process of C2. The average distance between C1 and
C2 in adults is 3 mm and in children 2 to 5 mm is considered
normal. Epiphyseal growth centers in the odontoid
process of C2 can resemble odontoid fractures. Second-
ary centers of ossification of the spinous processes can mimic
avulsion fractures (27). Knowledge of normal variants in chil-
dren is imperative for accurate radiographic interpretation.

SCI is rare in children from infancy to age 16. A child’s
spine is softer and more pliable than that of an adult.
Anterior wedging, flattened facet joints, and flexible,
loose ligamentous attachments characterize the pediatric
spine, giving it greater mobility and elasticity. Significant
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neurological injuries are much less common in children than
adults.

Spinal cord injury without radiographic abnormality
(SCIWORA) is defined as an SCI with no abnormality
depicted by conventional radiography or CT. This condition
is likely related to a transient ligamentous deformation of the
cervical spine. The spinal cord can be severely disrupted
even with apparently normal radiographs (103). There may
be transient paresthesias, numbness, or actual paralysis.
The prognosis is grim with the majority of children perma-
nently disabled. It is imperative that any child with neuro-
logical findings, despite seemingly normal radiographs, be
fully investigated and protected with spine stabilization
until vertebral or SCI has been excluded. These cases are
ideally evaluated with MRI, which demonstrates cord
signal abnormality at the level of injury.

The most common symptoms of C-spine injury are
pain and torticollis. Depending on clinical presentation
and radiographic findings, CT may be required to comple-
tely evaluate the C-spine. CT with mulitplanar reconstruc-
tion has a crucial role in the assessment of C-spine injury.
MDCT allows fast acquisition of high resolution images
with increased spatial resolution and decreased need for
sedation. MR imaging is required to evaluate for SCI.

Long-Bone Injuries
Long-bone injuries, especially physeal plate injuries, are
common in children. Trauma to proximal or distal ends of
long bones may disrupt the growth plates with potentially
long-term and devastating disability. The long bones of
children are characterized by cartilaginous growth at the
physis. Active mitosis permits elongation and remodeling
of the long bones until late adolescence when endochondrial
ossification converts cartilage to bone. Interference with the
growth plate causes deformities and abnormalities in length.

Salter and Harris (104) first classified physeal plate
injuries in children and this classification of fractures
remains in wide use today (Fig. 34). Salter–Harris type I
and II injuries rarely cause deformity. Disability after type
III injury is variable depending upon the degree of damage
to the physeal vascular supply. Type IV and V injuries
often cause significant growth disturbances.

Child Abuse
Domestic violence of infants and children is a continuing

cause of traumatic injury in the pediatric population.
Physically abused children are considered victims of major
trauma and are managed as such. Diagnostic imaging
plays a pivotal role in the identification of child abuse, and
may provide the most convincing evidence of abuse (105).
The battered child syndrome (BCS) was first described in
1962 by Kempe et al. (106) to define deliberate physical
abuse, neglect, and psychological deprivation of children.
BCS is characterized by intentional injury inflicted by a
parent, guardian, or close acquaintance. Retinal hemorrhage,
perioral injury, soft tissue trauma, ruptured internal viscera
without evidence of blunt trauma, genital or anal injuries,
cigarette burns, bites, rope marks, sharply demarcated
burns caused by dunking into scalding water, and other
bizarre markings may be presenting physical signs. The
sustained injuries can be fatal. Suspicion of abuse demands
a full radiographic workup.

Imaging findings that are unique to child abuse
include multiple rib fractures in an infant, extremity frac-
tures, particularly metaphyseal and spiral fractures in

infants, interhemispheric extraaxial hemorrhage, shear type
brain injury, vertebral compression fracture and small
bowel hematoma, and laceration (107).

Metaphyseal fractures occur in the distal femur, prox-
imal and distal tibia and proximal humerus, and are almost
always seen in children under two years old. These fractures
result from a violent to and fro shaking that applies shearing
forces to the vulnerable area of the metaphysis (107). Spiral
long-bone fractures are unusual in infants and indicate a
mechanism of injury from violent twisting forces. Rib frac-
tures in infants are highly suspicious for abuse and result
from a very tight hold around the infant chest with an
extreme squeezing force by the abusive adult. Any vertebral
fracture encountered without good accidental explanation is
suggestive of abuse (107).

Subdural and subarachnoid hemorrhages are common
injuries resulting from child abuse. EDH and skull fracture
are more commonly related to accidental injury and there-
fore not specific to child abuse. The small bowel and pan-
creas are the abdominal organs most often injured by abuse.

EYE TOTHE FUTURE

Over the last three decades, there has been a dramatic shift
away from surgical exploration toward nonoperative and
minimally invasive techniques for both diagnosis as well
as definitive treatment, including emergent angiographic
embolization for the management of life-threatening hemor-
rhage (108). Improvement in the quality, range, and speed
attributable to such noninvasive modalities in concert with
recent “damage control” surgical doctrine, has improved
care of trauma patients (109). This has also decreased the
number of patients presenting to the OR, shifting these

Figure 34 Salter–Harris (SH) classification of pediatric frac-

tures associated with the growth plate. The diagram illustrates

the various fracture lines that constitute the various SH injuries.

The SH-I fracture is through the physis without any involvement

of the metaphysis or epiphysis. The SH-II fracture is through

the metaphysis (M) and the physis. The SH-III fracture is

through the epiphysis (E) and the physis. The SH-IV fracture is

a contiguous fracture through the epiphysis, the physis, and the

metaphysis (ME). The SH-V fracture is a crush or “impaction”

injury of the physis. Source: Courtesy of Ref. 116.
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patients, instead, to the SICU. Patients that do go directly to
the OR are generally suffering from injuries of a higher acuity.

Advances made in the use of the FAST exam have
revolutionized the initial trauma evaluation, and will likely
evolve into devices with increased tissue penetration and
improved image clarity (110).

CT has emerged as the key imaging modality in the rela-
tively stable trauma patient and has greatly contributed to the
management of thoracic and abdominal trauma, decreasing
the number of angiograms performed for potential aortic
injury and enabling a trend toward nonoperative management
of most traumatic abdominal injuries. There is a high likelihood
that future trauma patients will undergo a total body spiral CT
scan upon admission to the trauma bay. This would likely be
associated with or followed by a FAST exam associated with
secondary evaluation of certain lesions (111).

SUMMARY

Diagnostic imaging and interventional radiology are corner-
stones of management of the trauma patient. In the acutely
unstable patient, resuscitative measures and emergent
surgery take precedence over imaging. Only screening
studies such as an AP film of the chest, FAST exam of the
abdomen, or single-shot IVP may be indicated to identify
life-threatening injuries not evident on physical exam. In
the more stable patient, other imaging studies may be
obtained. If skilled interventional radiologists are available,
angiography may often preclude the need for risky surgical
procedures via embolization, angioplasty, and stenting. In
the stable or nonacute patients, more complicated studies
such as MRI may be essential in diagnosing and directing
care. Knowledge of the advantages, disadvantages, and limit-
ations of each given modality, as well as potential compli-
cations, must be known by all members of the trauma team
to maximize image quality and improve patient outcome.

KEY POINTS

Individuals should maintain a distance of .2 m from a
portable radiograph machine during exposure, and lead
aprons should be worn by those standing any closer.
All patients at high risk for contrast-induced nephropa-
thy should be well hydrated prior to receiving intrave-
nous (IV) contrast and should receive N-acetylcysteine
(mucormist) for 12 to 24 hours pre- and post-contrast.
In addition, concomitant sodium bicarbonate loading
should be considered.
Per ATLS protocol, three screening radiographs are rec-
ommended during the initial evaluation of the trauma
victim in the emergency department: an anteroposterior
(AP) view of the chest, an AP view of the pelvis, and a
cross-table lateral view of the cervical spine (C-spine).
Multiple radiographic views are required for complete
evaluation of the C-spine, and CT scanning is increas-
ingly utilized for this task.
Level-I trauma centers in the United States are required
to have X-ray capabilities in the TRS, and both X-ray
and fluoroscopic capabilities in the OR.
CT is the imaging modality of choice in evaluating
acute TBI.
In adults, the typical radiographic evaluation of the
C-spine consists of three films: lateral, AP, and odontoid
views.

The trauma patient should be considered at high risk
for C-spine fracture when the mechanism of injury is
severe, when there are multiple injuries, decreased
mental status, and/or intoxication.
An evaluation of the chest X-ray should be undertaken
immediately to identify potentially life-threatening
injuries.
Patients with suspected mediastinal hemorrhage based
on mechanism and radiographic findings should
undergo further imaging with CT or angiography.
Pulmonary contusion is characterized radiographically
by a patchy, nonsegmental parenchymal opacity.
Injury to the first three ribs is associated with pulmon-
ary, tracheobronchial, and vascular injuries.
Fractures of the ninth through twelfth ribs are
associated with splenic, hepatic, and diaphragmatic
injury.
Extra-anatomic air is present nearly 90% of the time on
chest radiography. However, diagnosis of airway injury
is usually made by fiberoptic bronchoscopy.
Esophageal disruption is diagnosed with an
esophagogram, which demonstrates extravasation of
water-soluble contrast during fluoroscopic observation.
The purpose of FAST is to identify free abdominal fluid,
which, in the acute setting, likely represents hemoperi-
toneum.
U.S. is highly operator-dependent and can be difficult
to master without considerable experience.
All patients with splenic injuries, even those of low
severity, require careful monitoring of hemodynamic
status and serial hematocrits.
Liver lacerations that extend to the porta hepatis may
be associated with biliary ductal injury.
Patients with bowel wall contusion or hematoma
usually do not require surgery, while bowel perfor-
ations are managed surgically.
Early detection of main pancreatic duct disruption is
essential, as this is the major cause of delayed compli-
cations in patients with pancreatic injury.
A shattered kidney is one that has been disrupted by
multiple lacerations and has scattered infarcted areas.
A single AP radiograph of the pelvis is obtained during
the initial evaluation of the patient when emergent sur-
gical intervention is likely.
Bladder injuries are diagnosed using both conventional
and CT cystography and require a Foley catheter, the
placement of which relies on an intact urethra.
Diagnosis of urethral disruption is accomplished with
retrograde urethrography.
Scapulothoracic dissociation is a closed forequarter
amputation, caused by significant force, which results
in neurovasuclar compromise from injuries of the bra-
chial plexus, subclavian nerves, and subclavian and
axillary arteries.
U.S. is an excellent imaging modality for the pregnant
female and is used to assess fetal viability, placental
separation, oligohydramnios, fetal arrhythmias, and
occult uterine hemorrhage.
A normal finding in children under the age of eight,
C2–C3 pseudosubluxation resembles pathological
subluxation of adults.
Epiphyseal growth centers in the odontoid process of
C2 can resemble odontoid fractures.
Domestic violence of infants and children is a
continuing cause of traumatic injury in the pediatric
population.
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29. Nuñez D, Zuluaga A, Fuentes-Bernardo D, Rivas L,
Becerra J. Cervical spine trauma: how much more do we
learn by routinely using helical CT? RadioGraphics 1996;
16:1307–1318.

30. Sliker C, Mirvis S, Shanmuganathan K. Assessing cervical
spine stability in obtunded blunt trauma patients: review of
medical literature. Radiology 2005; 234:733–739.

31. Harris JH, Edeiken-Monroe B. The radiology of acute cervical
spine trauma, 2nd ed. Baltimore: Williams & Wilkins, 1987.

32. Harris JH. Acute injuries of the spine. Semin Roentgenol 1978;
13(1):53–68.

33. Mirvis SE. Imaging of cervical spine trauma. In: Mirvis SE,
Shanmuganathan K, eds. Imaging in Trauma and Critical
Care. 2nd ed. Baltimore: Saunders, 2003:185–295.

34. Burke DC. Hyperextension injuries of the spine. J Bone Joint
Surg [Br] 1971; 53(1):3–11.

35. Reid AB, Letts RM, Black GB. Pediatric chance fractures:
association with intraabdominal injuries and seatbelt use. J
Trauma 1990; 30(4):384–391.

36. Asbun HJ, Irani H, Roe EJ. Intra-abdominal seat belt injury. J
Trauma 1990; 30(2):189–193.

37. Anderson PA, Rivara FP, Maier RV, Drake C. The epidemiology
of seatbelt-associated injuries. J Trauma 1991; 31(1):60–67.

38. Reddy K, Furer M, West M, Hamonic M. Carotid artery dissec-
tion secondary to seatbelt trauma: case report. J Trauma 1990;
30(5):630–633.

39. Wintermark, M, Mouhsine E, Theumann N, et al. Thoracolum-
bar spine fractures in patients who have sustained severe
trauma: depiction with multi-detector CT. Radiology 2004;
227:681–689.

40. Mirvis SE. Diagnostic Imaging of thoracic trauma. In: Mirvis
SE, Shanmuganathan K, eds. Imaging in Trauma and Critical
Care. 2nd ed. Baltimore: Saunders 2003:297–367.

41. Tocino IM, Miller MH, Fairfax WR. Distribution of pneu-
mothorax in the supine and semirecumbent critically ill
adult. Am J Roentgenol 1985; 144(5):901–905.

42. Moskowitz PS, Griscom NT. The medial pneumothorax. Radi-
ology 1976; 120(1):143–147.

43. Gordon R. The deep sulcus sign. Radiology 1980; 136(1):25–
27.

44. Wall S, Federle M, Jeffrey R, Brett C. CT diagnosis of unsus-
pected pneumothorax after blunt abdominal trauma. AJR
1983; 141:919–921.

45. Schild H, Strunk H, Weber W, et al. Pulmonary contusion: CT
vs. plain radiographs. J Comput Assist Tomogr 1989; 13:417–
420.

46. Kattan KR. Trauma of the bony thorax. Semin Roentgenol 1978;
13(1):69–77.

47. Fabian TC, Mangiante EC, Patterson CR, Payne LW, Isaacson
ML. Myocardial contusion in blunt trauma. Clinical character-
istics, means of diagnosis and implications for patient manage-
ment. J Trauma 1988; 28(1):50–57.

48. Chelly MR, Margulies DR, Mandavia D. The evolving role of
FAST scan for the diagnosis of pericardial fluid. J Trauma
2004; 56(4):915–917.

Chapter 16: Diagnostic Imaging for Trauma 321



49. Mirvis SE. Diagnostic imaging of thoracic trauma: a review,
part two. Panam J Trauma 1990; 2:12–25.

50. Demetriades D, Levy R, Hatzitheofilou C, Chun R. Tension
pneumopericardium following penetrating trauma: case
report. J Trauma 1990; 30(2):238–239.

51. Fuhrman GM, Stieg FH, Buerk CA. Blunt laryngeal trauma:
classification and management protocol. J Trauma 1990;
30(1):87–92.

52. Nahum AM. Immediate care of acute blunt laryngeal trauma. J
Trauma 1969; 9(2):112–125.

53. Mason A, Mirvis S, Templeton P. Imaging of acute tracheobron-
chial injury: review of the literature. Emerg Radiol 1994; 1:250–
260.

54. Gussack GS, Jurkovich GJ, Luterman A. Laryngotracheal
trauma: a protocol approach to a rare injury. Laryngoscope
1986; 96(6):660–665.

55. Micon L, Geis L, Siderys H, Stevens L, Rodman HG Jr. Rupture
of the distal thoracic esophagus following blunt trauma: case
report. J Trauma 1990; 30(2):214–217.

56. Freeman T, Fischer RP. The inadequacy of peritoneal lavage in
diagnosing acute diaphragmatic injury. J Trauma 1976;
16(7):538–542.

57. Carter JW. Diaphragmatic trauma in southern Saskatchewan—
an 11-year review. J Trauma 1987; 27(9):987–993.

58. Wiencek RG Jr, Wilson RF, Steiger Z. Acute injuries of the dia-
phragm: an analysis of 165 cases. J Thorac Cardiovasc Surg
1986; 92(6):989–993.

59. Shanmuganathan K, Killeen K, Mirvis Se, White CS. Imaging
of diaphragmatic injuries. J Thorac Imaging 2000; 15(2):104–
111.

60. Warwick R, Williams PL, eds. Grays Anatomy, 35th ed.
London: Longman, 1973.

61. Novelline RA, Squire LF. Living anatomy: a working atlas
using CT, MR, and angiography images. Philadelphia:
Hanley & Belfus, 1987.

62. Chiu WC, Cushing BM, Rodriguez A, et al. Abdominal injuries
without hemoperitoneum: a potential limitation of focused
abdominal sonography for trauma (FAST). J Trauma 1997;
42(4):617–623.

63. Shanmuganathan K, Killeen KL. Imaging of abdominal trauma.
In: Mirvis SE, Shanmuganathan K, eds. Imaging in trauma and
critical care. 2nd ed. Baltimore: Saunders 2003:369–481.

64. Moore EE, Cogbill TH, Jurkovich GJ, Malangoni MA, et al.
Organ injury scaling: spleen and liver (1994 revision). J
Trauma 1995; 38:323–324.

65. Moore EE, Cogbill TH, Malangoni, MA, et al. Organ injury
scaling II: pancreas, duodenum, small bowel, colon and
rectum. J Trauma 1990; 30:1427.

66. Moore EE, Shakford SR, Patcher HL, et al. Organ injury scaling:
spleen, liver and kidney. J trauma 1989; 29:1664.

67. Taylor CR, Degutis L, Lange R, Burns G, Cohn S, Rosenfield
A. Computed tomography in the initial evaluation of hemody-
namically stable patients with blunt abdominal trauma: impact
of severity of injury scale and technical factors on efficacy. J
Trauma 1998; 44:893–901.

68. Fang JF, Chen RJ, Wong YC, et al. Pooling of contrast material
on computed tomography mandates aggressive management
of blunt hepatic injury. Am J Surg 1998; 176:315–319.

69. Day AC, Rankin N, Charlesworth P. Diagnostic peritoneal
lavage: integration with clinical information to improve diag-
nostic performance. J Trauma 1992; 32:52–57.

70. Federle MP, Courcoulas AP, Powell M, Ferris JV, Peitzman AB.
Blunt splenic injury in adults: clinical and CT criteria for man-
agement, with emphasis on active extravasation. Radiology
1998; 206:137–142.

71. Yoon W, Jeong, YY, Kim, FK, et al. CT in blunt liver trauma.
RadioGraphics 2005: 25:87–104.

72. Wahl WL, Ahrns KS, Brandt M, et al. The need for early angio-
graphic embolization in blunt liver injuries. J Trauma 2002;
52:1097–1101.

73. Gupta A, Stuhlfaut JW, Fleming KW, Lucey BC, Soto JA. Blunt
trauma of the pancreas and biliary tract: a multimodality imag-
ing approach to diagnosis. Radiographics 2004; 24:1381–139.

74. Stuhlfaut JW, Soto JA, Lucey BC, et al. Blunt abdominal
trauma: performance of CT without oral contrast material.
Radiology 2004; 233:689–694.

75. Wong YC, Wang LJ, Lin BC, et al. CT grading of blunt pancrea-
tic injuries prediction of ductal disruption and surgical corre-
lation. J Comput Assist Tompgr 1997; 21:246.

76. Kawashima A, Sandler CM, Corl FM, et al. Imaging of renal
trauma: a comprehensive review. RadioGraphics 2001;
21:557–574.

77. Matthews LA, Spirnak JP. The nonoperative approach to major
blunt renal trauma. Semin Urol 1995; 13:77–82.

78. Rana, AI, Kenney PJ, Lockhart ME, et al. Adrenal gland hema-
tomas in trauma patients. Radiology 2004; 230:669–675.

79. Burks DW, Mirvis SE, Shanmuganathan K. Acute adrenal
injury after blunt abdominal trauma: CT findings. AJR 1992;
158:503–507.

80. Mucha P, Farnell MB. Analysis of pelvic fracture management.
J Trauma 1984; 24(5):379–386.

81. Daffner RH. Pelvic trauma. In: McCort JJ, ed. Trauma Radi-
ology. New York: Churchill Livingstone, 1990:339–380.

82. Kam J, Jackson H, Ben-Menachem Y. Vascular injuries in blunt
pelvic trauma. Radiol Clin North Am 1981; 19(1):171–186.

83. Letournel E. Pelvic fractures. Injury 1978; 10(2):145–148.
84. Bucholz RW. Injuries of the pelvis and hip. Emerg Med Clin

North AM 1984; 2(2):331–346.
85. Ben-Menachem Y, Coldwell DM, Young JW, Burgess AR.

Hemorrhage associated with pelvic fractures: causes, diagno-
sis, and emergent management. Am J Roentgenol 1990;
157(5):105–1014.

86. Tile M. The management of unstable injuries of the pelvic ring.
J Bone Joint Surg [Br] 1999; 81(6):941–943.

87. Kellam JF, Browner BD. Fractures of the pelvic ring. In:
Browner BD, Jupiter JB, Levine AM, Trafton PG, eds. Skeletal
Trauma. Fractures, Dislocations, Ligamentous Injuries,
857–863.

88. Mitchell MJ. Lower extremity trauma. In: McCort JJ, ed. Trauma
Radiology. New York: Churchill Livingstone, 1990:435–472.

89. Ben-Menachem Y. Angiography in Trauma: A Work Atlas.
Philadelphia, PA: WB Saunders, 1981.

90. Ben-Menachem Y. Pelvic fractures: diagnostic and therapeutic
angiography. Instr Course Lect 1988; 37:139–141.

91. Agolini SF, Shah KT, Jaffe J, et al. Arterial embolization is a
rapid and effective technique for controlling pelvic fracture
hemorrhage. J Trauma 1997; 43(3):395–399.

92. Mirvis, SE. Injuries to the urinary system and retroperito-
neum. In: Mirvis SE, Shanmuganathan K, eds. Imaging in
Trauma and Critical Care. 2nd ed. Baltimore: Saunders,
2003:483–517.

93. Netter F. The CIBA Collection of Medical Illustrations. Summit,
NJ: Ciba Pharmaceutical, 1974.

94. Sandler CM, Phillips JM, Harris JD, Toombs BD. Radiology of
the bladder and urethra in blunt pelvic trauma. Radiol Clin
North Am 1984; 19(1):195–211.

95. McGinnis M, Denton JR. “Fracutres of the scapula” a retrospec-
tive study of 40 fractured scapulae. J Trauma 1989; 29:1488–
1493.

96. Sheafor DH, Mirvis SE. Scapulothoracic dissociation: report to
five cases and review of the literature. Emergency Radiology
1995; 2:279.

97. Lange RH, Noel SH. Traumatic lateral scapular displacement:
an expanded spectrum of associated neurovascular injury. J
Orthop Trauma 1993; 7:361–366.

98. Petty TL. The clinical spectrum of acute respiratory failure. In:
Baum GI, ed. Textbook of Pulmonary Disease, Little, Brown,
1974:647–663.

99. Gosin JS, Graham AM, Ciocca RG, Hammond JS. Efficacy of
prophylactic vena cava filters in high-risk trauma patients.
Ann Vasc Surg 1997; 11(1):100–105.

100. Goldman SM, Wagner LK. Radiologic ABCs of maternal and
fetal survival after trauma: when minutes may count. Radio-
Graphics 1999; 19:1349–1357.

101. Keats T. Atlas of Normal Variants that may Simulate Disease.
4th ed. Chicago: Year Book Medical Publishers, Inc. 2001.

322 Grebenc et al.



102. Bailey DK. The normal cervical spine in infants and children.
Radiology 1952; 59(5):712–719.

103. Pang D, Wilberger JE Jr. Spinal cord injury without radio-
graphic abnormalities in children. J Neurosurg 1982;
57(1):114–129.

104. Brown JH, DeLuca SA. Growth plate injuries: Salter-Harris
classification. Am Fam Physician 1992; 46(4):1180–1184.

105. Butler K, Pusic M. Pediatric considerations. In: Schwartz DT,
Reisdorff EJ, eds. Emergency Radiology. New York: McGraw-
Hill, 2000:621–624.

106. Kempe CH, Silvermen FN, Steele BF, Droegemueller W, Silver
HK. The battered-child syndrome. JAMA 1962; 181:17–24.

107. Lonergan GL, Baker, AM, Morey MK, Boos SC. Child abuse:
radiologic-pathologic correlation. RadioGraphics 2003; 811–
845.

108. Scherer LA, Ballistella FD. Trauma and emergency surgery: an
evolutionary direction for trauma surgeons. J Trauma 2004;
56(1):7–12.

109. Kushimoto S, Arai M, Aiboshi J, et al. The role of interventional
radiology in patients requiring damage control laparotomy. J
Trauma 2003; 54(1):171–176.

110. Chelly MR, Marqulies DR, Mandavia D, et al. Evolving role of
the FAST scan for the diagnosis of pericardial fluid. J Trauma
2004; 56(4):915–917.

111. Blackbourne LH, Soffer D, McKenney M, et al. Secondary ultra-
sound examination increases the sensitivity of the FAST exam
in blunt trauma. J Trauma 2004; 57(5):934–938.

112. Woodburne RT. Essentials of Human Anatomy. New York:
Oxford University Press, 1957.

113. Lee C, Rogers LF, Woodring JH, et al. Fractures of the craniover-
tebral junction associated with other fractures of the spine:
overlooked entity? AJNR 1984; 5:775–781.

114. Smith WS, Kaufer H. Patterns and mechanisms of lumbar inju-
ries associated with lap seat belts. J Bone Joint Surg 1969;
51A:239–254.

115. Sisley AC, Rozycki GS, Ballard RB, et al. Rapid detection of
traumatic effusion using surgeon performed ultrasonography.
J Trauma 1998; 44(2):291.

116. Yamamoto LG, Chung SMK, Inaba AS. Salter-Harris Radiology
Cases in Pediatric Emergency Medicine. Kapiolani Medical
Center For Women And Children University of Hawaii John
A. Burns School of Medicine.

Chapter 16: Diagnostic Imaging for Trauma 323





SECTION C: Anesthetic Management and Damage Control for Trauma
SECTION EDITOR: CHRISTOPHER M. GRANDE

17

Preoperative Evaluation, Preparation, and Monitoring

Beverly J. Newhouse
Department of Anesthesiology, UC San Diego Medical Center, San Diego, California, U.S.A.

Carla St. Laurent
Department of Anesthesiology, UC Irvine Medical Center, Irvine, California, U.S.A.

INTRODUCTION

Expert preoperative evaluation and preparation must occur
along with expeditious institution of a variety of monitoring
modalities in order to safely manage the trauma patient
during the perioperative period. The development of a com-
prehensive anesthetic plan must be accomplished efficiently
and there must be inherent flexibility to alter this plan as
conditions change. “Murphy’s Law” often applies to
trauma: “whatever can go wrong, will go wrong—at the
worst possible moment.”

Initial assessment frequently occurs simultaneously
with the treatment of lifethreatening conditions, such that
the management must often proceed without knowing all
pertinent information. The dynamic nature of trauma care
requires frequent patient re-evaluation and information
sharing among all members of the team. If the patient’s con-
dition suddenly deteriorates, a new plan must be developed
jointly by the trauma anesthesiologist and other members of
the trauma team. The severity of tissue injury, the potential
for hemorrhagic shock, and the patient’s physiologic
response must be continuously assessed and managed.

Although perioperative assessment and resuscitative
management often occur simultaneously, this chapter
reviews these events in the logical sequential order that is fol-
lowed when abundant time is available. This sequence
begins with pre-anesthetic evaluation, which includes infor-
mation garnered during the Primary and Secondary Surveys
(Volume 1, Chapters 8 and 14, respectively) (1), followed by a
section on patient preparation, and finishes with a review of
the monitoring options available for perioperative trauma care.

PREOPERATIVE EVALUATION

Preoperative evaluation of the trauma patient requires
knowledge and comprehensive understanding of the mech-
anism of injury, all of the known and potential collateral
injuries, any premorbid conditions, and the patient’s
current physiologic status. Information should be garnered
from all available resources, including prehospital person-
nel, the trauma resuscitation team, and whenever possible,
firsthand assessment. Optimally, an anesthesiologist is
summoned to the trauma resuscitation suite (TRS) in the
emergency department (ED) or to the trauma operating
room (OR) before the patient’s arrival. Accordingly,

prehospital information can be obtained before the
patient arrives, enabling the anesthesiologist to assess the
patient from the outset and review the accumulating evalu-
ation data as it is subsequently generated. Other times, the
anesthesiologist is called to assess the patient preopera-
tively after the trauma team has completed the initial
evaluation. In either case, the anesthesiologist must be
fully appraised of all known and suspected injuries. In
addition to preoperative history, physical data and
imaging studies should be reviewed in order to formulate
a cohesive anesthetic plan. A schematic overview of the
evaluation process of the trauma patient is provided in
Figure 1. This process is further elucidated in the succeed-
ing sections of this chapter.

Prehospital Information Sources
At most North American trauma centers, the patient’s
prehospital (or “field”) condition is relayed to the receiving
hospital via radio (or cell phone) from paramedics at the
scene. In many European systems, anesthesiologists at the
scene gather information firsthand, while initiating manage-
ment (Volume 1, Chapter 3) (2).

The initial field exam, including vital signs, mechanism
of injury, and severity determines the triage status (Volume 1,
Chapter 4). The trauma victim with dangerously abnormal
vital signs or known significant wounds, such as traumatic
brain injury (TBI) or spinal cord injury (SCI), should be
triaged as “IMMEDIATE” (the highest level of urgency for
transport and treatment). A victim classified as “MODER-
ATE” might have stable vital signs despite evidence of a sig-
nificant mechanism of injury, such as ejection from a vehicle
or being struck by a moving vehicle (3). Patients with this
degree of mechanism should be transported to a trauma
center, but with slightly lower priority than the patient with
an injury that poses an immediate threat to life.

Prehospital information conveyed to the receiving hos-
pital, (in the so called “MIVT” report) usually includes
approximate age, gender, mechanism of injury, vital signs,
level of consciousness, and other pertinent information such
as use of restraining devices, airbag deployment, and con-
dition of the vehicle. In the setting of a tenuous airway, respir-
atory failure, altered mental state, shock, or impending
hemodynamic failure, the patient may be intubated in the
field or immediately upon arrival in the TRS. In either case,
the anesthesiologist should be summoned to the TRS early
to assist with airway management and resuscitative efforts (4).
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Knowledge of prehospital information enables the
anesthesiologist to develop an appropriate airway plan and
assemble proper equipment based upon an estimate of the
patient’s age, size, injuries, and comorbidities (e.g., elderly
patients may have coronary artery disease, or a pregnant
woman may require fetal monitoring). Information about
the mechanism of injury helps the resuscitation team antici-
pate injury patterns (Volume 1, Chapter 2) (5–7). While

prehospital information is useful, the patient’s condition
upon arrival may differ dramatically from the status initially
encountered at the scene.

Triage to Operating Room vs. Trauma Resuscitation Suite
Patients who meet certain criteria (Table 1) are triaged
directly to the OR for simultaneous resuscitation and emer-
gent surgery (8). In this situation, the trauma team (includ-
ing the anesthesiologist) assesses and treats the patient in
the designated operating room. Patients who do not meet
the OR resuscitation criteria are brought to the TRS for
initial evaluation. The results of the primary survey (PS)
and secondary survey (SS) determine if the patient is there-
after transported to the computed tomography (CT) scanner
for further evaluation, to the OR for emergent surgery, or to
the surgical intensive care unit (SICU) for nonoperative man-
agement. Regardless of disposition, the management priori-
ties are the same.

The anesthesiologist should be present in the TRS
whenever the need for emergency airway management or
emergent/urgent surgery is anticipated. Examples of emer-
gent (life-threatening), urgent, and nonurgent injuries are
summarized in Table 2. Prioritization of these injuries has
recently been reviewed by Dutton et al. (9). Life-threatening
injuries require immediate therapy, while urgent injuries
should receive treatment within six hours (9).

Priorities During the Primary Survey
The trauma anesthesiologist may be required to provide

acute airway management at any time during the initial
evaluation. The anesthesiologist should be present for
patient arrival whenever prehospital information suggests
that definitive airway management will be required.

Evaluation of the trauma patient begins with visual
inspection as the gurney rolls into the TRS or trauma OR. The
paramedic is allowed 30 to 45 seconds to provide an updated
report about the patient’s condition at the scene and during
transport, while the patient is transferred to the resuscitation
table. The PSandSS proceed as discussed in Volume 1, Chapters
8 and 14, respectively. Initial assessment includes evaluation of
airway, breathing, circulation, disability, and exposure in a
global search for major injuries that are an immediate threat
to life, while maintaining environmental control.

If not already applied, oxygen is administered by face-
mask as the airway is evaluated for patency, and breathing is

Table 1 Operating Room Resuscitation Criteriaa,b

Cardiac arrest following penetrating trauma

Witnessed blunt arrest with only one vital sign present

Persistent SBP ,90, despite prehospital IV fluid

Uncontrolled external hemorrhage

GSW to chest with evidence of shock

Amputation proximal to elbow or knee

aDestination should not be changed at the last minute while en route to the

hospital. The estimated time of arrival must be .5 minutes to call an

operating room resuscitation. Once decision has been made, it should not

be changed because often there is not enough time to coordinate trauma

team diversion to a new location.
bCriteria currently used at UCSD Medical Center, and similar to criteria

published by Hoyt DB et al. (8).

Abbreviations: GSW, gunshot wound; IV, intravenous; SBP, systolic blood

pressure.

Prehospital Information

If OR resuscitation
criteria present
(Table 1),  proceed
directly to the
trauma OR

Primary Survey and Resuscitation

If emergency surgery
necessary, proceed to
trauma OR 

Secondary Survey and Resuscitation (Cont.)

If emergency surgery
necessary, proceed
to trauma OR

Assessment and Plan

If surgery necessary,
proceed to OR with
organized plan (i.e.,
knowing full extent of
injuries, monitoring,
blood products, and
other requirements).

Age, mechanism of
injury, ISS

Vital signs, LOC 

Airway, Breathing, 
Circulation and Control of 

hemorrhage, Disability, 
Exposure/Environment

History
Physical exam

Review of labs and
imaging data

Systematic review of potential
high-risk injuries 

Treat injuries in order of severity.
Patient preparation and appropriate
monitoring if surgery necessary. 

To SICU for non-operative
management, continued

resuscitation and supportive care. 

Figure 1 Schematic overview of the steps taken during evaluation

of the trauma patient. At any stage of the evaluation process, it may

be determined that the patient requires emergent surgery, in which

case the patient should be taken immediately to the operating room.

In contrast, if the patient has nonemergent injuries, all data should be

reviewed in order to formulate an appropriate treatment plan. If the

patient requires surgery after the secondary survey is completed,

then appropriate preparation, including monitoring and blood

product requirements, can be provided ahead of time. Abbreviations:

ISS, injury severity scale; LOC, loss of consciousness;

OR, operating room; SICU, surgical intensive care unit.
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assessed. If the airway needs to be secured, the anesthesiol-
ogist must quickly evaluate and decide how to proceed.
General options for airway management include rapid
sequence induction (RSI) with cricoid pressure and inline
cervical stabilization, modified RSI (with spontaneous venti-
lation preserved or bagmask assisted), awake fiberoptic intu-
bation, or a surgical airway as described in Volume 1,
Chapters 8 and 9.

The intubation plan is based upon the anatomy of the
airway, the constellation of injuries, the general condition
of the patient, and the anesthesiologist’s level of experience
with various airway options. Blind nasal techniques are
rarely appropriate in the patient with TBI or maxillofacial
fractures because of concerns of converting a partial airway
obstruction into a complete airway obstruction, or passage
of the endotracheal tube (ETT) into the brain in the presence
of nasopharyngeal or cribiform plate injuries (10,11).

Patients who are cooperative, stable, and spontaneously
ventilating, with an anticipated difficult airway, cervical spine
(C-spine) injury, or partial airway obstruction, can be safely
intubated using an awake fiberoptic bronchoscopic (FOB)
technique (12,13). Volume 1, Chapter 9, provides a complete
review of definitive airway management of the trauma
patient. As a component of improving oxygenation, venti-
lation, and/or hemodynamic status, it may be necessary to
place a thoracostomy tube to treat a hemothorax or pneu-
mothorax (Volume 1, Chapter 25).

Adequate venous access must be immediately obtained
via large bore peripheral catheters (Volume 1, Chapter 10).
Invasive indwelling arterial monitoring and central venous

pressure (CVP) catheters should be considered if there is
ongoing hemodynamic instability. All resuscitation fluids
should be warmed and may include crystalloid, colloid, or
blood products.

Anemia and hypovolemia require early and aggres-
sive correction. The anesthesiologist should begin estimating
blood loss in the TRS in order to plan for ongoing fluid and
monitoring needs that will carry over to the OR. Most
trauma patients will benefit from administering volume
resuscitation prior to initiating general anesthesia and
surgery. However, some patients will require emergency

surgery to locate a major source of bleeding in order to
achieve hemostasis.

Disability should be assessed early to document
neurological deficits, prior to the administration of intrave-
nous analgesia, sedation, or neuromuscular blockade
(NMB) drugs. Specifically, the Glasgow Coma Scale (GCS),
a pupillary exam, and evaluation of the gross motor and
sensory status should be determined. If TBI is suspected, cer-
ebroprotective measures should be initiated immediately
(see Volume 1, Chapter 23). The final component of the PS
is exposure and environmental control. The patient is
exposed completely to identify all injuries, but warming
measures are also instituted to prevent hypothermia (1).

Information Garnered During the Secondary Survey
If the trauma patient remains or becomes unstable during the
PS and initial resuscitation efforts, it may be necessary to
proceed to an emergent surgical procedure before there is

Table 3 Pertinent History Obtained During the Secondary Surveya

AMPLE

Historical

information sought Comments

A Allergies Anaphylaxis, angioedema, bronchospasm, and rash are particularly

sought

M Medications Anticoagulants, anti-platelet drugs, and cardiopulmonary drugs are most

important

P Past medical

history/pregnant

Any systemic disease or organ system insufficiency/failure is sought, in

addition to history of prior trauma and/or surgery

L Last meal Assume full stomach regardless; however, the type and quantity of food

and time before trauma is useful

E Events/environment Mechanism of injury and the environmental conditions (e.g., hot desert,

ice water submersion) are useful details, as are estimates of blood at

scene, extrication time, etc.

aThis information should be verified by the anesthesiologist firsthand before the initiation of anesthesia or surgery (when possible).

Source: From Ref. 1.

Table 2 Emergent vs. Urgent vs. Nonurgent Injuries

Emergent injuries Urgent injuries Nonurgent injuries

Airway injury causing obstruction Traumatic near-amputation Closed long bone fracture

Exsanguinating hemorrhage Peripheral vascular injury Stable spinal fracture

Intracranial hematoma causing midline shift Peripheral compartment syndrome Closed facial fracture

Tension pneumothorax Unstable spine Soft tissue wound or laceration

Pericardial tamponade Open globe injury Joint dislocation

Flail chest Perforated stomach or bowel

Sucking chest wound Massive soft tissue injury

Open fracture or joint

Source: From Ref. 9.
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time to fully assess and stage all injuries. In more stable pati-
ents, additional data are gathered methodically during the SS.

If possible, a medical history is obtained from the
patient or family members. A commonly used pneumonic
for a preliminary medical history is “AMPLE” (Table 3) (1).
If the patient is unresponsive or agitated, it may be possible
to learn some history by checking for a Medic Alert bracelet,
examining for previous surgical scars, or obtaining infor-
mation from family members. All information gathered
may have an effect on anesthetic management if surgical
intervention becomes necessary.

During the SS, the team systematically examines the
patient from head to toe. Notably, a more complete neuro-
logical exam is performed beyond the cursory evaluation
performed during the PS. The neck and chest are further
examined with auscultation and palpation for crepitance or
tenderness. The abdomen is inspected and palpated for dis-
tension, rigidity, tenderness, or guarding. In addition, a
focused abdominal sonography for trauma (FAST) exam,
diagnostic peritoneal lavage (DPL), or CT scan is performed
as appropriate (Volume 1, Chapter 27) (1,14). The spine and
pelvis are examined for tenderness, ecchymoses, or instabil-
ity. Labs are sent, a nasogastic (NGT) or orogastric tube is
placed (depending upon exam), a rectal exam is performed,
and an indwelling urinary catheter is inserted (assuming no
contraindications, see Volume 1, Chapters 27 and 28). An
initial plan to manage injuries is formulated based upon
treatment of the most severe injuries first. The neurological
exam is continuously re-evaluated, deficits are noted, and
GCS revised as necessary (Volume 1, Chapters 8, 14, and 23).

The standard trauma resuscitation laboratory panel
includes STAT hemoglobin/hematocrit, platelets, arterial
blood gas (ABG), prothrombin time (PT), international nor-
malized ratio (INR), activated partial thromboplastin time
(aPTT), chemistry panel, urine toxicology screening, urinaly-
sis, pregnancy testing for women of childbearing age, and
testing for occult blood on rectal exam. A sample for blood
group type and cross matching is drawn at the same time
as these initial screening labs.

With acute blood loss, the hematocrit may only
change minimally during the first 15 to 30 minutes.
Therefore, repeated measurements will be necessary as
intravascular volume is replaced with crystalloid. If a fall
in hematocrit does occur, it serves as a method to estimate
overall blood loss and guides further fluid replacement.
Evaluation of platelet count and coagulation studies is par-
ticularly important in patients with TBI or with ongoing
significant bleeding. These studies will guide transfusion
therapy including the need for platelets or fresh frozen
plasma (FFP).

Radiographic evaluation of the trauma patient is
based on mechanism, severity of injury, patient condition,
and physical exam during the PS and SS. Most trauma
patients will receive a chest radiograph (CXR), an anterior–
posterior (AP) pelvis film and C-spine radiographs
(including AP, lateral, and odontoid views). A head CT is
performed if there are any signs of TBI or decreased GCS.
Extremity injuries may be imaged to rule out long bone frac-
tures (1).

Occasionally patients are admitted to the trauma
center several hours or days after their initial injury. These
patients may have secondary sequelae such as infection or
ischemia. A complete PS and SS are indicated for these
patients whenever a serious mechanism was implicated.

Systematic Review of Potential High-Risk Injuries
The anesthesiologist must have a complete under-

standing of the injuries that have occurred and must be
aware of all pertinent imaging and laboratory results

before proceeding to the OR (unless patient stability does
not allow the time); these results may impact subsequent
resuscitation and anesthetic management. The following
systematic review highlights the minimal information
that should be sought, as well as the appropriate organ-
specific therapy required to optimally prepare the patient
for surgery. This review is, in essence, a tertiary survey
(Volume 1, Chapter 42) of the trauma patient performed
prior to anesthetic induction and surgery (Table 4).

Table 4 Preoperative Tertiary Review of Injuries: Survey of Clinical and Imaging Data

Site of injury Pertinent concerns

Head GCS, CT head results (skull fracture, bleeding)

If ICP is a concern, consider placement of an ICP monitor before surgery (Table 5)

Scalp lacerations (may need temporizing sutures)

Face/airway Ocular injuries, lacerations, facial fractures

Injuries that may impact airway management

Avoid nasal instrumentation if possible fractures

Spine All injuries and stability of cervical, thoracic, lumbar spine should be known prior to airway manipulation

or positioning of the patient

Chest If pulmonary injury (e.g., hemopneumothorax, pulmonary contusion), strict avoidance of nitrous oxide and

close attention to oxygenation/ventilation status

If cardiac injury (e.g., myocardial contusion), close monitoring for and treatment of dysrhythmias

If vascular injury (e.g., aortic dissection), tight BP control

Abdomen Know method of objective evaluation (CT vs. FAST) and the major findings (e.g., visceral injury, bleeding)

Pelvis Fractures and types, dislocations, sacroiliac disruption, retroperitoneal hematoma, genitourinary injury or

intrauterine pregnancy

Extremities Look for fractures, dislocations, compartment syndrome, crush injuries, and rhabdomyolysis

Neurovascular exam should be performed before the surgery

Other Burns—will affect fluid management

Injuries that may affect vascular access

Abbreviations: BP, blood pressure; CT, computed tomography; FAST, focused abdominal sonography for trauma; GCS, Glasgow Coma Scale;

ICP, intracranial pressure.
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Airway Injury
Previously intubated patients must have their ETT position
confirmed (as detailed in Volume 1, Chapters 8 and 9). If
the airway is not supported, oxygen should be provided
and an assessment should occur. Blind manipulation of a
partially disrupted airway is contraindicated as it can
convert a partial obstruction into a complete obstruction
(2,12,13,15). Any evidence of trauma to the neck, including
swelling, stridor, crepitus, deformity of the thyroid cartilage,
hoarseness, dysphonia, or dysphagia should prompt suspi-
cion of laryngotracheal injury and extreme caution should
be employed during airway manipulation (15). In these situ-
ations, the airway is most safely intubated awake using a
FOB while maintaining spontaneous ventilation (Volume 1,
Chapter 9) (2,13,15). Once the airway is secured, a semi-
elective tracheostomy can be performed if necessary
(13,16–18). If this sequence is not feasible, an emergency sur-
gical airway may be the most ideal choice, while maintaining
spontaneous ventilation (13,19).

Maxillofacial Trauma
In the setting of facial trauma, the midface must be examined
for instability or clinical evidence of a basilar skull fracture.
Clinical clues include Battle’s sign (ecchymosis over the
mastoid process), cerebrospinal fluid (CSF) otorrhea, CSF
rhinorrhea, hemotympanum, blood from the nose, or
“raccoon eyes.” As previously mentioned, blind instrumen-
tation of the nasal cavity is absolutely contraindicated in the
setting of known or possible nasal, cribiform plate, or basilar
skull fracture, as the ETT or NGT can enter the brain (10,11).
However, awake fiberoptic intubation (oral or nasal) is
appropriate, assuming that the endoscopist can see the
entire way into the trachea (see Volume 1, Chapters 9 and
22) (20,21).

A mandibular fracture can make intubation difficult
and occasionally ventilation can be impaired. In the
absence of other major injury, patients with mandibular frac-
tures are typically intubated through a nasal route to facili-
tate jaw wiring. If the fracture is complex or associated
with loose teeth, an awake nasotracheal intubation using a
FOB is often the best option.

Head Injury
Penetrating or open TBI is usually directly visible, but there
may also be injuries hidden under matted hair or on the back
of the head. CSF leakage produces a characteristic “halo”
pattern where blood tinges the perimeter of the blot when
it is absorbed onto filter paper or a hospital bed sheet.
When there is suspicion of possible CSF leakage, sterile
gauze should be applied until the patient is stable enough
for definitive evaluation. Laboratory analysis of the fluid
for beta transferrin protein is highly sensitive and specific
for the identification of CSF (22–24). Scalp wounds may
bleed profusely, and frequently require temporizing skin
stitches or staples for hemostasis.

A decreased GCS (including brief loss of conscious-
ness and/or seizure at the scene) or the presence of any
focal neurological deficit requires prompt noncontrast CT
scan of the brain (Volume 1, Chapters 16 and 23). Patients
with a suspected or known TBI should not go to the OR
for repair of other (e.g., orthopedic) injuries unless they are
absolutely emergent (Table 5). In an emergency situation,
invasive blood pressure (BP) monitoring via an indwelling
arterial catheter is mandatory and an intracranial pressure
(ICP) monitor should be placed preceding the induction of
anesthesia in a patient with acute TBI (25). Precautions
should be taken to lower ICP following TBI to prevent

Table 5 Orthopedic Operative Procedures on Head-Injured Patients

GCS CT results Nonurgent orthopedic injuries Urgent orthopedic injuries

14–15 (minor

head injury)

Normal Proceed with appropriate fixation Proceed with appropriate fixation

11–13 Normal, but persistent

abnormal level of

consciousness

Consider repeat CT scan in 12 to 24 hrs versus proceed

with appropriate fixation after discussiona of ICP

placement for intraoperative monitoring

ICP placement for intraoperative

monitoring

11–15 Abnormal without

evidence of increased

ICP

Proceed with appropriate fixation after discussiona

re: time and potential EBL

ICP placement for intraoperative

monitoring

11–15 Abnormal with evidence

of increased ICP

Wait 72 hrs, then discussa operative procedure based on

patient course

ICP monitoring; attempt rapid

I&D, reduction or fasciotomy,

possible rapid Ex Fix or

pinning

3–10 (severe

head injury)

Regardless of CT scan,

which generally will

show abnormalities

with evidence of

increased ICP

Case by case determination by discussiona among

anesthesiologist and three surgery attendings

(Consider having a neurosurgical resident go to OR)

ICP monitoring (possible

neurosurgical resident to go to

OR); minimum orthopedic

procedures unless able to

tolerate more intervention.

aExcept in very minor head injury, consultation should occur among the anesthesiologist and the three surgical attendings (trauma, neurosurgery, orthopedics)

before the surgery for appropriateness of orthopedic management and intracerebral pressure monitoring of trauma patients with combined neurological and

orthopedic injuries. In general, all patients with open fractures, severe soft tissue injury, open joint lacerations, irreducible dislocations, progressive neurologi-

cal or vascular deficits, compartment syndromes, and pelvic fractures requiring fixation to reduce hemorrhagic shock should be taken to the operating room

within six to eight hours.

Abbreviations: CT, computed tomography; EBL, estimated blood loss; Ex Fix, external fixation; GCS, Glasgow Coma Scale; ICP, intracerebral pressure; I&D,

irrigation and debridement; OR, operating room.

Source: Courtesy of UCSD Neurotrauma Division (Ref. 212).
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cerebral ischemia, herniation, or extrusion of an intracranial
mass (Volume 1, Chapter 23).

Cervical Spine Injury
All blunt trauma patients are assumed to have a C-spine
injury, and are immobilized in a hard collar and kept on a
backboard until proven otherwise. The possibility of
C-spine injury directly impacts airway management, central
line placement, and patient positioning (Volume 1, Chapter
15). Manipulation of the head for routine intubation has the
potential to cause significant movement of an unstable cervi-
cal fracture or ligamentous cervical injury.

The anesthesiologist must be aware of the status
of the C-spine for all trauma patients requiring intubation

and/or surgical intervention. The Advanced Trauma
Life Supportw (ATLSw) Guidelines for screening patients
with suspected C-spine injury now provides a black box
warning stating: “The anesthesiologist should be informed
of the status of the workup” (1).

If an emergent intubation is necessary, the C-spine
should be stabilized with inline immobilization to prevent
inadvertent exacerbation of a possible SCI (19,26). In the
nonemergent setting, a note should be present in the chart
to specifically document the C-spine status, along with a
list of all imaging study results. The C-spine status should
be further clarified directly with the trauma surgeon prior to
inducing anesthesia. Patients with a known C-spine injury
should have an awake fiberoptic intubation (Volume 1,
Chapter 9), and a neurological exam should be performed
after intubation and again after positioning the patient to
confirm there are no new deficits (19). All other patients are
intubated with direct laryngoscopy using an RSI technique
and inline stabilization.

Thoracic and lumbar spine injuries should also be sus-
pected when there has been a significant mechanism of
injury or if neurological deficits exist. Examples of such def-
icits include motor weakness, loss of sensation, loss of rectal
sphincter tone, incontinence of urine or stool, priapism, or
hyperreflexia.

During the SS, the patient is log-rolled to facilitate
examination of the back. Any stepoff or tenderness to palpa-
tion over the spinous processes is a sign of possible spinal
injury. Any clinical or radiographic evidence of spine
injury requires further evaluation by CT scan and occasion-
ally magnetic resonance imaging (MRI). Axial CT scanning
of the chest and abdomen with generation of AP and
lateral T- and L-spine films has been shown to be at least
as sensitive and more specific than AP and lateral plain
films of the spine (Volume 1, Chapters 15 and 16) (27).

Chest Injury/Aspiration
All injuries to the thorax should be fully evaluated and
known to the anesthesiologist prior to nonurgent surgery.
Because positive pressure ventilation can convert a simple
pneumothorax into a tension pneumothorax, a chest tube
should be placed before surgery if there is evidence of pneu-
mothorax. Additionally, nitrous oxide should be omitted
from the anesthetic regimen for any trauma patient with sig-
nificant mechanism because there may be unrecognized
extra-anatomic air-containing lesions (e.g., pneumothorax,
pneumocephalus) that will expand if exposed to nitrous
oxide.

Aspiration is common in obtunded patients, but is
not always obvious on the initial CXR. The patient may
develop acid-induced acute lung injury (ALI) in the OR

and pulmonary function may deteriorate. Patients with
known or suspected aspiration should receive frequent
intraoperative suctioning (28), early evaluation and treatment
with a FOB while in the OR (29), and positive pressure venti-
lation with positive end-expiratory pressure (30). If bronchos-
pasm occurs, treatment with inhaled beta-adrenergic agents
may improve respiratory mechanics (30). Antibiotic treatment
is generally omitted for an acute aspiration that occurs during
initial presentation. However, if subsequent pneumonia
develops, antibiotics are administered, based upon gram
stain and culture results (29,31). Trauma patients who aspirate
.72 hours following hospitalization are usually treated
empirically for nosocomial pathogens (32,33).

Bronchial injury should be suspected in patients with
severe chest trauma and extra-anatomic air (e.g., tension
pneumothorax or subcutaneous emphysema). There may
be a significant air leak in the chest tube collection device
with each positive pressure breath if a bronchopleural
fistula persists. Severe pulmonary contusions are associated
with hypoxemia and can be complicated by hemoptysis, due
to blood and fluid that have extravasated into the interstitial
and alveolar spaces (34). Multiple rib fractures or “flail
chest” can require prolonged mechanical ventilation,
especially if associated with pulmonary contusions (see
Volume 1, Chapter 25 and Volume 2, Chapter 25) (35).

Myocardial contusion is themost common blunt injury to
the heart (36), and is often diagnosed by nonspecific dysrhy-
thmias on electrocardiogram (ECG) (36), or by wall motion
abnormalities on echocardiography (Volume 1, Chapter 25
and Volume 2, Chapter 21) (37,38). Penetrating trauma (stab
or gunshot wounds) to the chest often require surgical manage-
ment as described in Volume 1, Chapters 13 and 25.

Cardiac tamponade is suspected clinically by jugular
venous distension, muffled heart sounds, and hypotension
(Beck’s triad) (39), by widened cardiac silhouette on CXR,
and by equalization of the diastolic pressures on CVP, pul-
monary artery, and arterial pressure waveform tracings.
With severe cardiac tamponade, inhalation during spon-
taneous ventilation results in a paradoxical increase in
CVP and engorgement of jugular veins (Kussmaul’s sign)
(40,41). The increased CVP occurs without resultant
increased atrial and ventricular filling because the pressure
of the pericardial blood compresses the cardiac chambers
and decreases the actual preload. Induction of general
anesthesia and use of positive pressure ventilation will
further compromise preload and can be fatal in the presence
of untreated cardiac tamponade. When tamponade is signifi-
cant, central venous access and intra-arterial monitoring
should be obtained, spontaneous ventilation should be main-
tained, and pericardiocentesis should proceed through a sub-
xyphoid window under local anesthesia before the induction
of general anesthesia (42–44).

The most common great vessel injury following blunt
chest trauma or rapid deceleration forces is an aortic dissec-
tion, usually at the ligamentum arteriosum (34). Widening
of the mediastinum seen on AP CXR requires further
evaluation with spiral CT, angiography, or echocardiogra-
phy to confirm the diagnosis. Aortic dissection indicates
immediate operative intervention if it is associated with
aortic insufficiency, or dissection into the coronary arteries,
or other great vessels. Otherwise, there may be more urgent
injuries that should be treated first (45,46). During the oper-
ative (or interventional radiological) treatment of other inju-
ries, it is crucial to maintain tight BP control (often using a
betablocker or sodium nitroprusside) to avoid further dis-
section (45,47). Successful resolution of small aortic tears
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(less than 20 mm) has been reported in hemodynamically
stable patients treated with betablockers over several days
(48).

Abdominal, Retroperitoneal, and Pelvic Injury
Results of abdominal and pelvic studies often reveal sources
of internal bleeding that the anesthesiologist should consider
when assessing blood loss and projecting fluid requirements.
The abdomen should be objectively evaluated either by
FAST exam, CT scan, or DPL in all patients with significant
mechanism (Volume 1, Chapter 27) (49). CTscan is considered
the diagnostic imaging standard, but if the patient is unstable,
transport to the CT scanner may not be feasible (50). FAST is
a quick and noninvasive way to look for free peritoneal
fluid, which is assumed to be hemorrhage following acute
trauma. However, organ injury can occur without visualiza-
tion of free fluid (51,52).

Retroperitoneal injury is difficult to assess by physical
examination. The patient usually has nonspecific discomfort,
occasionally with periumbilical ecchymosis (Cullen’s sign)
or flank ecchymosis (Gray-Turner’s sign). The most effective
method to evaluate for the presence of retroperitoneal bleed-
ing is contrast enhanced CT scan (53).

Pelvic vessels can bleed massively and may require
angiographic embolization to achieve hemostasis (Volume 1,
Chapter 28). The placement of a pelvic binder, or an external
fixator on an unstable pelvis can help decrease ongoing
blood loss. These issues affect several aspects of anesthetic
management, including resuscitation, positioning, and vas-
cular access.

In the setting of pelvic trauma, other injuries to suspect
include bladder rupture and urethral disruption. Bladder
rupture may manifest as hematuria, diminished urine
output, or CT contrast visualized in the pelvis rather than
in the bladder. Evidence of urethral disruption includes
meatal blood or overriding prostate. In a female trauma
patient of childbearing age, it is important to consider the
possibility of intrauterine pregnancy and rule out gynecolo-
gical or fetal injury (Volume 1, Chapter 38).

Extremity Injury
Any limb that is crushed, amputated, or deformed clearly
draws attention and treatment, but normal appearing extremi-
ties also need to be fully evaluated. The anesthesiologist
should evaluate the neurovascular status and palpate for
pain on all extremities. Intravenous catheter placement, BP
cuff measurement, or invasive monitoring should be avoided
on extremities with signs of trauma (Volume 1, Chapter 29).

An extremity with signs of ischemia, neurological
deficit, open fracture or joint requires urgent surgery to
reduce the risk of infection and improve the likelihood of
limb salvage (54,55). The presence of a distracting injury of
greater severity can mask symptoms at the injured site. Simi-
larly, severe intoxication, obtundation, or altered level of
consciousness can lead to delay in presentation of the injury,
which increases the likelihood of developing a compartment
syndrome, muscle necrosis, and rhabdomyolysis. Fractures
can be a source of ongoing blood loss, which should be con-
sidered during evaluation of fluid status in the OR.

Burn Injury
Burn patients must be evaluated for burn type and degree,
percent of body surface area (BSA) involved, and presence
of airway involvement (Volume 1, Chapter 34). Airway
obstruction can result from edema, direct airway injury, or

smoke inhalation. Smoke inhalation injury can create
further difficulty with ventilation and oxygenation. Signs
of inhalation injury include singed nasal hair, soot in
mouth or nose, or burns in the head and neck region. An
airway that initially appears normal can progress to the
“cannot intubate/cannot ventilate” scenario rapidly. Evi-
dence of stridor should prompt urgent intubation, and
patients with .15% BSA burns should be evaluated for
possible intubation (56). If there is any doubt regarding
airway stability, it is always better to intubate early and
observe the patient (56). Inhalation injury can be confirmed
by bronchoscopy (56).

Carbon monoxide (CO) intoxication can lead to
hypoxemia and brain injury. Hemoglobin has a much stron-
ger affinity for CO than for oxygen. Accordingly, CO binding
to hemoglobin with resultant displacement of oxygen causes
a leftward shift of the hemoglobin oxygen dissociation
curve, which hinders delivery of oxygen to tissues (Fig. 2
and Volume 1, Chapter 34) (57). The patient may appear
cherry pink with 100% saturation on pulse oximetry, but
be suffering from CO toxicity. The pulse oximeter detects
only two species of hemoglobin, oxyhemoglobin and deoxy-
hemoglobin, and cannot distinguish between oxyhemoglo-
bin and carboxyhemoglobin (Fig. 3) (57). Therefore, if there
is suspicion of CO toxicity, a co-oximeter (which measures
carboxyhemoglobin and methemoglobin) should be used
to evaluate the carboxyhemoglobin level (58,59). Patients
with possible CO intoxication should be treated immediately
with 100% oxygen. The literature supports use of hyperbaric
oxygen in some patients with CO toxicity (57,60).

Lifesaving fluid management begins with a calcu-
lation of the burned surface area and application of one of
several empiric fluid resuscitation formulas. For example,
the Parkland Formula recommends 4 mL/kg/% BSA burn
with 1/2 administered in the first eight hours. These for-
mulae are intended for initial management, and the patient
response must be monitored as described in Volume 1,

Figure 2 Carbon monoxide binding to hemoglobin causes a

leftward shift of the hemoglobin–oxygen dissociation curve. In

this example, the leftward shift decreases P50 from 28 mmHg

(normal) to 12 mmHg, which hinders oxygen delivery to tissues.

Source: From Ref. 57.
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Chapter 34. Rhabdomyolysis is a frequent complication of
electrical burns and should be managed with aggressive
hydration to prevent renal damage (61,62). Chemical burns
require lavage of external surfaces to prevent further injury
to the patient or caregivers. Radiation burns cause deep
tissue damage and may also lead to contamination of equip-
ment or hospital staff.

PREOPERATIVE PREPARATION
Preparation of the Trauma Patient

In the case of a life-threatening injury requiring
emergency operation, time for information gathering and

patient preparation is diminished. Intravenous access

must be assured (optimally with two large bore catheters
or central lines) and when possible, arterial lines should
be placed before the induction of anesthesia. Initial
labs should be drawn and an indwelling urinary catheter
should be inserted. All abnormalities of electrolytes should
be identified and corrected as soon as possible. Rapid
volume replacement may be necessary for circulatory resus-
citation, but as soon as hemorrhage is controlled, volume
status can be guided by urine output, hematocrit, CVP,
base deficit, and plasma lactate concentration (Volume 1,
Chapters 12 and 18).

When the trauma patient is stable and there is time
for patient preparation, all data should be reviewed, appro-
priate intravascular access should be obtained, hypovole-

mia should be corrected, and the anesthesiologist should
have a comprehensive plan for further fluid and monitoring
needs. A final checklist (Table 6) should be completed
before taking the patient to the operating room. The decision
to proceed to the OR will hinge on the results of the PS and
SS (Volume 1, Chapters 8 and 14, respectively) and ongoing
resuscitation needs (Volume 1, Chapter 18).

Preparation of the Operating Room
All Level 1 Trauma Centers should have an OR designated
for trauma, which is perpetually prepared in anticipation
of a trauma case (Volume 1, Chapter 5). Trauma institutions
with fewer resources should at a minimum have a dedicated
trauma cart containing the necessary monitoring equipment
and supplies available when a trauma occurs. Once a room is
selected, it should be warmed to minimize heat loss and
hypothermia in the trauma patient.

Standard setup for adult trauma (Table 7) includes
prepared airway equipment, oxygen supply, functioning
suction, anesthesia machine and monitors, warmed fluids,
and IV lines flushed with crystalloid and all air evacuated.
Preassembled kits for IV and arterial line insertion, and
pre-identified equipment for inserting central lines will expe-
dite care. Sterile, calibrated transducers with heparin-flushed

Table 6 Patient Checklist Before Proceeding to Operating Room for Nonemergent Surgery

p
Checklist topic Comments

History AMPLE (Table 3)

Airway If airway not secured, airway exam should be performed

If airway appears difficult to intubate, get difficult airway cart (including fiberoptic bronchoscope),

and extra help

C-spine Status of C-spine must be known before the induction and precautions must be taken to prevent

further injury

Injuries and

radiographic results

Be aware of all other injuries, review all pertinent studies, and anticipate any impact on anesthetic

management (Table 4)

Neurological exam Assess level of consciousness and brief motor and sensory exam of each extremity

Cardiopulmonary exam Auscultate heart, lungs, and perform focused CV exam

ECG if indicated Patients with cardiac history, thoracic trauma, age �50

Lab results Abnormal lab values corrected if possible and time permits

Appropriate access Large bore IVs, arterial and central lines if indicated

Vital signs stable Does the patient need further resuscitation before the induction of anesthesia?

Blood ordered Type and cross the appropriate number of units, confirm when blood and products will be available

Consent obtained Risks/benefits/alternatives explained to patient and/or family member

OR prepared Table 7 and Volume 1, Chapter 5

Abbreviations: AMPLE, allergies, medications, past medical history/pregnancy, last meal, events/environment; C-spine, cervical spine; CV, cardiovascular;

ECG, electrocardiogram; IV, intravenous catheter; OR, operating room.

Figure 3 Pulse oximetry uses light of two different wavelengths,

940 nm and 660 nm. Unfortunately, at 660 nm, oxyhemoglobin

and carboxyhemoglobin absorb equally and thus will be read

equally by a conventional pulse oximeter. Reduced hemoglobin

and methemoglobin also absorb equally at 660 nm, which will

similarly interfere with correct SpO2 measurement. Source: From

Ref. 84; Courtesy of Susan Manson, Biox/Ohmeda, Boulder,

Colorado, U.S.A. 1986.

332 Newhouse and St. Laurent



lines should be in place for invasive hemodynamic monitor-
ing. Equipment for blood transfusion should be in the room
and includes a high volume fluid warmer with tubing
attached to a blood pump, and a supply of blood filters. A
rapid transfusion and fluid warming device should be
readily available for cases with potentially substantial
blood loss. Convective forced air warming blankets and
fluid warming pads should be attached to a power source
and be ready for use.

Induction drugs that should be prepared (prefilled in
labeled and dated syringes) include etomidate, succinylcho-
line, rocuronium, lidocaine, midazolam, and fentanyl or
morphine. Scopolamine is useful for amnesia in the unstable
trauma patient who cannot tolerate initial anesthesia. Resusci-
tation drugs including phenylephrine 100 mcg/mL, atropine
0.4 mg/mL, calcium chloride 100 mg/mL, and epinephrine
10 mcg/mL, 100 mcg/mL, and standard 1 mg/mL should
be available. Additional ampules of emergency drugs includ-
ing epinephrine, norepinephrine, vasopressin, and sodium
bicarbonate may be necessary in major trauma cases. Immedi-
ate access to activated recombinant factor VIIa (rVIIa) for mas-
sively bleeding patients should be available to supplement
blood products (Volume 2, Chapter 59).

Selecting a General vs. Regional Anesthetic
A general anesthetic is indicated when the patient

is unstable, uncooperative, or has multiple injuries (Volume
1, Chapter 19). When a general anesthetic is selected,
trauma patients should always be considered to have a
“full stomach” and if time permits, premedication with an
H2 blocker, metoclopramide, and oral sodium citrate
should be considered prior to induction (30). However,
metoclopramide should not be administered if there is suspi-
cion of bowel injury (63). In patients requiring abdominal
CT, there is controversy regarding both the need for oral con-
trast as well as the aspiration risk. However, most authors
recommend airway protection by a sealed ETT prior to
oral contrast administration (when possible).

If the patient’s airway exam is favorable, a RSI with
inline stabilization of the C-spine is appropriate. If a difficult
airway is suspected and the patient is awake, cooperative,
and stable, an awake intubation should be pursued,
because safely securing the airway takes priority over risk
of regurgitation and aspiration. Uncooperative or combative

patients may need IV sedation with concomitant cricoid
pressure before manipulation of the airway. However, if
there is any concern of airway injury or difficulty, spon-
taneous ventilation should be maintained (Volume 1,
Chapter 9) (13,64).

Regional anesthesia (Volume 1, Chapter 20) is best
relegated to patients with isolated extremity injuries, who
are cooperative and hemodynamically stable. Furthermore,
these patients must agree to proceed with a general anes-
thetic if difficulty or instability occurs during the conduct
of a regional technique. The major advantages and disadvan-
tages of general anesthesia versus regional anesthesia for the
trauma patient are summarized in Table 8.

MONITORING CONSIDERATIONS
Monitoring Standards
The American Society of Anesthesiologists (ASA) provides
monitoring standards that apply to all types of anesthesia
care, including general, regional, and “monitored anesthe-
sia care” (MAC). In emergency circumstances, life
support measures take precedence over standard monitor-
ing, but the moment the patient is stabilized, appropriate
monitoring should be instituted. Standard ASA moni-
toring includes continuous presence of qualified anesthesia
personnel throughout the duration of all anesthetics and
continual evaluation of the patient’s oxygenation, venti-
lation, circulation, and temperature (65). Methods for
such monitoring involve at a minimum noninvasive BP
measurement, ECG, pulse oximetry, O2 analyzer, tempera-
ture probe, and end tidal CO2 (PETCO2) monitoring
(Table 9) (65). These monitors are generally sufficient
for induction of anesthesia in a stable patient. However,
bleeding patients will require additional monitoring includ-
ing CVP and arterial lines for rapid infusion and frequent
assessment of intravascular volume, hematocrit, ABG, and
beat-to-beat evaluation of BP.

Neurological Monitoring
Several types of neurological monitoring instruments
have shown utility in the care of trauma patients with neuro-
logical injuries (Volume 2, Chapter 7). This section briefly

Table 7 Trauma OR Anesthesia Setup for Acute Trauma Resuscitation and Surgery

Item Comments

Anesthesia machine Checked for proper functioning

Oxygen supply In addition to machine supply, have O2 tank and portable Mapleson breathing circuit available

Suction Properly functioning

Monitors Calibrated and ready for use per ASA standards (Table 9)

Airway supplies ETTs, laryngoscopes and various blades, stylets, oral/nasal airways, masks, backup equipment (LMAs, TTJV,

cricothyrotomy kit), fiberoptic bronchoscope if indicated by exam

IV supplies Large bore catheters, pump tubing, fluids, arterial line kits, central line kits, pressure transducers, heparinized

flush and syringes

Transfusion supplies Blood filters and appropriate tubing, rapid infusor, pressure bags

Drugs Induction agent, neuromuscular blocker, opioids, hemodynamic agents, emergency drugs (epi, atropine, lido,

calcium, bicarb)

Warmers Warm OR, fluid warmers, forced-air warmers, warm linens

Other Nasogastric/orogastric tubes, temperature probes, twitch monitor, þ/2BIS monitor

Abbreviations: ASA, American Society of Anesthesiologists; bicarb, sodium bicarbonate; BIS, bispectral index; epi, epinephrine; ETT, endotracheal tube;

IV, intravenous catherization; lido, lidocaine; LMA, laryngeal mask airway; O2, oxygen; OR, operating room; TTJV, transtracheal jet ventilation.
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reviews monitoring of ICP, spinal cord integrity, and level of
anesthetic depth.

Pathological monitoring trends can lag slightly behind
clinical neurological deterioration. However, clinical signs
and exam findings will not be apparent in the anesthetized
patient (66). Early treatment of elevated ICP is facilitated
through monitoring, and occasionally inferred by measuring
cerebral tissue oxygenation (PTIO2). A ventriculostomy is
the gold standard ICP monitor (Volume 2, Chapter 7)
because it enables both direct pressure measurements and
therapeutic CSF drainage (67). A parenchymal catheter
tip pressure transducer, such as the Caminow Monitor
(Camino Laboratories, San Diego, California, U.S.A.) can
be employed when ventricles are small or when the ICP is
initially normal and therapeutic ICP drainage is not necess-
ary. Continuous jugular venous oximetry (SJVO2) may be
useful for the management of TBI in the ICU as it can
provide early identification of cerebral ischemia requiring
emergency treatment (68). A decrease in SJVO2 of 25% has

been associated with clinically apparent cerebral ischemia
(69). SJVO2 monitoring is less practical in the setting
of trauma resuscitation because it requires a stable back-
ground condition and frequent calibration to a co-oximeter
control (70).

Integrity of the spinal cord can be monitored during
spine surgery using somatosensory evoked potentials
(SSEPs) and motor evoked potentials (MEPs). The SSEP
stimulatory leads are placed overlying major nerves on the
lower extremities (e.g., posterior tibial nerve), facilitating
the transmission of an electrical signal along the associated
nerves and up the dorsal columns to the sensing leads on
the scalp which pick up responses from the somatosensory
cortex. Consequently, SSEP monitoring only interrogates
the integrity of the dorsal sensory columns. The anterior
motor pathways must be tested by MEPs. The electrical sti-
mulating leads for MEPs are placed on the scalp overlying
the motor cortex of the brain, where a signal is sent over
the descending corticospinal tract and recording leads

Table 8 General vs. Regional Anesthesia Decision Making Following Acute Trauma

Decision criteria General anesthesia Regional anesthesia

Degree and location of

injury

Multiple injuries and/or multiple

procedures

Isolated extremity procedures

Patient cooperation Not required Required

Onset of action Rapid May take longer to initiate regional block

Duration of action Indefinite Depends on type of block and drugs used—can be prolonged by

placement of continuous catheter

Ability to monitor GCS Unable; requires ICP monitor if

acute TBI and abnormal head CT

scan

Enables continuous assessment of MS during surgery

Airway instrumentation Required Can be avoided if patient is awake and spontaneously ventilating

Aspiration risk Increased during induction and

emergence

Minimal if awake, HD stable patient with SV and intact airway

reflexes

If difficult airway

anticipated

Intubate awake if stable, coopera-

tive, and breathing spontaneously

Not a good choice unless will be able to stop surgical procedure at

any time to perform awake intubation (if becomes necessary)

Monitoring requirements Usually the same Usually the same

Postoperative analgesia Only from residual opioid or if other

systemic analgesic is infused

Excellent and with less systemic (respiratory or CV) perturbation

Abbreviations: CT, computed tomography; CV, cardiovascular; GCS, Glasgow Coma Scale; HD, hemodynamically; ICP, intracerebral pressure; MS, mental

status; SV, spontaneous ventilation; TBI, traumatic brain injury.

Table 9 American Society of Anesthesiologists Standard Monitoring

Physiologic parameter Method for monitoring Monitor options

Overall clinical status of

patient

Anesthesia personnel must

be continuously present

Attending anesthesiologist, resident anesthesiologista, or CRNAa

Oxygenation Pulse oximetry

O2 analyzer

Clip-on pulse oximeter probe versus adhesive probe

FiO2 from oxygen source

Ventilation End-tidal CO2 monitoring Capnometry, capnography, or colorimetry

Electrical activity of heart ECG Three- or five-lead ECGb, ST segment analysis

Circulation Pulse

BP measurement

Pulse oximeter

Manual or oscillometric cuff, indwelling arterial catheter

Temperature Thermometer Skin, tympanic, axillary, oral, esophageal, rectal, urinary, or PAC

aResident anesthesiologist or CRNA may work under the direction of an attending anesthesiologist who is immediately available.
bAt least one lead of ECG must be continuously monitored.

Abbreviations: BP, blood pressure; CO2, carbon dioxide; CRNA, certified registered nurse anesthetist; FiO2, fractional concentration of inhaled oxygen;

ECG, electrocardiogram; O2, oxygen; PAC, pulmonary artery catheter.

Source: From Ref. 65.
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are placed over the anterior tibial muscles. Latency and
amplitude of response to the signal (Fig. 4) are monitored
(71). Disruption in spinal cord integrity is suspected if
latency increases by more than 10% or amplitude decreases
by over 50%, provided these changes are not caused by anes-
thetics or temperature variation (71–73). Complete SCI is not
amenable to evoked potential monitoring because the signal
transmitted to peripheral nerve sites cannot bypass the lesion.

Restricted use of most anesthetics is required for reliable
evoked potential monitoring (Volume 1, Chapter 26). MEPs
are more sensitive to anesthetic agents than SSEPs, and are
uniquely obliterated with excessive NMB drug use. NMB
drugs must be carefully titrated during MEP monitoring to
avoid completely eliminating the twitch signal and response,
which are used to monitor cord integrity (Volume 1, Chapter
26 and Volume 2, Chapter 7) (74).

Facial nerve electromyography (EMG) may be clini-
cally valuable during head and neck surgery. Neurotonic
and myokymic discharges are used to alert the surgeon
and anesthesiologist if the facial nerve becomes compro-
mised (75). Again, complete NMB will disrupt the dis-
charges, but partial blockade using titrated doses of short
acting agents is usually acceptable (76,77).

Electroencephalographic (EEG) data devices do not
reliably monitor a patient’s level of consciousness, but have
been shown to correlate with anesthetic depth. Examples of
such devices are the Bispectral Index (BIS, Aspect Medical
Systems, Newton, Massachusetts, U.S.A.) and the PSA 4000
(Physiometrix, North Billerica, Massachusetts, U.S.A.). The
BIS derives a single number from a variety of EEG features cal-
culated using multivariate statistical methods (Fig. 5) (78). The
BIS monitor has been used for titration of sedation in the adult
and pediatric ICUs (79–80), assessment of sleep (81), manage-
ment of unconscious palliative care patients (82), and in TBI
patients in the ED (83). In the setting of acute trauma, the great-
est utility of BIS may be for patients who are too unstable to
tolerate general anesthesia with a volatile agent. During
initial resuscitation, it may be impractical to spend time
placing the BIS monitor, but once the case gets underway, it
can be used to provide an objective assessment of the patient’s
need for additional sedation or anesthesia.

The goal of BIS monitoring during trauma surgery is to
gauge the depth of hypnosis, minimize the possibility of

intraoperative awareness, and allow more accurate titration
of anesthetic drugs (84). The BIS number is a reflection of
anesthetic effect on the noninjured brain; it decreases
almost linearly with increasing depth of anesthesia (Fig. 6).
In an awake patient without brain injury, the BIS value is
90 to 100 (85). General anesthesia is represented by a BIS
number less than 60 (85). The BIS may not be as useful in
patients with TBI, because they will have variable baseline
BIS values (83). In addition, there are conflicting reports
regarding the correlation of the GCS and the BIS score in
trauma patients (86,87).

In addition to the variability of BIS monitoring, values
found in conscious and unconscious patients have been
known to overlap (85). Furthermore, several cases have
been reported where awareness occurred despite BIS read-
ings that correlated with general anesthesia (88–90). Just as
there is wide variation in individual response to anesthesia,
there may be significant variation in corresponding BIS
values too.

Respiratory Monitoring
Accurate respiratory monitoring facilitates successful man-
agement of airway and breathing. At a minimum, res-
piratory monitoring for the trauma patient should include
confirmation of ETT placement and assessment of oxygen-
ation and ventilation. The introduction of the capnograph
and pulse oximeter in the 1980s has significantly improved
safety and decreased morbidity and mortality during
anesthesia. Use of pulse oximetry is the standard of care
for prehospital, ED, perioperative, and emergency airway
management of the trauma patient. The capnograph is the
standard of care in the OR and is becoming widely recog-
nized as an essential requirement in prehospital and ED
settings (91).

Tracheal intubation in trauma patients can be challen-
ging. Prompt and accurate confirmation of ETT placement is
essential to minimize complications, as unrecognized eso-
phageal intubation can rapidly result in anoxic brain injury
and death (92,93). Direct visualization of the ETT passing
between the vocal cords is the most reliable method for
verifying correct tube placement (94,95). However, direct
visualization is not always possible and is not infallible

Figure 4 Somatosensory evoked potential waveform with

horizontal arrows showing measures of latency and vertical arrows

showing amplitude. Increased latency or decreased amplitude may

be a sign of spinal cord tract disruption. Source: From Ref. 71.

Figure 5 Bispectral index (BIS) monitor. This figure shows

the BIS value and bispectral index electroencephalographic

waveform. Abbreviations: BIS, bispectral index; EEG, electro-

encephalogram; EMG, electromyography. Source: From Ref. 213.
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because the tube can become displaced before or after secur-
ing it (13,94–96). Therefore, secondary confirmation is
necessary and can be achieved using a combination of clini-
cal and objective methods (96). Clinical verification includes
observation of chest rise, fogging inside the tube, ausculta-
tion of bilateral breath sounds, and absence of air sounds
over the stomach (97). The most commonly used objective
devices for secondary confirmation of tube placement are
based on the presence of exhaled CO2 (PETCO2) or structural
differences between the trachea and esophagus.

Exhaled CO2 can be identified by either infrared or col-
orimetric analysis. With infrared absorption spectrometry, a
sample of exhaled gas passes through a monitor that assigns
a numerical value (capnometer) or shows a waveform
(capnography). For situations outside of the operating
room, colorimetric devices are often utilized and can verify
CO2 by color change on a chemical indicator. The EasyCapw

(Nelcore-Puritan Bennet, Hayward, California, U.S.A.)
shows a color change from purple (absence of CO2) to
yellow (�5% CO2) on the indicator paper as the patient
exhales, if the tube is properly placed (98). Higher CO2

levels make a darker yellow shade with each breath. Colori-
metric devices were found to be the most commonly used
form of CO2 monitoring in a recent survey of emergency
medicine personnel (99). However, another recent survey
of members of the American College of Surgeons showed
that only 50% of the respondents felt CO2 monitoring was
widely used (91).

Although detection of exhaled CO2 is the “gold stan-
dard” for secondary verification of ETT placement, the self
inflating bulb [also known as the esophageal detector
device (EDD)], is a diagnostic tool that exploits the struc-
tural differences between the trachea and the esophagus
(97). The trachea has cartilaginous rings that typically
prevent collapse and allow air to pass into the EDD and
inflate the bulb (98). With an esophageal intubation, the

lack of supporting structures causes the esophagus to col-
lapse such that air will not enter the EDD and the bulb
stays flat (98). This device has been successfully used in
both prehospital and emergency patient care and was
found in some studies to be equal to capnography in the
correct detection of esophageal or tracheal intubation
(100). In critical trauma patients with low pulmonary
perfusion, PETCO2 may be insufficient to verify ETT place-
ment (101). The EDD offers an additional method, but
false negative results can occur if there is blood, vomitus,
or fluid in the airway (97). Takeda found that in patients
without cardiac arrest, PETCO2 was most reliable, but in
cardiac arrest patients, clinical methods were superior to
both PETCO2 and the EDD (97). Because none of the
current methods for confirmation of ETT placement are
fail-safe, multiple methods should be performed to increase
accuracy (96).

The use of hand-held portable thoracic ultrasound has
recently been studied as a prospective method for ETT ver-
ification. Using a subxiphoid window to sonographically
visualize the bilateral diaphragm, the results of one study
showed successful identification of tracheal as compared to
esophageal intubation, as well as identification of right
mainstem bronchus intubations (102). However, this tech-
nique is still considered experimental.

Pulse oximetry is the standard of care for continuous
assessment of oxygenation in the trauma patient. The pulse
oximeter waveform is similar to an arterial pressure
waveform such that cyclical respiratory-induced changes in
the amplitude of the pulse oximeter waveform can be used
to detect hypovolemia during mechanical ventilation (103).

Although pulse oximetry is cost-effective and has been
shown to improve outcome, there are technical limitations,
including accurate correlation to arterial oxygenation,
pulse rate accuracy, and drop out times (104). Patient
motion, poor tissue perfusion, excessive ambient light, and

Figure 6 Clinical correlations between bispectral index (BIS) values and electroencephalographic changes observed with increasing

depth of anesthesia. General anesthesia is represented by a BIS index approximately 45 to 60. Abbreviations: BIS, bispectral index;

EEG, electroencephalographic. Source: From Refs. 84, 214, 215.
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electrosurgical unit interference alter conventional pulse
oximeter measurement of SpO2 (105,106).

Shock and hypothermia can lead to vasoconstriction of
the transilluminated tissue bed, creating inaccurate oxygen
saturation values. Although the “gold standard” for PaO2

is ABG analysis, recently developed pulse oximeters such
as the Masimo SET Radicalw (Masimo Corp., Irvine, Califor-
nia, U.S.A.) may yield more accurate SpO2 values during
hypoperfusion or patient motion (107). Most enamel finger-
nail polish pigments do not interfere with pulse oximetry
despite previous reports (108). However, if acrylic or
“press-on” nails are present, the probe may need to be
rotated 908 to allow light to pass sideways through the
finger bed.

Adequacy of mechanical ventilation can be monitored
by following the PETCO2, which is a reflection of arterial CO2

(PaCO2) under steady state conditions. Situations where
PETCO2 does not correlate with PaCO2 involve states of ven-
tilation/perfusion mismatch (e.g., alveolar deadspace,
Fig. 7A) or shunt (Fig. 7B), which may be present in patients
with cardiopulmonary disease or low cardiac output (109–
111). In these cases, it is necessary to measure PaCO2 directly
by ABG analysis.

Tidal volumes (VT) during mechanical ventilation
have traditionally been instituted at �10–12 mL/kg based
on the patient’s predicted body weight (112). However, in
patients with acute respiratory distress syndrome (ARDS),
it has been shown that lower VT (�6–7 mL/kg) improves
outcomes (112). Trauma is a known risk factor for ARDS
and some advocate that using lower VT from the onset of
mechanical ventilation may reduce the risk of later develop-
ing ARDS (113).

It is also important to monitor pulmonary pressures,
particularly peak inspiratory pressure (Ppeak) and plateau
pressure (Pplat). Gradually increasing Ppeak (or Pplat) is
often associated with worsening lung function and the
development of ARDS whereas sudden increases in Ppeak

signify an acute process that may be reversible. The differen-
tial diagnosis for acutely increased pulmonary pressures
includes ETT or circuit obstruction, endobronchial intuba-
tion, bronchospasm, aspiration, pneumothorax, pulmonary
edema, atelectasis, and increased abdominal pressure (e.g.,
abdominal compartment syndrome).

Expiratory breathing patterns in the normal and
abnormal state can be appreciated by the capnograph
waveform (Fig. 8A), which changes shape during certain

pathological processes. For example, airway obstruction
causes a delayed rise of the exhalation segment (Fig. 8B)
(114). Sudden loss of the waveform often indicates a discon-
nection of the airway circuit or obstruction of the sample
tube (Fig. 8C) (114). An exponential drop in PETCO2 can
be an ominous indicator of low blood flow through the
pulmonary bed (114), as may occur from impending

Figure 7 (A) The PaCO2-PETCO2 gradient increases with increased dead space because other gases from the dead space dilute the

CO2-containing gas from alveolar ventilation. Source: From Ref. 109. (B) The PaCO2-PETCO2 gradient increases with increased shunt

because a greater fraction of blood does not participate in gas exchange. Therefore, less arterial CO2 is exchanged for alveolar O2 (also

increases PAO2-PaO2 gradient). Source: Courtesy of AC Brown, acbrown.com.
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Figure 8 Capnography. (A) Normal capnograph waveform

showing phases 0 to 3: phase 0 represents inhalation; phase 1

shows steep rise of early exhalation; phase 2 shows expiratory

phase in which CO2 is being emptied from larger airways;

phase 3 shows expiratory plateau which represents alveolar emp-

tying. (B) Capnograph showing characteristic waveform of

obstructive disease. The slope of phase 1 is decreased because of

obstruction. (C) Capnograph waveform showing possible circuit

disconnection or complete tube obstruction. (D) Capnograph

waveform showing pattern of abruptly decreasing pulmonary

blood flow.
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cardiopulmonary arrest from exsanguination or impaired
cardiac output (Q̇) from a massive pulmonary embolus
(Fig. 8D).

The direct relationship between PETCO2 and Q̇,
PETCO2 can be used to assess the effectiveness of cardiopul-
monary resuscitation (CPR) (115). Data from a prospective
clinical trial of 139 adult patients found that initial,
average, and final values of PETCO2 during CPR correlated
with effectiveness of resuscitation (116). Another useful
marker in the low-flow state is sublingual end tidal CO2

(PSLCO2, see “Sublingual Capnometry”). In a recent study
with 54 patients, it was a better predictor of outcome than
traditional markers (such as lactate concentration and
mixed venous O2) and was a better indicator of response
to therapeutic interventions aimed at improving tissue
perfusion (117).

Hemodynamic Monitoring
The management of circulation in the trauma patient is the
third goal in the ABCs of trauma care. Hemodynamic
monitoring allows assessment for adequacy of tissue per-
fusion and guides resuscitation efforts. Since organ
blood flow cannot be directly measured in clinical practice,

arterial BP is monitored and a mean arterial pressure of
70 mmHg is considered a reasonable target in most adult
patients (118).

For trauma patients in hemorrhagic shock, manual or
Doppler verification of the pulse may be the only option
during initial resuscitation steps. An irregular or weak
central pulse signifies the need for immediate resuscitation
to restore depleted blood volume and produce an effective
cardiac output. Full, regular peripheral pulses are usually
associated with normovolemia.

Sphygmomanometric (manual cuff) or oscillometric
automated noninvasive blood pressure (NIBP) devices are
often employed to obtain the first BP measurements. It is
important to assure that the cuff is properly sized for the
patient and that it is wrapped snugly. A cuff that is too
small will give falsely high values, while an overly large
cuff will give erroneously low readings (119–121). Although
automatic oscillometric NIBP monitoring is standard in the
OR and in the SICU, this device is unreliable in the nona-
nesthetized hypovolemic trauma patient (122).

Invasive arterial monitoring is the “gold standard”
pressure device for trauma patients (Volume 2, Chapter 9).
It is continuous and allows serial lab measurements of
oxygenation, ventilation, pH, lactate, base deficit, electro-
lytes, and hematological data. The arterial trace height will
have greater variation during positive pressure ventilation
if the patient is hypovolemic (Fig. 9) (123–127). The most
common sites for arterial cannulation are radial or femoral

arteries, but ulnar and dorsalis pedis arteries may also be
used. The risk of clinically significant arterial thrombosis is
decreased if the catheter is continuously flushed with hepar-
inized saline (128–130). Axillary brachial arterial catheteri-
zation, though feasible, are used as a last resort since these
sites have been associated with increased risk of extremity
ischemia. Other complications associated with arterial
cannulation are listed in Table 10 (131–135). Contraindica-
tions to arterial catheterization include localized infection,
pre-existing ischemia, nerve damage (136), or Raynaud’s
phenomenon (137). As with all invasive pressure monitors,
the transducer height should be level with the right
atrium. When monitoring cerebral perfusion pressure, the
transducer height should be level with the tragus of
the earlobe; therefore, the manometer will be higher than
the heart if the patient’s head is elevated.

Invasive CVP monitoring allows continuous measure-
ment of right heart pressures, which reflect volume status,
and provides venous access for rapid infusion of fluids or
drugs. Normal CVP values during positive pressure venti-
lation range from 6 to 12 mmHg (138,139). A low CVP
with hypotension and tachycardia in a trauma patient corre-
sponds to hypovolemia. Persistent hypotension following a
fluid challenge and higher than normal CVP indicates
cardiac congestion (as occurs with cardiac tamponade,
tension hemopneumothorax, or myocardial ischemia). Can-
nulation sites for CVP placement include subclavian,
internal jugular, and femoral veins. Longarm CVP catheters
can also be passed from the brachial or cephalic vein into the
central circulation. Contraindications to central venous
catheterization include trauma at the site or localized infec-
tion. Complications associated with placement of a central
line are presented in Table 11 (140–142). To reduce the
number of cannulation attempts and the risk of inadvertent
arterial puncture, small portable ultrasound vessel imaging
devices, such as the SiteRitew (Bard Access Systems, Salt
Lake City, Utah, U.S.A.), are increasingly used (Fig. 10)
(140,143–145).

The CVP approximates pulmonary capillary wedge
pressure (PCWP) except when left ventricular function is
impaired or pulmonary hypertension is present. Under these
clinical scenarios, a pulmonary artery catheter (PAC) may be
indicated in an unstable patient. Use of a PAC allows continu-
ous monitoring of pulmonary artery pressures, intermittent
monitoring of PCWP (which usually parallels left heart press-
ures), and thermodilution for estimation of Q and calculation
of hemodynamic indices [e.g., systemic vascular resistance
(SVR) and pulmonary vascular resistance (PVR)]. The PAC
can also be used to obtain mixed venous saturation (SvO2)
samples for calculating oxygen consumption (V̇O2) and
delivery (ḊO2) (Volume 2, Chapter 3) (146). Monitoring hemo-
dynamics with a PAC facilitates discrimination between
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Figure 9 Systolic arterial blood pressure variation. Arterial blood pressure tracing showing systolic pressure variation during mechanical

ventilation. (1) represents end-expiration, (2) represents positive pressure inspiration in which systolic pressure increases slightly,

(3) represents the large (.10 mmHg) decrease after inspiration consistent with hypovolemia. Source: From Ref. 216.
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cardiogenic and noncardiogenic causes of shock in the trauma
patient and guides resuscitation efforts (146). Figure 11 shows
the pressure tracings along the path of PAC insertion. Risks of
PAC placement include those associated with central line

placement as well as additional anatomic and functional
disturbances (Table 11). To decrease the risk of infection,
strict sterile technique should be utilized. In emergency situ-
ations when lines are inserted without adherence to sterile

Table 10 Complications Associated with Arterial Cannulation

Complication Precautions to decrease risk

Hematoma Avoid multiple needle punctures/attempts

Apply pressure if artery punctured

Bleeding Caution in coagulopathic patients

Apply pressure to bleeding site

Thrombosis Avoid multiple needle sticks

Use continuous heparinized flush system

Avoid prolonged catheterization

Vasospasm Avoid multiple or traumatic punctures/attempts at cannulation

Air embolism Caution when flushing catheter

Nerve damage Avoid sites in close proximity to nerve

Infection Use sterile technique

Avoid prolonged catheterization

Intra-arterial drug injection Keep venous and arterial lines well-organized, separated, and clearly labeled

Ischemia Avoid traumatized sites, perform Allen’s test before the radial/ulnar cannulation

Avoid prolonged catheterization

Place pulse oximeter on ipsilateral side to verify perfusion

Heparin-induced thrombocytopenia Heparin flush is recommended unless the patient has a known allergy or evidence of HIT

Abbreviation: HIT, Heparin-induced thrombocytopenia.

Source: From Refs. 131–135.

Table 11 Complications Associated with Central Venous and Pulmonary Artery Catheterization

Complication Precautions to decrease risk

Hematoma Avoid multiple needle punctures/attempts

Apply pressure if vein or nearby artery punctured

Bleeding/hemorrhage Caution in coagulopathic patients

Apply pressure to bleeding site

Air or thrombotic embolism Caution with infusions

Use head-down tilt and avoid opening catheter to air

Avoid prolonged catheterization and use heparin flush

Carotid artery puncture/
cannulation

Use appropriate landmarks þ/or sonographic visualization

Use small finder needle; transduce pressure to verify venous pressure waveforms

Pneumothorax/hemothoraxa Use appropriate landmarks

Avoid multiple needle sticks

No risk with femoral vein

Risk with internal jugular , risk with subclavian

Infection/bacteremia/
endocarditis

Use strict sterile techniqueb

Use catheters with antibiotic sponge

Avoid prolonged catheterization

Nerve trauma Use appropriate landmarks and avoid sites in close proximity to nerves

Thoracic duct damage/
chylothorax

Avoid left subclavian and internal jugular when possible

Complete heart block Extreme caution placing PAC in patient with LBBB

Cardiac dysrhythmias Use ECG monitoring while placing catheter and avoid prolonged placement of wire/catheter in

atria/ventricles

Pulmonary ischemia/
infarction

Do not keep PAC continuously wedged

Minimize balloon inflation time

Pulmonary artery rupture,

myocardial perforation

Do not over-wedge PAC; avoid balloon hyperinflation

Always inflate balloon before advancing catheter, but never inflate balloon against significant resistance

aChest radiograph should always be performed after catheterization to verify correct positioning and absence of pneumothorax/hemothorax.
bStrict sterile technique includes hand-washing, sterile gloves, gown, mask, hat, patient drape, and sterile prep with chlorhexidine.

Abbreviations: ECG, electrocardiogram; LBBB, left bundle branch block; PAC, pulmonary artery catheter.

Source: From Refs. 140–142, 146.
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technique, they should be replaced as soon as it is feasible;
that is, when surgery is over and the patient is stable
(usually within 12–24 hours of admission). The risk of com-
plications increases with the duration of catheterization even

when optimally placed; therefore, these lines should not
persist beyond 72 to 96 hours (147).

Another excellent means of assessing hemodyna-
mics in the trauma patient is by use of transesophageal

Figure 10 SiteRitew Portable Ultrasound Device. (A) SiteRitew placed over the left internal jugular vein area of patient. (B) Ultrasound

image showing the internal jugular vein (large and irregular) adjacent to carotid artery. (C) Ultrasound image showing compressibility

of the internal jugular vein contrasting with the inability to compress carotid artery. (D) Ultrasound image showing longitudinal

view of internal jugular vein. (E) Ultrasound image showing needle as it passes into internal jugular vein. Source: From Ref. 145.
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echocardiography (TEE, Volume 2, Chapter 21). Systolic
cardiac function results from the interaction of four interde-
pendent factors: heart rate, preload, contractility, and after-
load, all of which can be evaluated in real time with 2
dimensional and Doppler imaging through TEE (Volume 2,
Chapter 21). Contraindications to TEE include esophageal
rupture, stricture, diverticulum, tumor, or recent esophageal
or gastric surgery (148).

Electrocardiogram Monitoring
Continuous ECG monitoring is standard of care for detection
of ischemia (Table 12) and characterization of dysrhythmias
(149–152). It is simple, noninvasive, and has been shown to
be 80% sensitive for ischemia if leads II and V5 are moni-
tored (149,150). The use of leads II, V4, and V5 improves sen-
sitivity for ischemia to 96% (Volume 2, Chapter 19) (149,150).
Baseline rhythm and ST segment analysis should be noted
prior to the induction of anesthesia and whenever critical
events occur. Signs of perioperative ischemia include ST
segment depression or elevation from baseline, T-wave
inversion, new left bundle branch block, or new dysrhyth-
mias (see Volume 2, Chapter 20) (151,152). Electrocautery,
shivering, 60 cycle interference, patient movement, and
poorly conducting leads will cause artifact in the ECG
tracing. Computer assisted ST segment analysis may help
differentiate intermittent artifact from actual ST changes
during surgical intervention.

Urine Output
Trauma patients should have an indwelling foley catheter
inserted during their initial resuscitation (in the absence of
relative or absolute contraindications). Volume status and
renal perfusion can be assessed indirectly by monitoring
urine output. Urine output of 0.5 to 1 mL/kg/hr in an adult
(153–155) or 1 to 2 mL/kg/hr in a pediatric patient (156,157)
is associated with adequate renal perfusion. The most
common cause of poor urine output in the trauma patient is
hypovolemia, but once volume depletion has been restored,
it may be necessary to evaluate for other causes (Volume 2,
Chapter 10). Accurate correlation of urine output with true
intravascular volume status may be confounded by diuretic
therapy, glucosuria, intoxication, or renal injury. The urine
should be visibly inspected for hematuria, which can be an
indication of bladder rupture or hemolysis.

Temperature Monitoring and Warming Devices
The prevention of hypothermia is an important goal during
the resuscitation and management of trauma victims (158).
The causes of hypothermia are multifactorial and include
altered central thermoregulation, decreased heat production
on account of tissue hypoperfusion in hemorrhagic shock,
exposure to low ambient temperature, and infusion of inade-
quately warmed resuscitation fluids and blood components
(159). Hypothermia increases oxygen consumption during
shivering and nonshivering thermogenesis (160). Hypo-
thermia also exacerbates hemorrhage-related coagulopathy,
decreasesmicrovascularbloodflow,andreducesplateletaggre-
gation (161). The risk of developing a hypothermia-associated
coagulopathy increases as patient temperature drops below
348C (Volume 1, Chapter 40) (162,163). The combination of
hypothermia, metabolic acidosis, and progressive coagulo-
pathy is referred to as the “lethal triad” because each insult
exacerbates the others and can lead to life-threatening bleeding
(162–166). For these reasons, Accurate measurement of
core temperature and the use of effective warming maneu-
vers are essential during care of the trauma patient.

Core temperature measurement is the most accurate
during shock, as blood will preferentially be diverted
away from the skin and periphery to core organs (Volume 2,
Chapter 11). Core temperature can be measured with
thermisters placed near the tympanic membrane, distal
esophagus, nasopharyngeal area, and in the pulmonary
artery. The axilla, rectum, bladder, and mouth are all con-
sidered “intermediate” sites, and can be sources of error
during trauma surgery. If measurement of core temperature
through PAC is not indicated, the next most reliable tempera-
ture sites in critically ill patients are urinary bladder and eso-
phagus (167). In the operating room, the distal esophagus,
nasopharyngeal area, and tympanic membrane are the most
reliable noninvasive temperature monitoring sites (168). When
consideration of brain temperature is important (i.e., with
TBI), tympanic membrane and nasopharyngeal probes are
equally reliable, and correlate best with brain temperature (169).

Active warming (adding heat to the patient) is gener-
ally considered superior to passive warming (decreasing
the rate of heat loss), but both approaches should be com-
bined in the OR (170,171). Warming the TRS, minimizing
unnecessary patient exposure, and covering the patient
with warm linen blankets or forced air devices are firstline
treatment options for hypothermia. During extensive pro-
cedures the amount of patient exposure necessary for the
surgical field may limit surface area available for warm
blankets or forced air. Circulating water mattresses may be
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Figure 11 Characteristic intracardiac pressure waveforms

during passage of pulmonary artery catheter through the heart.

Abbreviations: RA, right atrium; RV, right ventricle; PA,

pulmonary artery; PCW, pulmonary capillary wedge. Source:

From Ref. 217.

Table 12 Electrocardiogram Criteria for Ischemia

Horizontal ST segment depression of 1 mm (0.1 mV)

Downsloping ST segment depression .1 mm (0.1 mV)

Upsloping ST segment depression of 2 mm (0.2 mV)

ST elevation of 1 mm (0.1 mV) in non-Q wave lead

T wave inversion

Source: From Ref. 152.
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placed under the patient, but caution is advised as there
have been reports of associated burns (172). Intravenous
fluid warmers and transfusion devices are available from a
wide variety of manufacturers. At slow and moderate
flows (1–33 mL/min), Hotlinew (Level-1, Inc., Rockland,
Maryland, U.S.A.) coaxial countercurrent fluid heat
exchange is most effective for warming room temperature
saline and cold blood products (173,174). At higher flow
rates (gravity and pressure driven flows, roller clamp wide
open), the Level 1 Rapid Infuser Systemw (Level-1, Inc.,
Rockland, Maryland, U.S.A.) is more effective (173,174).
Infants may also benefit from the use of heat lamps. The
combination of two or more passive warming methods can
be as effective as active warming (175).

Hematological Monitoring
One goal of hematological monitoring is to identify anemia
and coagulation derangements quickly in order to facilitate
early corrective action. Estimated blood loss and

hemoglobin/hematocrit level should be continually

assessed and volume should be restored with crystalloid,
colloid, or packed red blood cells (Volume 1, Chapter 11
and Volume 2, Chapters 54 and 59). The schematic in
Figure 12 serves as a detailed guide for the anesthesiologist
to estimate blood loss in the operating room (109). Tra-
ditional coagulation tests include bleeding time, PT, INR,
aPTT, thrombin time, fibrinogen and factor assays, and
platelet function studies. In the setting of active bleeding
or surgery, the American Society of Anesthesiologists Task
Force on Blood Component Therapy recommends transfu-
sion of FFP for PT or aPTT that is .1.5x control values, trans-
fusion of cryoprecipitate or fibrinogen concentrate if
fibrinogen level is ,1.0 g/L, and transfusion of platelets if
platelet count is ,50 x 109 L– 1 (Volume 2, Chapter 59)
(176). In addition to the transfusion of blood products,
there are several pharmacological therapies, including
aprotinin, tranexamic acid, aminocaproic acid, desmo-
pressin, and recently, rVIIa, that are being used to stop
bleeding (177).

Figure 12 Blood loss estimation. Assessment of blood loss in the operating room involves both direct observation and use of physiological

parameters. Direct observation includes estimation of blood on the surgical field and in suction canisters and lap sponges. Assessment of

physiological parameters involves quantification of pressure decreases in systemic arterial (PSA), central venous (PCV), pulmonary artery

(Ppa), and pulmonary capillary wedge (Ppaw), as well as decreases in cardiac output (Qt). Abbreviations: Hb, hemoglobin; HCT, hematocrit;

SVR, systemic vascular resistance. Source: From Ref. 109.
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Use of thromboelastography (TEG) has become
routine during liver transplantation and cardiac surgery to
optimize blood product selection (Fig. 13A) (178). TEG
measures the dynamic coagulation process from the initial
clotting cascade to platelet interaction and clot strengthening
(through platelet GPIIb/IIIa receptors) to fibrinolysis (179).
In this regard, TEG provides information concerning the
balance of two important and opposing components of
coagulation, thrombosis and lysis (179). The tracings gener-
ated via TEG (Fig. 13B) can help direct the appropriate selec-
tion of blood products, and may be useful during massive
transfusion for the trauma patient with hemorrhagic shock.

Due to the rising use of anticoagulation therapy in the
population, trauma patients may present with a preinjury
propensity to bleed. Table 13 presents some of the common
antiplatelet drugs used to treat patients with a previous
history of myocardial infarction, stroke, or peripheral vascu-
lar disease. In addition, a trauma patient may be taking
warfarin (vitamin K antagonist) or heparin (subcutaneous,
unfractionated, or low molecular weight formulation). Her-
bal remedies such as garlic have been associated with
increased bleeding tendency (180,181). Knowledge of patient
medications, a high index of suspicion for these agents if the
drug history is unknown, and prompt correction of coagulo-
pathy are critical to prevent unnecessary blood loss.

Disseminated intravascular coagulation (DIC) is a clini-
cal syndrome that is classified into two types, a subclinical
compensated activation of hemostatic factors (nonovert DIC)
and a decompensated coagulopathy (overt DIC) (Volume 2,
Chapter 58) (182). DIC is characterized by widespread
deposition of fibrin clots throughout the circulation (183).
Early diagnosis is achieved by measurement of fibrin-related
parameters such as D-dimer antigen, fibrin monomer
antigen, soluble fibrin complexes, and fibrin degradation pro-
ducts (184). Waveform analysis of aPTT (demonstrating a
characteristic biphasic curvature) has recently been shown to
be superior to D-dimer measurement for predicting the risk
of DIC in ICU patients (185).

Neuromuscular Blockade Monitoring
Patients who receive continuous or bolus administration of
NMB drugs require intermittent twitch evaluation to assess
the level of paralysis (186). If a nondepolarizing NMB drug
is used, the number of twitch responses should be deter-
mined during train-of-four (TOF) stimulation (Fig. 14A). If
a depolarizing NMB drug (i.e., succinylcholine) is used,
twitch height should be assessed during TOF stimulus
(Fig. 14A). With use of NMB drugs, titration to one or
two twitches permits reversibility in a short amount of
time, especially with the use of specific reversal agents

Figure 13 Thromboelastograph coagulation monitoring.

(A) Components of the thromboelastograph include a rotating

cuvette, a suspended piston attached to a torsion wire, and a

recorder. As blood clots, the cuvette rotation is transmitted to

the torsion wire and produces a tracing by the recorder.

Quantitative parameters can be derived from the tracing such as

reaction time (R), coagulation time (K), alpha angle (a), and

maximum amplitude (MA). (B) Characteristic tracings produced

by the thromboelastograph. Source: From Refs. 84, 218.

Table 13 Common Anti-platelet Agents

Drug class Examples Mechanism of action

GPIIb/IIIa antagonists Orbofiban, sibrafiban, lotrafiban, eptifibatide

(Integrilinw), tirofiban (Aggrastatw), abciximab

Bind to GPIIb/IIIa receptors, inhibiting platelet

aggregation

ADP inhibitors Clopidogrel (Plavixw), ticlodipine Inhibit ADP binding to platelet receptors which

irreversibly inhibits platelet aggregation

COX/thromboxane A2

inhibitors

Aspirin, NSAIDs Inhibit prostaglandin synthesis and irreversibly

inhibit platelet aggregation

Phosphodiesterase inhibitors Cilostazol (Pletalw) dipyridamole (also inhibits

thromboxane A2)

Inhibit PDE! increased cAMP! inhibits

platelet aggregation

Abbreviations: ADP, adenosine diphosphate; cAMP, cyclic adenosine monophosphate; COX, cyclooxygenase; GP, glycoprotein; NSAIDs, nonsteroidal anti-

inflammatory drugs; PDE, phosphodiesterase.
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(anticholinesterase inhibitors). A TOF value greater than 0.90
(Fig. 14B) is associated with sufficient recovery from paraly-
sis to be able to protect the airway (187). The patient’s twitch
response should meet this criteria on and should also
demonstrate sustained contraction to 100 Hz tetanus
without fade for .5 seconds prior to considering adequate
reversal for safe extubation (188).

Fetal Monitoring
Gravid trauma patients who are at least 24 weeks estimated
gestational age have a viable fetus. Since trauma and surgery

can precipitate early labor, an obstetrical consult must be
promptly obtained. A tocodynamometer can be placed exter-
nally on the gravid abdomen for observation of uterine con-
tractions if labor is suspected. In the supine position, the
enlarged uterus can compress the descending aorta and
inferior vena cava causing maternal hypotension and com-
promised perfusion to the fetus. To prevent aortocaval insuf-
ficiency, it is important to maintain left uterine displacement
during care of the gravid trauma patient. A fetal heart
monitor can be placed externally (or internally if late in the
pregnancy) to monitor beat-to-beat variability (Fig. 15) and
intermittent accelerations, which are signs of fetal well

Figure 14 Peripheral nerve stimulator monitoring. (A) Train-of-four (TOF) stimulation and characteristic response patterns for

nondepolarizing and depolarizing neuromuscular blockade. With nondepolarizing blockade, response is measured as 0–4/4 twitches.

With depolarizing blockade, response is measured by twitch height. Abbreviation: NMBA, neuromuscular blocking agent. Source: From

Ref. 219. (B) Changes in response to TOF stimulation during varying intensities of nondepolarizing neuromuscular blockade. Source:

From Ref. 84.

Figure 15 Fetal heart rate monitoring. Fetal heart rate tracing showing long-term variability associated with fetal well-being.

Source: From Ref. 220.
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being. Loss of heart rate variability or persistent decelerations
are indicators of possible fetal distress. In this situation, a fetal
scalp pH may be obtained at the discretion of the obstetrician.
Acidosis further signifies fetal distress. The status of the fetus
must be verified immediately prior to and following any sur-
gical intervention on the mother. Ultrasound may be utilized
to diagnose abruption, placenta previa, or to confirm esti-
mated gestational age (Volume 1, Chapter 38).

EYE TO THE FUTURE
Auditory Evoked Potential Index
Middle latency auditory evoked potentials (AEPs) are
known to represent the earliest cortical response after an
auditory stimulus and can be monitored on EEG (189). The
auditory evoked potential index (AAI) uses an auditory
signal to measure brain activity and has been tested for its
ability to assess “level of consciousness” in anesthetized
patients. Studies have yielded conflicting results regarding
the clinical value of AAI, its correlation with level of con-
sciousness, and whether it is superior to the BIS monitor
(190–193). These studies indicate that no single device cur-
rently on the market can accurately measure depth of
anesthesia and level of consciousness in varying situations.
Recently, a new monitor has become available that combines
AEP and EEG for estimation of the patient’s level of anesthe-
sia (189). Further studies are necessary to assess the corre-
lation between derived indices and level of consciousness,
but this device is expected to provide improved monitoring
of anesthetic depth and awareness.

Sublingual Capnometry
Circulatory failure and shock result in tissue hypoxia and
excess CO2 production (194). Studies have suggested that
regional CO2 monitoring may be an effective method for
assessing the adequacy of resuscitation in patients with
shock (195). Gastric intramucosal CO2 has already been
shown to be a useful prognostic marker of the response to
therapeutic interventions (195). It is a reflection of splanchnic
blood flow, but it requires gastric tonometry, which is semi-
invasive and sensitive to a rapidly changing environment,
making it clinically impractical during trauma surgery
(195). Measurement of sublingual carbon dioxide (PSLCO2)
is technically simple, noninvasive, provides immediate infor-
mation, and has shown good correlation with gastric intra-
mucosal carbon dioxide (195). The difference between
PSLCO2 and PaCO2 (PSLCO2 – PaCO2) is a sensitive measure
of tissue perfusion and a useful endpoint for therapeutic inter-
ventions in hemodynamically unstable patients (196). The
PSLCO2 monitor has been found to be highly predictive of
outcome in patients with severe sepsis or septic shock

(196), and may also be useful in the trauma patient with
shock.

Noninvasive Blood Hemoglobin Measurement
Current methods for measurement of blood hemoglobin
require invasive blood sampling and cannot provide real
time, continuous values (197). Further development is
needed, but it may be possible to avoid excessive phlebot-
omy by following blood hemoglobin with noninvasive tech-
niques instead. Currently, a modified SpO2 monitor exists
that measures hemoglobin as the ratio of pulsatile changes
in absorbance and scatter of light across a body part with
88% positive predictive value and 87.5% negative predictive
value (198). Other investigators have found the use of

optoacoustic techniques for noninvasive continuous moni-
toring of hemoglobin to be accurate in vitro (197). Additional
developments (e.g., pulse hemometry) may also enable the
noninvasive measurement of total hemoglobin concen-
trations in order to account for methemoglobin and carbox-
yhemoglobin (106).

Noninvasive Pulmonary Gas Exchange Parameters
Evaluation of pulmonary gas exchange abnormalities can
help decrease the delay between hypoxemia and therapeutic
interventions in the ICU (199). The Automatic Lung Par-
ameter Estimation (ALPE) system consists of a ventilator, a
gas analyzer with pulse oximeter, and a computer that esti-
mates pulmonary shunt fraction and ventilation/perfusion
mismatch from a simple noninvasive procedure. This
system allows for calculation of these parameters every 10
to 15 minutes to enable clinicians to monitor trends (199).
Clinical applications of the ALPE include monitoring pul-
monary gas exchange abnormalities in critically ill patients
and assessing postoperative gas exchange abnormalities
(199), both of which may be applicable to the trauma patient.

Noninvasive Cardiac Output Monitoring
The current “gold standard” for Q̇ monitoring involves the
thermodilution technique using a PAC, which is invasive
and associated with significant risks. Several noninvasive
methods for measurement of Q̇ are currently available, but
each has limitations and requires further study. Noninvasive
measurement using indirect Fick calculation is practical and
relatively easy to apply to mechanically ventilated patients,
but is not always accurate in patients with significant lung
disease or multi-organ failure (200). Esophageal Dopplers
use m-mode ultrasound to measure aortic diameter and
although this method is slightly more invasive and requires
more operator skill, it is associated with low risk and may
be a better option for the critically ill patient (200).
Bioimpedance has been found to be less accurate in patients
with significant intrathoracic fluid shifts such as those with
ARDS, congestive heart failure, peripheral edema, or
pleural effusions (200,201). Furthermore, this technique
fails when electrocautery is used. Pulse contour devices
provide beat-to-beat measurement of Q̇ and have shown
good correlation with pulmonary artery thermodilution
during times of stable hemodynamics, but require frequent
re-calibration in patients with unstable hemodynamics
(200). The noninvasive hemodynamic analyzer (NHA) is a
computer system that calculates Q̇ from vital signs and
anthropological data (202). NHA was found to provide
reliable Q̇ data in low, normal, and high flow states, but
was not as accurate in patients with dysrhythmias and has
not been studied in trauma patients (202). Edwards Life-
sciences is currently studying a continuous Q̇ monitor that
integrates data from the arterial pressure waveform. Early
studies have shown good correlation with thermodilution
Q̇ (203,204).

Continuous Noninvasive Blood Pressure Monitoring
Although invasive arterial BP monitoring is the “gold stan-
dard” for continuous BP measurement, it can be associated
with complications such as bleeding, embolization, throm-
bosis, ischemia, and infection (205). Newer devices avail-
able for NIBP monitoring include arterial tonometry and
compression transducers placed over the radial artery.
Tonometry captures the radial artery pulse waveform and
sends it to a computer analyzer, which displays BP in real
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time (206). The tonometer must be calibrated against a
NIBP cuff value and proper application requires training
and practice. The Vasotracw (PMS Instruments Ltd. Berk-
shire, U.K.) is a single pressure transducer applied over
the radial artery that works by intermittent compression
and decompression of the artery and can measure BP
every 12 to 15 beats (205). Studies have found Vasotrac
measurements to correlate well with BPs measured by inva-
sive arterial catheterization and by oscillometric cuff
(207,208).

Continuous Arterial Blood Gas Analysis
In the case of a critically ill patient, ABG values may change
rapidly and unexpectedly and it may be helpful to monitor
these dynamics by continuous ABG analysis. Currently,
the only commercially available continuous intravascular
blood gas monitor is the Paratrendw (Phillips Medical
Systems, Andover, Maryland, U.S.A.), which has yielded
conflicting data in clinical trials. Measurements of pH and
PaCO2 have been acceptable and accurate, but measure-
ments of PaO2 have led to imprecise values that did not

Table 14 Summary of Monitoring Modalities

Physiologic parameter Equipment options Recommendations for use

Neurological function ICP monitor

Evoked potentials

Anesthesia depth monitor

TBI or decreased GCS

Risk of SCI

Risk of awareness

ETT placement Clinical verification

Exhaled CO2

EDD

All patients intubated

All patients intubated

Intubated patients with low Q̇

Oxygenation Pulse oximeter

PaO2 via arterial catheter

SvO2 pulmonary artery oximeter

Continuous for all patients

Invasive monitors for injuries that impair oxygenation, large

blood loss, peripheral vasodilation or vasoconstriction

Ventilation Capnometer, capnograph, or

colorimetry

PaCO2 via arterial catheter

Vent parameters (VT, Ppeak)

Continuous for all patients intubated

Determination of acid–base status and PaCO2—PETCO2

All patients mechanically ventilated

Electrical activity of heart Pulse oximeter, ECG

Computerized ST segment analysis

Continuous monitoring of rate, rhythm, and presence of

ischemia for all patients

Significant artifact on ECG

Arterial BP Manual cuff, oscillometric cuff

Indwelling arterial catheter

Palpate or Doppler pulse

Intermittent NIBP measurement for all patients

Invasive catheter for patients with cardiac history, increased

ICP, large blood loss, or anticipated significant BP fluctuation

May be only option in code situation

Vascular anatomy Portable ultrasound probe Identification of proper landmarks and vessels for cannulation

CVP Indwelling CVP catheter

Multiorifice CVP catheter

Anticipated significant fluid shifts

Risk of VAE

Cardiac output PAC with intermittent thermodilution

PAC with continuous Q̇

Pulmonary HTN or LV dysfunction

Pulmonary HTN or LV dysfunction and anticipated significant

fluid shifts

PA pressure PAC Pulmonary HTN or LV dysfunction

Real-time imaging of

heart

TEE Assessment of structure/function of myocardium, septum,

valves; assessment of volume status when large fluid shifts

likely; monitor for sources of emboli

Renal function Indwelling foley catheter Indirect assessment of fluid status and renal function

Temperature Oral, axillary, esophageal, skin,

tympanic, rectal, bladder, PAC

Continuous in all patients (core temperature monitoring better

than peripheral)

Hematological status Hb/Hct

Coagulation factors, platelets

Fibrin and fibrinogen assays

TEG

Preop and post-op; intra-op depending on surgery and patient

condition

Concern for DIC

Large blood loss, need for multiple products

Neuromuscular function Twitch monitor TOF stimulus and tetanic stimulus when NMB used

Uterine contractions and

fetal status

Tocodynamometer

Fetal heart monitor

Pregnant patient .24 weeks EGA

Abbreviations: BP, blood pressure; CO2, carbon dioxide; CVP, central venous pressure; DIC, disseminated intravascular coagulation; ECG, electrocardiogram;

EDD, esophageal detection device; EGA, estimated gestational age; ETT, endotracheal tube; GCS, Glasgow Coma Scale; Hb/Hct, hemoglobin/hematocrit;

HTN, hypertension; ICP, intracranial pressure; LV, left ventricle; NIBP, noninvasive blood pressure; NMB, neuromuscular blockade; PA, pulmonary artery;

PAC, pulmonary artery catheter; Ppeak, peak inspiratory pressure; PaCO2, arterial partial pressure of carbon dioxide; PETCO2, end-tidal CO2; PaO2, arterial

partial pressure of oxygen; Q̇, cardiac output; SCI, spinal cord injury; SvO2, mixed venous partial pressure of oxygen; TBI, traumatic brain injury; TOF,

train-of-four; TEE, transesophageal echocardiography; TEG, thromboelastogram; VT, tidal volume; VAE, venous air embolism.
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correlate well with other methods of PaO2 measurement
during thoracoscopic surgery (209). Other studies using
Paratrend in neurosurgical patients showed good perform-
ance, even for PaO2 measurements (210,211). Anecdotal
experience at UCSD Medical Center has shown excellent cor-
relation of PaO2 between Paratrend and laboratory ABG
analysis over the last five years. Further trials are necessary
to clarify the situations in which continuous ABG analysis
can be expected to be reliable.

SUMMARY

All aspects of trauma patient care are enhanced by antici-
pation, teamwork, close observation, monitoring, and prep-
aration for significant alterations in clinical status. Once the
emergency medical system is activated, the patient will be
taken to a receiving trauma center adept in advanced
trauma life support. Communication among members of the
team is critical to optimize outcomes. Careful evaluation and
management of all forms of injury, beginning with the basics
of airway, breathing, and circulation must be accomplished
as efficiently as possible. If surgery is necessary, full support
must be available in the OR and the anesthesiologist and sur-
geons together must decide if the patient is stable enough to
proceed or if further resuscitation and evaluation are necess-
ary first. An anesthetic plan must be formulated for each
patient with full awareness that sudden changes in patient
condition may justify modifications to the proposed plan.

Monitoring permits closer observation and manage-
ment of the trauma patient. A variety of techniques is avail-
able and must be selected carefully depending on the
patient’s clinical status (Table 14). Neurological monitoring
with ICP measurements facilitates prompt treatment for cer-
ebral protection. Other neurological monitors allow assess-
ment of spinal cord integrity and depth of anesthesia.
Confirmation of correct ETT placement and adequate oxy-
genation and ventilation constitutes the standard of care
for respiratory monitoring during both prehospital and peri-
operative management. Hemodynamic monitoring includes
both noninvasive and invasive pressure assessment, echo-
cardiography, mixed venous co-oximetry, Q̇, and ECG moni-
toring. Temperature and urine output should be continually
assessed, as it is important to optimize these parameters in
care of the trauma patient. Blood loss and coagulation
status must be closely followed especially when surgical
intervention is needed. The extent of NMB drug effect
should be assessed intermittently with a twitch monitor.
The pregnant trauma patient requires fetal assessment and
monitoring in addition to the standard resuscitation and
evaluation process necessary for all trauma patients. Clinical
evaluation of novel monitoring techniques is an ongoing
process aimed to improve accuracy, efficiency, and safety
during the care of critically ill patients.

KEY POINTS

The trauma anesthesiologist may be required to provide
acute airway management at any time during the initial
evaluation. The anesthesiologist should be present for
patient arrival whenever prehospital information
suggests that definitive airway management will be
required.
Most trauma patients will benefit from administering
volume resuscitation before initiating general anesthesia

and surgery. However, some patients will require emer-
gency surgery to locate a major source of bleeding in
order to achieve hemostasis.
The anesthesiologist must have a complete understand-
ing of the injuries that have occurred and must be
aware of all pertinent imaging and laboratory results
before proceeding to the OR (when time and patient
stability allow); these results may impact subsequent
resuscitation and anesthetic management.
The anesthesiologist must be aware of the status of the
C-spine for all trauma patients requiring intubation
and/or surgical intervention.
In the case of a life-threatening injury requiring emer-
gency operation, time for information gathering and
patient preparation is diminished. Intravenous access
must be assured (optimally with two large bore cath-
eters or central lines) and when possible, arterial lines
should be placed before the induction of anesthesia.
When the trauma patient is stable and there is time for
patient preparation, all data should be reviewed,
appropriate intravascular access should be obtained,
hypovolemia should be corrected, and the anesthesiol-
ogist should have a comprehensive plan for further
fluid and monitoring needs.
A general anesthetic is indicated when the patient is
unstable, uncooperative, or has multiple injuries.
In emergency circumstances, life support measures take
precedence over standard monitoring, but once the
patient is stabilized, appropriate monitoring should
be utilized.
At a minimum, respiratory monitoring for the trauma
patient should include confirmation of ETT placement
and assessment of oxygenation and ventilation.
Since organ blood flow cannot be directly measured in
clinical practice, arterial BP is monitored and a mean
arterial pressure of 70 mmHg is considered a reason-
able target in most adult patients.
Accurate measurement of core temperature and the use
of effective warming maneuvers are essential during
care of the trauma patient.
Estimated blood loss and hemoglobin/hematocrit level
should be continually assessed and volume should be
restored with crystalloid, colloid, or packed red blood
cells.
The PSLCO2 monitor has been found to be highly pre-
dictive of outcome in patients with severe sepsis or
septic shock (196), and may also be useful in the
trauma patient with shock.
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INTRODUCTION

Complete resuscitation is the restoration of homeostasis at the
systemic, organ, tissue, and cellular level, following a disrup-
tive insult. Initial resuscitative efforts (Volume 1, Chapter 12)
commence in the trauma resuscitation suite (TRS) or occasion-
ally in the prehospital period (Volume 1, Chapter 3). These
initial interventions may elevate the patient from severe
shock into a compensated shock state in which homeostasis
is partially restored. Patients existing in this incompletely
resuscitated condition can rapidly deteriorate in the operating
room (OR) or in the surgical intensive care unit (SICU) unless
ongoing resuscitation goals are met. No predefined duration
of the resuscitation period exists. However, for the purpose
of this textbook, the stage occurring after the patient leaves
the TRS is referred to as the “ongoing resuscitation period”
and is the subject of this chapter.

Controversy exists regarding how best to monitor
and achieve complete resuscitation, because the most appro-
priate endpoint or constellation of endpoints indicating
optimal resuscitation have been an area of disagreement.
Some of the controversy stems from the recognition that
many factors influence resuscitation, and numerous factors
confound the various endpoints. Some of the disagreement
over optimal endpoints is fueled by the introduction of
new technologies with unproven methodologies in the
dynamic setting of trauma and critical care.

Regardless of the treatment or monitoring
methods used, the goal of resuscitation is to fully restore

homeostasis and prevent cytopathology. The principles
of initial resuscitation and shock prevention were discussed
in Volume 1, Chapter 12. This chapter reviews the ongoing
resuscitation goals as the patient is transferred from care deliv-
ered in the TRS to the OR, (where “damage control surgery”
may occur) and/or during early management in the SICU. To
this end, the currently available monitoring and treatment
techniques will be explored to provide a rational and evi-
dence-based, but not evidence-constrained, method
of assessing the adequacy of ongoing resuscitation after
injury. As shown in Table 1, no single monitoring endpoint is
perfect, but most are useful, in particular, if one knows the
factors that cause errors within the measurement system.

The current resuscitation paradigm supports the

notion that hypoperfusion results in metabolic acidosis,
principally derived from the generation of lactate.
Although lactic acidosis results from under resuscitation,

cell injury and death result more directly from hypoperfusion
itself and is only minimally influenced by systemic acidosis.
The treatment of acidosis in the trauma patient occurs as a
combination of volume expansion and hemorrhage control.
The corollary to this treatment paradigm is that although
lactate itself is not lethal when present in physiologic
quantities, the reversal of acidosis does confer a survival
advantage. That this corollary is true derives from the obser-
vations of Abramson et al. (1) that survivorship after trauma
is directly related to the time course of lactate clearance.

Broadly categorized, resuscitation methods include
direct physical examination, vital sign trending, biochemical
assessment, cardiac performance measurement, and evalu-
ation of regional oxygenation and perfusion. Each of these
areas will be explored below. However, a review of the
shock-associated derangements in cellular physiology is
essential in order to understand how the different assess-
ment techniques relate to the underlying abnormalities.

CELLULAR PHYSIOLOGYOF HYPOPERFUSION
Mitochondria as the Powerhouse of the Cell

Understanding the basis of cellular respiration and
energy production is required to fully perceive the goals
of ongoing resuscitation. The mitochondrion serves as
the powerhouse of the cell. Mitochondria are adapted to
low levels of pO2, with normal metabolism occurring in
the range of 3 to 10 torr. When the pO2 drops below 3 torr
at the mitochondrial level, the electron transport chain fails
to properly function.

The mitochondrion is very resistant to reperfusion
injury from toxic oxygen metabolites (TOM), such as hydro-
gen peroxide. This is due to the increased concentration of
catalase in comparison to the cytoplasm of the cell. Catalase
degrades peroxide, a final common entity in the schema of
TOM generation during oxygenated reperfusion. In particu-
lar, catalase protects mitochondrial creatine kinase, thus
preserving adenosine triphosphate (ATP) generation and
transfer of a high-energy phosphate to creatine for export
into the cytoplasm as phosophocreatine (PCr). In contrast,
cytoplasmic creatine kinase is subject to TOM injury.
Accordingly, the cytoplasm is impaired in regenerating
ATP from the exported PCr, leading to metabolic failure
despite the presence of initially viable mitochondria. Using
high-field nuclear magnetic resonance (NMR) spectroscopy,
these events are detectable as an increased ratio of PCr to
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ATP, termed the “PCr overshoot” (2). Therefore, the typical
problem in the injured cell is not with the generation of
energy within the mitochondria, but rather the failure of
energy utilization in the cytoplasm.

Aerobic vs. Anaerobic Respiration
The cell is capable of producing energy by both aerobic
and anaerobic respiration depending on the conditions.
Aerobic respiration with glucose entering into the Krebs
cycle for hydrogen ion generation for the electron transport
chain is the usual and preferred method. This generates
a net energy amount of 36 ATPs. In the hypoperfused and
dysoxic state, the cell engages in anaerobic respiration.
Glucose is shunted into lactic acid production instead of
the more energy efficient tricyclic acid (TCA) cycle; only a
net of two ATPs results from this pathway. Anaerobic respir-
ation can result from either inadequate oxygen delivery
(ḊO2) or oxygen utilization (V̇O2). It is important to remem-
ber that inadequate ḊO2 and V̇O2 may coexist with normal
or high arterial oxygen concentration (pO2).

GOALS OF RESUSCITATION
Limited Resuscitation Concept
Over the last decade, the concept of “limited” or “delayed”
resuscitation has engendered much debate. Delayed resusci-
tation proponents hold that vigorous volume resuscitation

prior to definitive hemorrhage control accelerates hemorrhage
and reduces survivorship (3). Despite an initially compelling
study, this practice has not been universally accepted as a stan-
dard. Instead, “small volume resuscitation” targeted to main-
taining a “subnormal” mean arterial pressure (MAP) prior to
the cessation of hemorrhage is increasingly adopted. In a
recent study by Dutton et al. (4), targeting a lower systolic
pressure was as safe as a higher pressure in trauma patients
requiring operative intervention (4). Originally, subnormal
or delayed resuscitation was thought to be more appropri-
ate for penetrating trauma (3). However, there may be little

difference between penetrating and blunt trauma patients
with regard to this management paradigm.

Severely injured patients in extremis have a very poor
survival rate with current therapy. In an ideal world,
bodily functions would be temporarily suspended until the
injuries were repaired and perfusion could be safely
restored. This would allow for surgery in a bloodless field
and retard metabolism until it is capable of being sustained.
This phenomenon has been well studied in canines (5). More
than a decade ago, Tisherman et al. (5) showed that dogs
were resuscitatable following up to two hours after deep
hypothermic circulatory arrest when core temperature was
,108C. The dogs were placed on cardiopulmonary bypass
(CPB), and the animals were hemodiluted to a hematocrit
of less than 10%. The dogs were given metabolic supplemen-
tation consisting of pyruvate, glucose, and phosphate. The

Table 1 Resuscitation Endpoints and Cautionary Notes

Endpoint Condition during shock Cautionary notes and comments

Skin color, temperature,

and moisture

Pale, cool, diaphoretic Early warning signs less helpful during GA

HR and BP " HR and # BP If changed, .30–40 % BV lost (ATLSw)

SPV (delta down)a .10 mmHg during PPV using

conventional VT (10–15 mL/kg)

¼ Pt. is “dry”

Hct # but, acutely may not change

til fluid resuscitation

Acute Hct ,20 may lead to myocardial lactate

"; but, unreliable indicator of preload

Uo # Uo (unless concomitant diuretics) Unreliable, but anuria when previously nl

Uo ¼ Pt. is dry

CVP and PaOp Less than normal which varies with patient Unreliable, but ,2–4 mmHg ¼ Pt. is dry

(especially with PPV)

TEE Small intraventricular volume Best measure of preload.

Q̇ and BP also rise and fall with preload

Fick equation " from baseline a-vDO2 Excellent global perfusion endpoint tool

PETCO2 # PETCO2 Can guide adequacy of resuscitation—but numerous

confounders of which to be aware

Sublingual PCO2 and

gastric tonometry

# pHim Provides a degree of organ specificity

NIRS # O2 sat of vascular bed measured

(often brain)

Provides a degree of organ specificity

Core temperature #during shock and resuscitation Neuroprotective, but impairs coagulation and

immune systems

Platelet count and

coagulation factors

All # with massive hemorrhage Reflection of hemorrhage and resuscitation

pH, BD, lactate # pH, " BD, # lactate Global resuscitation endpoints

aWhen the delta down component of the SPV is .10 mmHg in patients ventilated with “conventional” (10–15 mL/kg) tidal volume the intravascular volume is

lower than required for optimum stroke volume. This topic is not reviewed in depth in this chapter. See Volume 1, Chapters 12 and 17, and Volume 2,

Chapter 9 for additional information.

Abbreviations: GA, general anesthesia; HR, heart rate; BP, blood pressure; BV, blood volume; ATLSw, Advanced Trauma Life Supportw; SPV, systolic pressure

variation; PPV, positive pressure ventilation; VT, tidal volume; Hct, hematocrit; Uo, urine output; nl, normal; Pt, patient; Dry, intravascular depleted; CVP, central

venous pressure; PaOp, pulmonary artery capillary wedge pressure; TEE, transesophageal echocardiography; Q̇, cardiac output; BP, blood pressure; a-vDO2, arter-

ial–venous O2 delivery difference; PETCO2, partial pressure of end tidal CO2; pHim, intramucosal gastric pH; NIRS, near-infrared spectroscopy; BD, base deficit; ",

increased; #, decreased.
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dogs were slowly re-warmed and resuscitated with minimal
neurologic deficit. This therapy has amazing potential, but
the problem of surviving to reach definitive care still
remains, so does the concern of exacerbating hemorrhage
following blunt trauma to multiple organs (e.g., brain,
liver, retroperitoneum, etc.).

When patients are injured without immediate access
to a trauma center, the challenge then becomes getting
the patient to survive long enough to receive treatment.
Behringer et al. (6) have proposed a way to bring suspended
animation to the prehospital setting. The goal is to induce
hypothermic circulatory arrest. This was achieved by
placing an aortic catheter via the femoral artery. An iced
slush was infused to induce diastolic arrest, as this is a
lower energy state than systolic arrest. A 60- to 120-minute
window in a canine model prior to the need for restoration
of circulation was achieved with normal or near-normal
neurologic recovery. Besides the concerns of inducing
hypothermia in multiple-injured patients with diffuse bleed-
ing, the current credentialing issues for the emergency
medical service (EMS) provider in the United States also
makes this a problematic solution. However, in selected
patients, this technology may be feasible in the European
Union where physicians (principally anesthetists) are
on-scene responders (see Volume 1, Chapter 3).

Trauma Resuscitation Priorities
The initial resuscitation and management priorities

occurring in the TRS are somewhat different from those
focused upon in the trauma OR or the SICU. However,
the ultimate endpoints of resuscitation are the same.
The initial TRS goals stem from Advanced Trauma Life
Supportw (ATLSw) priorities addressing life-threatening
considerations. Airway, breathing, circulation with hemor-
rhage control, disability, and exposure with environment
control are the initial priorities addressed during the
primary survey (Volume 1, Chapter 8), and other injuries
are evaluated and managed during the secondary survey
(Volume 1, Chapter 14).

The initial resuscitation goals to be achieved in TRS are
fully reviewed in Volume 1, Chapter 12. All critically injured
patients should have a variety of life-protective maneuvers
initiated including, but not limited to, appropriate intrave-
nous access, supplemental O2, as well as ECG, noninvasive
blood pressure, and pulse oximetry monitors. Volume resus-
citation is initiated or continued using crystalloids, colloids,
and blood component therapy as indicated. The amount
and type are dependent on physician preference, product
availability, and patient condition.

Tetanus immunization status should be determined
and updated as appropriate. The elderly and some individ-
uals (i.e., non-U.S. born) may never have received their
primary series of tetanus immunization. Patients unimmu-
nized with their primary tetanus series should receive both
tetanus immunoglobin and the primary series, although in
different extremities. Antibiotics may also be provided to
patients with grossly contaminated wounds or as preopera-
tive surgical prophylaxis as per local protocol. Increasing
evidence suggests that continuing that therapy beyond
24 hours is not indicated in the majority of cases (7). In a
hemodynamically unstable patient, there may be insufficient
time spent in the ED to address many of the above points.

Damage Control Surgery and Operative Resuscitation
The two main surgical goals for the critically injured

trauma patient undergoing a damage control operation are

hemorrhage and source (contamination) control (8).

This damage control procedure aims to rapidly achieve
both surgical goals to limit the amount of time spent in the
OR, thereby decreasing operative blood loss and minimizing
exacerbation of hypothermia and acidosis. The main anes-
thetic goals during damage control surgery are the mainten-
ance of optimum operating conditions and the restoration of
homeostasis.

Operative resuscitation utilizes the principles discus-
sed in this chapter with a focus upon repletion of intra-
vascular volume, maintenance of organ oxygenation and
perfusion, return to normothermia and elimination of acido-
sis and coagulation disorders. It is now recognized that com-
plete resuscitation requires many hours (sometimes days),
and once surgical sources of hemorrhage (and contamination)
are controlled in the OR and retroperitoneal bleeding is con-
trolled interventionally, the patients should be transported
to the SICU for further metabolic resuscitation (and, com-
monly, correction of coagulopathy).

Damage control precludes a definitive operation
(which is more time-consuming), and these patients often
require more than one operative procedure prior to complet-
ing unpacking, gastrointestinal continuity reconstruction,
and fascial closure. Importantly, planned or unplanned
exploration can occur in the SICU itself, if the patient is
too unstable to travel to the OR, especially when brief life-
saving procedures cannot wait for transport. For example,
opening the abdominal fascia to relieve an abdominal com-
partment syndrome (see Volume 2, Chapter 34) and
opening the chest or abdomen to control acute hemorrhage
can be life-saving procedures.

Surgical Intensive Care Unit: Resuscitation Completion
The SICU phase of resuscitation continues to address five
main elements begun in the TRS or in the OR: (i) metabolic
resuscitation, (ii) restoration of normothermia, (iii) correc-
tion of coagulopathy, (iv) provision of adequate oxygen
delivery (ḊO2), and (v) utilization (V̇O2). Resuscitative
efforts continue in the SICU until homeostasis has returned
to normal.

Careful attention is paid to controlling the systemic pH
as acid–base balance is intimately related to coagulopathy
in that the clotting cascade, with its cell surface-based para-
digm, represents a series of serine protease interactions. As
enzymes, the elements of the clotting cascade exhibit an
optimum pH and kinetics that are retarded by distorted
pH. Clotting abnormalities are further exacerbated by
electrolyte derangements including hypocalcemia and hypo-
magnesemia—both essential cofactors for ATP utilization.

New evidence documents a 7% increase in

hematocrit with acidosis that stems from red blood cell
(RBC) swelling (9). This phenomenon impedes flow by
accelerating viscosity at low and high shear rates and
may partly explain the “no-reflow” phenomenon that
follows in the wake of reperfusion. Importantly, the
increased hematocrit and RBC swelling are reversible with
acidosis correction. Further, all enzyme systems and
especially the clotting cascade are dramatically compro-
mised by core hypothermia.

HYPOTHERMIA
Known Benefits and Role in Metabolic Preservation
Despite the loss of clinical equipoise regarding hypothermia,
control of metabolism by deliberate thermal reduction offers
both putative and clinically relevant benefits in traumatic
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brain injury (TBI) (in certain highly selected patients) and
preservation of explanted solid organs. Hypothermia is
protective for diverse organ systems during periods of hypo-
perfusion in animal models (10). As previously mentioned,
profound hypothermia is beneficial in dogs in extremis;
human data, however, are lacking. Most of the tempera-
ture-related data come from aeromedical transport and eva-
cuation as well as trauma resuscitation (TRS, OR, and ICU)
where care providers actively engage in restoring core nor-
mothermia.

Potential Problems
Efforts to prevent or reverse hypothermia arise as a result of
a disastrous accompaniment of hypothermia—the deadly
triad of hypothermia, coagulopathy, and acidosis (11). It
is increasingly clear that the coagulopathy stems from
both low temperature and acidosis working in concert.

Using a pig model, Martini et al. (12) recently demon-
strated that acidosis alone increased splenic bleeding by
47%, and hypothermia alone caused a 57% increase, while
combined hypothermia and acidosis caused a 72% increase
in splenic bleeding time (all P , 0.05, pre vs. post). Interest-
ingly, different mechanisms may be at play, as hypothermia
caused a delay in the onset of thrombin generation, whereas
acidosis primarily caused a decrease in thrombin generation
rates (12). See Volume 2, Chapter 58 for additional insight
into the coagulation abnormalities seen with trauma.

The role of hyperchloremic metabolic acidosis that
results from massive volume resuscitation (particularly
with normal saline crystalloid solutions) has not been well
explored in this context. It is important to note that
elements of resuscitation that are designed to improve sur-
vivorship may have unintended consequences, such as an
accelerated metabolic acidosis that may further impair clot-
ting.

Hypothermia negatively impacts survival (13). As
core temperature falls toward 328C, mortality rises. It is
important to note, however, that despite frigid temperatures,
survival can occur—mostly, in conjunction with immersion
injury and near drowning (see Volume 1, Chapter 35). The
lowest recorded temperature in a surviving victim in that
setting was 98C.

Induced Hypothermia, Following Trauma
The potential for inducing hypothermia in patients in
extremis on arrival to the TRS to secure time to allow for
repair and resuscitation has been evaluated using an aortic
injury animal model (14). The animals were divided into
two groups. The first had a hyperkalemic, hypothermic
(18C), diastolic arrest induced and only small volume
infusions. The second group was bled to a similar degree
of hypotension, placed on CPB with cardioplegic arrest,
cooled to 108C, and then volume resuscitated. This group
was further subdivided into animals that underwent 20,
30, and 40 minutes of circulatory arrest. The group that
had continuous flow with CPB evidenced uniform survival
and neurologic recovery. In contrast, the group that was
only cooled demonstrated 100% survival, but only 66% of
the animals retained normal neurologic function after 30
minutes of arrest. Maintenance of flow in conjunction
with hypothermic preservation by metabolic rate reduction
appears viable, but is dependent on extracorporeal circula-
tion to achieve. However, due to training, equipment,
and logistical constraints, this is not yet a realistic resuscita-
tion goal for most trauma teams.

REVIEWOF RESUSCITATION ENDPOINTS
Physical Exam
To adequately resuscitate patients, one must be able to detect
and monitor hypoperfusion. The physical exam is an excel-
lent technique with which to initially detect hypoperfusion.
Hypoperfused patients demonstrate a host of characteristic
mental status derangements that span the gamut from
obtundation to agitation. Their vital signs may include
tachycardia, hypotension, hyperpnea (increased minute
ventilation), and a narrowed pulse pressure. Extremities
may be cool or mottled, indicating significant vasoconstric-
tion and an increased core-peripheral temperature gradient.
In the absence of distributive shock, physical exam will
reliably detect hypoperfusion.

Physical exam, by itself, is unable to quantitate hypo-
perfusion severity, and physical examination changes over
time may not correlate with survival benefit. Many patients
that succumb to multisystem organ failure die while
appearing to be well perfused; however, all will evidence
an antecedent period of poor perfusion as an initiating
factor. Importantly, little work addresses the ability to
monitor hypoperfusion at the microcirculatory end-organ
level. Thus, our evaluations tend to be systemic and global,
rather than specific and regional.

Kaplan et al. (15) explored combining physical exam-
ination with biochemical markers to evaluate the utility of
the physical examination to detect hypoperfusion. The
extremity temperature of SICU patients was determined by
palpation and correlated with concomitantly obtained
cardiac performance indicators, pH, bicarbonate, and
arterial lactate. Patients were considered hypoperfused
as defined by CI ,2.5 L/min/m2, SBP ,90 mmHg, and
lactate .2.2 mmol/L. The odds ratio for hypoperfusion
for a patient with cool extremities were four times that of a
patient with warm extremities. It is important to note
that 14% of patients with warm extremities also met the cri-
teria for hypoperfusion (15). These criteria are also utilized,
in part, by U.S. Special Forces to initiate resuscitation for
injured combatants (disordered mentation and palpable
pulse). Further study is warranted to determine if serial
changes in core-periphery temperature gradients are reliable
indicators of resuscitation success. At present, an abnormal
physical examination satisfies one goal both in the TRS
and in the SICU—signaling the need for resuscitation and
further evaluation of patients without obvious external
sources of hemorrhage or initial hypotension.

Biochemical Markers
Low pH is associated with metabolic dysfunction. Davis
et al. (16) demonstrated that the degree of acidosis on pres-
entation to the TRS in the ED correlated with mortality
and that an initial pH ,7.0 was inconsistent with survival.

Because pH is, in part, dependent on the resuscitation
fluid utilized and the amount infused (17), its predictive

power is diminished when used alone, without evaluation
of anion gap and or plasma lactate. The base deficit
(BD) represents the amount of base required to restore pH
to normal at a PCO2 of 40 torr. It is measured in milliequiva-
lents of bicarbonate per liter of bicarbonate body space. It is
an easy calculation to make, and most physicians are com-
fortable with using the value. It is also easy to serially inter-
rogate. BD, like pH, is best used along with calculation of
anion gap or lactate measurement. However, in the proper
clinical setting (where hyperchloremic metabolic acidosis is
less likely), both values can be used as predictors of the
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effectiveness of resuscitation and as arbiters of mortality. In
severe burn patients, a BD ,26 correlated better with mor-
tality than did pH. BD was identified as a better predictor
of volume needs and burn size (18). Survivors of traumatic
shock normalized their BD within the first 24 hours, and
this process began within the first few hours of injury. In
this study, BD was always significantly different in survivors
versus nonsurvivors while pH was only intermittently
different (16).

Acid ^Base Correlation with Survival
Looking at BD as a predictor of mortality, Krishna et al. (19)
evaluated severely injured patients and compared the type
of operative undertaking (definitive repair initially or a
damage control operation) with concomitant acid–base
variables. A BD ,212 or a core temperature ,338C, as
well as the combination of BD ,25 mEq/L and core
temperature ,358C, all correlated with mortality if a defini-
tive repair was undertaken. The coexistence of coagulopathy
and pH abnormality impacted survival but not as strongly as
did BD and temperature. Thus, one TRS goal is to identify a
priori the kind of operation that will likely be tolerated by
a trauma patient. This is consistent with the philosophy of
damage control surgery in that one begins an operation
intending to perform a damage control procedure prior to
skin incision as this technique is uniquely suited for patients
presenting with exsanguinating hemorrhage; hemorrhagic
shock is usually readily identifiable on, or shortly after, the
arrival in the TRS.

Despite the previously mentioned admonitions, the
initial BD obtained upon presentation does indeed correlate
with patient survival. On review of a large trauma database,
Dunham et al. (20) discovered that the LD50 for BD was
2 19 mEq/L regardless of injury. Unsurprisingly, the curve
describing the relationship of BD to mortality is dynamic.
Both age and the presence of a TBI alter the relationship
such that the curve for patients over the age of 55 is different
from that of their younger counterparts. However, adding
TBI to the patients less than 55 years of age alters their
curve such that it is exactly identical to that of their older
counterparts (13). Thus, another emergency department
(ED) goal is to identify patients at greatest need of resource
utilization and intervention. Assessing BD at presentation in
the ED helps achieve this goal.

Lactate as an Arbiter of Hypoperfusion
Similarly, lactate clearance also correlates with survival.
Patients who clear their lactate within 24 hours of injury
enjoy essentially uniform survival, whereas survival rates
drop precipitously when lactate clearance has not occurred
after 48 hours (1). Lactate and BD exist in a reverse symbio-
tic relationship: as lactate rises, BD becomes more negative
and vice versa (21). A preponderance of literature touts

lactate as the biochemical marker of choice for trauma
patient evaluation both on arrival and over time in the ICU,
mainly because it is not perturbed by as many factors
as pH and BD. Mikulaschek et al. (22) found that
in patients sustaining major cavitary injury that required
operative repair and postop SICU care, lactate best-
predicted survival versus both BD and anion gap. Impor-
tantly, there was no assessment of the corrected anion gap
or strong ion difference (SID) or strong ion gap (SIG). For a
more detailed discussion, see Volume 2, Chapter 45 on
acid base disorders.

The risk of infection correlates with increased

arterial lactate, even when vital signs have normalized
(i.e., occult hypoperfusion). A prospective evaluation of
trauma patients in a SICU that utilized protocol-directed
therapy to clear lactate explored this relationship. Almost
70% of the patients (263/381) demonstrated an elevated
lactate, and all patients that failed to clear their lactate died.
Patients that had either a normal lactate or cleared their
lactate within the first 12 hours had a similar infection rate of
approximately 12%. Patients that required between 12 and
24 hours to clear their lactate evidenced a 40% infection rate.
Patients that required longer than 24 hours to clear
their lactate had an infection rate of approximately 60% (23).

Strong Ion Gap (SIG) Correlation with Trauma Mortality
The Stewart method of acid–base balance relies on physico-
chemical principles to determine pH and proton con-
centration (24). Developed in 1983, this method evaluates
strong ions, weak acids, and CO2 as independent arbiters
of pH. Strong ions are ions that are nearly completely disso-
ciated at physiologic pH, generating a difference between
those positively and negatively charged are termed the SID.
The SID is the charge difference between the strong cations,
such as Naþ, Kþ, Mg2þ, Ca2þ, and anions, such as Cl2, and
lactate. This process also identifies unmeasured species that
are not accounted for by the anion gap. These unmeasured
ions generate a SIG. The presence of the unmeasured ions
correlates with mortality in patients presenting with major
vascular injury (25). In an unselected group of trauma
patients that presented with a SIG .7, there was 100%
mortality within 72 hours of admission, regardless of the
underlying injury (26). The SIG is a simple method and
is readily applicable to a variety of patient populations.
Studies are underway to evaluate the utility of SIG clear-
ance in a manner similar to that of lactate. It is important
to note that in the two above studies, the SIG more strongly
correlated with mortality than did lactate. A detailed
analysis of the Stewart method is available in Volume 2,
Chapter 45.

Limitations of Using Volume Requirements
as Resuscitation Endpoints

Fluid needs or their absence serves as an imprecise end-
point of resuscitation. Evaluation of intravenous fluid
needs and blood component therapy requirements as well
as urine flow have all been proposed as indicators of either
the need for resuscitation or its success. Conventional
wisdom holds that patients with enormous volume needs,
including massive transfusion requirements, evidence
poor survival. Nonetheless, survivorship is enhanced by a
massive transfusion protocol to meet those needs. Poor
survival under such a paradigm was strongly correlated
with pressor need instead of being related to the volume of
transfused blood components or infused fluid (27). Further-
more, intravenous fluid requirements may be spuriously
elevated because of concomitant dehydration from thermal
exposure or prolonged limited oral intake, alcohol misuse
(impaired antidiuretic hormone action), or medical therapy
for a comorbid condition [i.e., furosemide for congestive
heart failure (CHF)]. Importantly, as discussed in Volume
2, Chapter 41, evaluating total CO2 (TCO2) after massive
volume resuscitation will predictably lead to an erroneous
interpretation of the data. This stems from an expected
decrease in TCO2 from hyperchloremic metabolic acidosis.
The standard response to a low TCO2 is volume loading
based upon the presumption that the patient suffers from an
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ongoing metabolic acidosis stemming from hypoperfusion,
which would be corroborated by an elevated lactate
level. However, not all facilities will routinely measure lactate
(or calculate the anion gap) to make that determination.
Instead, the patient is vigorously volume loaded to increase
volume-recruitable cardiac performance. Indeed, Brill (17) has
determined that TCO2 has absolutely no fidelity as a measure
of hypoperfusion once the patient has developed a metabolic
acidosis following volume expansion.

Even if the lactate was measured, it may be misleading
in certain circumstances. In patients who have been resusci-
tated, an elevated lactate level may represent hyperlactatemia
instead of lactic acidosis from hypoperfusion (28). Hyperlacta-
temia occurs with an increased lactate level, but a normal pH
(or an abnormal pH explained by elements other than the
lactate) and a normal lactate/pyruvate ratio. Recall that a
normal plasma epinephrine level is approximately 150 pcg/
mL, but may be persistently elevated for two weeks following
injury in the range of 4000 pcg/mL. The effect on the increased
catecholamine tone is to increase the shuttling of glucose
through the TCA cycle. Humans produce both lactate and
pyruvate as normal intermediate products of metabolism.
While the lactate is readily measured, pyruvate is not. As
the lactate is produced in a normal ratio to pyruvate and is
unaccompanied by hypoperfusion, no pH derangement
arises from this event. Unfortunately, though medical circles
have identified this phenomenon, most notably as an unto-
ward side-effect of certain medications (e.g., metformin), sur-
gical circles have embraced this concept less readily. Thus, the
typical “surgical” response is additional volume loading
when none, in fact, is indicated.

The impact on utilizing fluid requirements as a
measure of the success of resuscitation relies on the curtail-
ment of fluid needs. As identified above, the fluid “needs”
may inaccurately represent the success or failure of resusci-
tation based on an individual’s interpretation of the
available data—much like the value of the data derived
from a pulmonary artery (PA) catheter heavily relies on the
practitioner’s knowledge base and not exclusively upon
the values measured by the device.

Confounding factors must be eliminated for
urine output to more closely correlate with resuscitation
adequacy. host of conditions can render urine output
falsely elevated or diminished. These conditions include
alcohol-induced diuresis, osmotic diuresis from hyperglyce-
mia (diabetes related or induced by vigorous loading
with dextrose-rich fluids), as well as concomitant medical
therapy for comorbid conditions (i.e., loop diuretics). Urine
output may be diminished by intrinsic renal disease, mech-
anical catheter dysfunction, and undisclosed bladder or
ureter injury, for examples. Moreover, even the kind of resus-
citant fluid can impact the rapidity of establishing urine flow.
Volunteers infused with either normal saline (NS) or lactated
Ringer’s (LR) had urine flow rates recorded by means of an
indwelling catheter. Volunteers infused with the Cl2-rich
NS took longer to begin to make urine and also were more
likely to experience abdominal pain during the infusion.
Interestingly, patients served as their own controls one week
later when the experiment was repeated and the alternate
fluid was infused (29). Thus, urine output is also an imperfect
arbiter of resuscitation success.

Pulmonary Artery Catheters and Surrogates
The PA catheter provides the clinician with systemic or

global values and is bereft of the ability to detail regional

or microcirculatory flow. Measurements of cardiac
output (Q̇) and calculating the derived variables [e.g.,
systemic vascular resistance (SVR), pulmonary vascular
resistance (PVR)] are commonly accomplished with a
PA catheter. However, these are global measurements that
do not necessarily reflect perfusion through critical vascular
beds. Accordingly, the utility of the PA catheter in most
trauma patients remains dubious. Not uncommonly,
regional hypoperfusion coexists with systemic hyperdyna-
mism. Relatedly, Shoemaker et al’s (30) failure to augment
survival by driving patients to hyperdynamism may have
stemmed from unrelieved regional and microcirculatory
hypoperfusion. Similarly, Kirton and Civetta (31) found
that there was insufficient evidence to support a survival
benefit in the use of PA catheters. More recently, Holm
et al. (32) evaluated a small group of burn patients using
a PA catheter and found results similar to Shoemaker et al.
Survivors had higher cardiac index (CI) and DO2 and
improved lactate clearance compared to nonsurvivors.
Importantly, survivors demonstrated volume-recruitable
cardiac performance. Thus, the utility of the PA catheter
relies on data interpretation and not data in isolation.
Instead of mortality impact, Ivanov focussed on morbidity
reduction associated with using a PA catheter (33). There
were only 12 randomized controlled trials that contained
morbidity data suitable for meta-analysis. This review
identified morbidity reduction to a reduced relative risk to
0.78 versus those patients managed without a PA catheter.
This conferred a mean protective effect of 21.9% with
regard to morbidity risk.

In a related fashion, Magder (34) has reviewed the
value of central venous pressure (CVP) analysis coupled
with assessment after an acute expansion of the effective
circulating volume, which he terms “stressed volume.”
The change in CVP following acute volume expansion via
bolus infusion as a guide to the adequacy of volume
loading demonstrated excellent utility. Under this paradigm,
volume expansion proceeds until there is a sharp rise in the
CVP indicating that the patient has been adequately volume
loaded. Though, this technique is suitable for determining
when the patient’s macrocirculation is full, it does not
address the microcirculation and is hampered by the presence
of pulmonary disease and underlying cardiac abnormalities,
especially valvular disease.

Other variably invasive methods and devices exist
that provide data akin to that derived from a PA catheter.
The Peripherally Inserted Continuous Cardiac Output
monitor (PICCOw Phillips Medical Systems of North
America, Bothell, Washington, U.S.A.) applies the Fick prin-
ciple and utilizes a CVP line and an arterial line with a
specialized catheter to derive intrathoracic blood volume
(ITBV) as well as cardiac performance. Holm et al. (32), com-
pared the use of PICCO and PA catheter in burn patients. He
evaluated volume loading using both the Parkland formula
and ITBV. He found that ITBV volume resuscitation deliv-
ered more fluid and that there was a linear relationship
between the augmented ITBV and CI. Similarly, Lithium
Dilution Cardiac Output [LiDCO (LiDCO Ltd. Granta Park,
Cambridge, U.K.)] employs a method similar to the “gold-
standard” (indocyanine green) method of determining
cardiac output and only requires a CVP and arterial line
like the PICCO system detailed above. A variety of studies
validate this system as well. However, no studies validate
these technologies during the acute resuscitation period.

Futhermore, no study validates resuscitation to a
predetermined Q̇ or CI. Instead, many studies identify that
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injured patients who demonstrate cardiac reserve and
volume recruitable performance fare better than those who
do not. No study has proven a survival benefit from
driving cardiac performance, nor there is any benefit in
achieving a particular cardiac performance as an endpoint
of resuscitation.

Transesophageal Echocardiography
Transesophageal echocardiography (TEE) provides

real time data with regard to cardiac performance, cardiac
chamber size (i.e., preload), and the need for volume

loading, inotropes, or pressors. Increasing data suggest
that the TEE can provide reliable quantitative data such as
the end-systolic elastance (EES) that directly relates to
contractility and the need for volume or pressor therapy.
Generating a pressure-volume loop for the ventricle (right
or left) with each cardiac cycle allows one to interrogate
cardiac performance in a very precise fashion. Using
this methodology, Kincaid et al. (35) have demonstrated
the value of this technique in guiding trauma patient care
in the ICU. Relatedly, Pinsky (36) has demonstrated an
approximate two-week period of myocardial dysfunction
in patients resuscitated from sepsis.

Moreover, TEE analysis allows one also to interrogate
the pulmonary circulation without the risks of a PA catheter,
especially in patients with PA hypertension. Directly
observed changes in chamber size with volume loading are
possible as well. At present, this technology is limited to
use by either cardiologists or anesthesiologists specifically
trained in its use in the United States and is therefore of
limited utility in the ED. However, intraoperative and ICU
utility may be superb and is only limited by equipment
and operator availability.

Esophageal Doppler Monitoring (Cardiac Output)
Also utilizing ultrasound principles, the Esophageal
Doppler monitor (EDM), allows one to calculate Q̇ using a
formula based upon the descending aortic blood flow (37).
The data from this device compare favorably with that
from the PA catheter. However, the EDM requires periodic
(and sometimes seemingly constant) manipulation to
maintain an optimal insonation window for measuring
descending aortic blood flow. The device requires insertion
via the oropharynx, thus limiting its utility in patients who
are not intubated and sedated. Nonetheless, one may
assess changes in cardiac performance in real time during
a bolus of fluid or as pressors are initiated, titrated, or with-
drawn. This device should be considered experimental
in the resuscitation phase of trauma patient management.

End Tidal CO2 (PET CO2)
End tidal carbon dioxide (PETCO2) monitoring is widely
used in the OR and has gradually migrated into other
realms including the SICU and the TRS, and has recently
been introduced into the prehospital setting. Its main use
outside of the OR and SICU has been as an aid for
confirming endotracheal intubation (Volume 1, Chapters 8,
9, and 17). Newer uses in the TRS and elsewhere include
monitoring CPR efforts and monitoring the ventilatory and
hemodynamic status of intubated, and to a lesser extent,
nonintubated patients. In addition, PETCO2 is used as
an adjunct when monitoring the status of reactive airways
treatment, when making the diagnosis of pulmonary
embolism (PE), and when measuring Q̇ noninvasively (38).

The relation between exhaled CO2, Q̇, and outcome
was described almost half a century earlier. Rudolf
Eisenmenger (39), testing a mechanical CPR device named
“Biomotor” on dogs, began to measure exhaled CO2 during
CPR in 1929 to confirm the effectiveness of gas exchange.
In 1939, Eisenmenger (40) wrote (translated from German):
“If during a resuscitation attempt the analysis of the
exhaled air, performed about twice per hour, still shows
plenty of CO2, then continuation of artificial respiration
(and circulation) would be indicated. If, however, a sharply
declining CO2 elimination in exhaled air is found, or even
more a cessation of (CO2 elimination), then further (resuscita-
tion) attempts are futile.” In 1957, Leigh et al. (41) were the
first to use infrared capnography to guide direct cardiac
massage in humans. However, blind reliance upon PETCO2

to measure Q̇ invariably leads to errors, because it is also
influenced by CO2 production, minute ventilation (V̇E), and
V̇/Q̇ relationships (42).

In the near future, traumatologists may have a series of
biosensors that will guide therapy during resuscitation,
many of these will be the same ones currently used in the
OR. Devices that measure PETCO2 are already being used
and are recommended to indicate the adequacy of CPR
and the likelihood of a successful resuscitation (43). In a
study by Levine et al. (44), a persistent PETCO2 level of
10 mmHg or less after 20 minutes of ACLSw was chosen a
priori as a threshold that would separate patients who did
not survive to hospital admission (nonsurvivors) from
those who survived to be admitted (survivors), because it
represents an extremely low cardiac output over a prolonged
period and in other CPR studies was found to be incompati-
ble with life (44–47).

Tissue-Specific Endpoints of Resuscitation
Near-Infrared Spectroscopy
Near-infrared spectroscopy (NIRS) is similar in concept to
SvO2, but is obtained in a noninvasive manner. A photon
emission and a detection patch are applied to the skin in a
region of interest and data regarding tissue saturation with
oxygen are obtained. The device is unable to measure the
saturation of flowing media, so intravascular blood oxygen
saturation is not part of the sample.

Principally applied to brain tissue, as a surrogate for
cerebral blood flow (CBF), other regions may be interrogated
as well, although regions quite dense in chromophores, such
as the liver, remain problematic at present. This device has
been utilized to compare the adequacy of regional skeletal
muscle oxygenation during systemic resuscitation. Skeletal
muscle tissue oxygen saturation (StO2) has been shown to
correlate with ḊO2 index (ḊO2I). A small group of severely
injured trauma patients were resuscitated to a goal of ḊO2I
of 600 mL O2/min/m2 for 36 hours. StO2 was compared to
PA catheter-derived data as well as the CO2 gap using
gastric tonometry. Skeletal muscle saturation correlated
well with ḊO2I, but gastric tonometry data did not correlate
well (48).

Cerebral oxygen saturation has also been measured
using the NIRS device. Normal brain oxygen saturation is
about 60%. Cerebral oxygen extraction is equal to the SaO2

minus cerebral oxygen saturation; normal cerebral oxygen
extraction is about 40%. The authors studied critically ill
patients resuscitated from sepsis (49). Patients with TBI or
known cerebral vascular occlusive disease were excluded,
and all patients were monitored with a PA catheter. NIRS
readings correlated with the PA catheter-derived indices.
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There was no correlation with SvO2, identifying that this
variable was insensitive to cerebral oxygen dynamics.
Importantly, patients who evidenced hyperdynamic
cardiac performance also demonstrated reduced cerebral
tissue saturation or markedly increased cerebral oxygen
uptake—the converse of what would be expected. These
observations may help explain cognitive impairment after
critical illness and SICU care. While unstudied in
trauma patients, it is tantalizing to use NIRS as a measure
of cerebral resuscitation in an attempt to define regional
perfusion endpoints.

Sublingual Capnometry
Sublingual capnometry (SLCO2) is a rapid and minimally
invasive technique that detects PCO2 under the tongue.
It has been shown that levels above 70 are consistent
with hypoperfusion (50). The method is useful to track
the restoration of effective circulating volume. One must
use caution, however, as SLCO2 returns to normal more
rapidly than lactate does and thus can prematurely termi-
nate resuscitation efforts. Nonetheless, SLCO2 assessment
may be ideally suited to prehospital use, combat casualty
care, or even inpatient assessment to select patients for
resuscitation or intervention. At present, it does not appear
that normalization of SLCO2 will be a standard endpoint
of resuscitation. The reader is cautioned, however, that the
utility of this technique has yet to be fully explored.

Gastric Tonometry
Gastric tonometry is a technique that hinges on the physio-
logic response of central shunting of blood toward the
heart and brain during the periods of hypoperfusion.
Intestinal hypoperfusion should be reliably detected by
altered gastric mucosal blood flow and therefore should
increase CO2 production as a result. The gastric tonometer
rests a liquid-filled balloon with a semi-permeable mem-
brane on the gastric mucosa, and then equilibrates CO2

across the membrane. The difference between arterial and
mucosal CO2 is known as the “CO2 gap.” Previously, an
intramucosal pH (pHi) was calculated from the CO2 value,
but the utility of the raw data is much greater. The value
of gastric tonometry to reliably detect hypoperfusion and
to serve as a guide to resuscitation remains undetermined.
Several studies, most notably those of Ivatury et al. (51),
proffer gastric tonometry as a valid tool that has excellent
fidelity with regard to hypoperfusion detection and, as a
guide not only to resuscitation but also to repeat laparotomy
in patients managed with an open abdomen. In contrast,
Kellum et al. (52) document that gastric tonometry fails to
detect a 50% reduction in splanchnic blood flow and
suggest that other clinical descriptors would be evident
prior to a greater than 50% reduction in mesenteric blood
flow. Thus, the gastric tonometer may signal the clinician
about events already obvious. Moreover, heavy reliance on
tonometer data may signal imminent patient demise by the
time the data are abnormal, allowing the clinician to miss
the “window of opportunity” for appropriate resuscitation.

BLUNT VS. PENETRATING TRAUMA

Currently, both groups of patients share a number of
common goals that are dependent on the presence or
absence of hypoperfusion and shock on presentation. This
discussion will address those patients that demonstrate

hemorrhagic shock on presentation. Regardless of injury
mechanism, both groups of patients require hemorrhage
control and resuscitation. The debate focuses on the vigor
of resuscitation. It is increasingly apparent that a reduced
MAP prior to definitive hemorrhage control will limit
blood loss and may enhance survival by retarding volume
resuscitation-induced hemorrhage. This paradigm is likely
best applied in the prehospital arena and the early phase
of trauma care in the TRS.

It remains unclear what MAP is optimal, but it is likely
that a MAP �50 mmHg will allow patients with normal
cerebral autoregulation to maintain an acceptable CBF and
oxygen dynamics. Patients with TBI, atherosclerotic cerebro-
vascular disease, or pre-existing hypertension may not toler-
ate such a MAP as well. No trial addresses the lowest
tolerable MAP in a prospective fashion and may be due to
loss of clinical equipoise with regard to fluid administration
prior to hemorrhage control. Moreover, no clinician
would actively lower MAP in a patient undergoing either
“delayed” or “small volume” resuscitation. Thus, the over-
all goal is to present a live and salvageable patient to a site
of definitive care. This paradigm becomes more nebulous
when there is an evacuation delay or a long transport to
the site for definitive hemorrhage control. It is also unclear
whether the MAP target should be applied once the
patient is in a location where blood products are available
or when undergoing angio-interventional procedures
where hemorrhage is essential in documenting sites of
injury and directing therapeutic embolotherapy.

BEST INDICATORS OF RESUSCITATION SUCCESS

At present, there is no single best indicator of the success of
resuscitation. Instead, a mélange of complementing values
provides the clinician with a reasonable guide. Based on
available evidence, integrating changes in vital signs, phys-
ical examination, acid–base balance (especially presentation
BD, pH, and lactate) taken in conjunction with definitive
control of hemorrhage, restoration of normothermia, and
correction of coagulopathy appear to be the most strongly
supported endpoints of resuscitation available. Evolving
data regarding the utility of other variables such as
changes in the SIG and SLCO2 or other noninvasive technol-
ogies such as NIRS may supplant the current grouping of
indicators of the need for and success of resuscitation.
Aggressive resuscitation should continue until the patient
returns to normal homeostasis, as evidenced by the normal
indices summarized in Table 2.

Table 2 Resuscitation Indices and Normal Values

Resuscitation endpoint Normal indices

Cardiac index (CI) 2.5–4.0 Lmin/m2

Oxygen delivery index (DO2I) 500–700 mL/min/m2

Oxygen consumption index (VO2I) 120–160 mL/min/m2

Mixed venous oxygen

saturation (SVO2)

70–80%

Mixed venous pO2 (PmvO2) 37–52 mmHg

Serum lactate 0.5–2.5 mmol/L

Base deficit (BD) 22 to þ2 mmol/L

Gastric intramucosal pH (pHi) �7.35
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EYE TO THE FUTURE

Current research is now focussing on techniques that allow
the clinician to interrogate regional blood flow and end-
organ oxygen delivery. Such techniques will clearly be
initially hospital based. Advances in field resuscitation will
stem from new resuscitant fluids, most likely hemoglobin-
based oxygen carriers, such as those currently in clinical
trial or in proposed clinical trial awaiting Food and Drug
Administration approval. These solutions serve as both
plasma volume expander and augmentor of oxygen trans-
port. In this way, HBOCs may ameliorate oxygen debt and
preserve end-organ oxygen delivery despite diminished
blood flow in states such as hemorrhagic shock (53,54).

SUMMARY

Though many endpoints of resuscitation have been pro-
posed, none have stood out as the single best predictor of
successful resuscitation. This failing stems from our
current inability to secure end-organ specific markers of suc-
cessful and adequate regional resuscitation. Current technol-
ogy lacks the ability to interrogate individual tissue beds to
aid in such a determination. Nonetheless, several truths have
emerged over the past several decades with regard to
hypoperfusion and its amelioration. A mélange of physical
examination and laboratory testing in conjunction with
moderately invasive monitoring techniques provides the
clinician with a means to assess the initial degree of
hypoperfusion. Trending the data derived from a host of
techniques enables the clinician to identify patients whose
shock has been reversed not only at the system level, but
with a reasonable degree of certainty, also at the organ
level. The remaining challenge is the microcirculation—a
bed into which we currently have no reliable window at
the bedside (55).

KEY POINTS

Regardless of the treatment or monitoring methods
used, the goal of resuscitation is to fully restore homeo-
stasis and prevent cytopathology.
The current resuscitation paradigm supports the notion
that hypoperfusion results in metabolic acidosis, princi-
pally derived from the generation of lactate.
Understanding the basis of cellular respiration and
energy production is required to fully perceive the
goals of ongoing resuscitation.
Originally, “subnormal” or delayed resuscitation was
thought to be more appropriate for penetrating
trauma (3). However, there may be little difference
between penetrating and blunt trauma patients with
regard to the management paradigm.
The initial resuscitation and management priorities
occurring in the TRS are somewhat different from those
focused upon in the trauma OR or the SICU. However,
the ultimate endpoints of resuscitation are the same.
The two main surgical goals for the critically injured
trauma patient undergoing a damage control operation
are hemorrhage and source (contamination) control (8).
New evidence documents a 7% increase in hematocrit
with acidosis that stems from RBC swelling (9).

It is increasingly clear that the coagulopathy stems
from both low temperature and acidosis working in
concert.
Maintenance of flow in conjunction with hypothermic
preservation by metabolic rate reduction appears
viable, but is dependent on the extracorporeal circula-
tion to achieve.
The odds ratio for hypoperfusion for a patient with cool
extremities were four times that of a patient with warm
extremities.
Because pH is, in part, dependent on the resuscitation
fluid utilized and the amount infused (16), its predictive
power is diminished when used alone, without evalu-
ation of anion gap and/or plasma lactate.
A preponderance of literature touts lactate as the
biochemical marker of choice for trauma patient evalu-
ation both on arrival and over time in the ICU, mainly
because it is not perturbed by as many factors as pH
and BD.
The risk of infection correlates with increased arterial
lactate, even when vital signs have normalized (i.e.,
occult hypoperfusion).
It is important to note that in the two above studies, the
SIG more strongly correlated with mortality than did
lactate.
Fluid needs or their absence serves as an imprecise
endpoint of resuscitation.
Confounding factors must be eliminated for urine
output to more closely correlate with resuscitation
adequacy.
The PA catheter provides the clinician with systemic or
global values and is bereft of the ability to detail
regional or microcirculatory flow.
TEE provides real time data with regard to cardiac
performance, cardiac chamber size (i.e., preload), and
the need for volume loading, inotropes or pressors.
While unstudied in trauma patients, it is tantalizing to
use NIRS as a measure of cerebral resuscitation in an
attempt to define regional perfusion endpoints.
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INTRODUCTION

Critically injured trauma patients comprise a wide range of
unique management challenges for the entire medical
team. First, these patients arrive at the hospital with
minimal warning. Second, the patient’s initial presentation
can be associated with injury-related physical disfigurement,
amputation, pain, as well as physiological and emotional
stress. Third, and most importantly, trauma patients fre-
quently have immediate life-threatening needs that must
be expeditiously met for a positive outcome to result.
Finally, the most seriously injured patients are typically
admitted directly to the operating room (OR) for evaluation,
resuscitation, and life-saving surgery.

An organized management approach helps to avoid
chaos and promote appropriate life sustaining therapy. The
Advanced Trauma Life Supportw (ATLSw) protocols
provide invaluable guidelines for the immediate preopera-
tive assessment and management of such patients. The critical
ATLS evaluation endpoints that must be addressed prior to
the induction of anesthesia are also reviewed (these are
more fully developed in Volume 1, Chapter 17). This chapter
mainly focuses upon specific tenets of anesthesiology-
oriented care required to optimally manage the trauma
victim.

REVIEWOF TRAUMA CONDITION DICTATES
ANESTHETIC MANAGEMENT

Anesthetic management can best be planned after com-
pletion of a thorough survey of all trauma-related consider-
ations. The main points that must be considered prior to
induction are outlined in this section, and summarized in
Table 1. The reader is referred to Volume 1, Chapter 17 for
a more thorough review of preoperative evaluation, prep-
aration, and monitoring considerations.

Airway (with Spinal Cord Protection)
Managing and securing the airway is the initial concern for
the anesthesiologist, and receives the highest priority con-
sideration in the “ABCs of all of the life-saving algorithms
from basic life support (BLS) to ATLS (1). The consequences
of an unsecured airway and/or the inability to deliver
oxygen to the lungs and systemic tissues include aspiration,
hemodynamic instability, metabolic disturbances, deteriorat-

ing shock state, and ultimately cardiac arrest (2,3). In the
trauma setting, airway maneuvers are complicated because
of the need to maintain cervical spinal cord protection.

Definitive emergency airway management for the
trauma patient is described in detail in Volume 1,
Chapter 9 and is summarized in Table 2. In this section,
only the major points are reviewed. Trauma airway man-
agement begins by providing oxygen supplementation, fol-
lowed by assessing patency, ventilation adequacy, and
difficulty of intubation. The preferred protocol for secur-
ing the airway in patients without signs of difficult intuba-
tion is a rapid sequence induction (RSI) with in-line
cervical stabilization (2,4).

Patients requiring intubation, in whom the preintubation
airway examination indicates that the airway will be difficult to
intubate, should ideally have their trachea intubated while they
are awake, provided that the patient is spontaneously ventilat-
ing, cooperative, and stable. Patients who are combative or
unstable should undergo a “classic RSI” or “modified RSI.”
Two common modifications to the “classic RSI” that are appro-
priate for various trauma scenarios include: (i) cricoid pressure
applied after preoxygenation, along with assisted positive
pressure ventilation prior to endotracheal tube (ETT) place-
ment; and (ii) Spontaneous ventilation maintained, following
preoxygenation, while cricoid pressure is applied, (intubation
can occur via numerous techniques).

Maintenance of spontaneous ventilation is always pre-
ferred for patients with stridor, whenever there are concerns
about partial airway obstruction and whenever an obvious
difficult airway is encountered in otherwise stable and
cooperative patients. In some jurisdictions, the majority of
“level-1” trauma patients will be intubated in the field.

Regardless of where the ETT was inserted (i.e., in the
field or in the resuscitation bay), proper placement must

be objectively confirmed by direct laryngoscopy, capnogra-
phy (less accurate in situations of decreased or absent
cardiac output), fiberoptic bronchoscopy, or an esophageal
detector device (EDD). Clinical signs, such as bilateral
breath sounds and fogging of the ETT, should also be
sought, but are far less reliable than end-tidal CO2

(PETCO2) monitoring and the EDD. The airway manager
should also gather information about the difficulty of ETT
placement and any known or suspected complications
(aspiration, airway trauma, prolonged hypoxemia, etc.).

Breathing
When the patient first arrives in the trauma resuscitation
bay, adequacy of ventilation is assessed. If inadequate,
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bag-valve-mask (BVM) techniques are employed until a
definitive airway is obtained (as stated). After placement of
a definitive airway, adequacy of ventilation and oxygenation
must be repeatedly reassessed, especially after changes in
head or body position or when procedures are being
performed near the head and neck. Ventilation can be
continually confirmed and monitored with a continuous

PETCO2 measurement device. Clinical signs are also
useful (e.g., equal bilateral breath sounds and symmetric
chest rise). Oxygenation is monitored by means of pulse
oximetry. Both PETCO2 and pulse oximetry are confirmed
by periodic arterial blood gas measurements in critically
injured patients.

Circulation (with Hemorrhage Control)
Circulation should be continuously assessed for perfusion
adequacy and absence of shock. Two large bore peripheral
IVs should be quickly placed. Control of hemorrhage is an
initial priority, generally relegated to the trauma surgeon,
both in the resuscitation suite and in the OR. However, the
anesthesiologist must quickly become aware of all known
(and potential) sources of bleeding, and plan accordingly
as to the need for additional intravenous (IV) access, resusci-
tation fluids, and supplemental infusion devices.

Blood samples should be sent to the laboratory for type
and cross match, and hemoglobin and arterial blood gas
measurements. Nearly all multiply-injured patients will
have at least some degree of hypovolemia. Hemorrhage
is the most common cause of shock in trauma victims.
It is therefore prudent to initially treat all trauma patients

as if they are hypovolemic until proven otherwise.

Accordingly, all trauma patients with tachycardia or
hypotension upon admission should receive a bolus of
two liters of Ringer’s Lactate (1). The response to this
initial crystalloid infusion dictates further fluid resuscitation
management (see Volume 1, Chapter 11).

Disability (Assume Unstable Cervical Spine)
Disability signifies “neurological deficit” in ATLS parlance.
Accordingly, all patients must be evaluated for head and
spinal cord injury. Cervical spine (C-spine) injuries are par-
ticularly stressed in ATLS protocols. In fact, the “A” in the
“ABCDEs” of trauma care is written “airway maintenance
with C-spine protection.” Approximately 4% of patients
admitted to trauma centers will have C-spine injuries (5).
Particular care must be taken with unconscious victims,
those with known traumatic brain injury (TBI), patients
with injuries at or above the level of the clavicle, and those
with multisystem trauma.

In patients with known TBI, the prevalence of C-spine
injury ranges between 2% and 21% (6–8). In patients with injuries
above the clavicle, the incidence of C-spine injuries may be
around 15%. Patients with any of the above injuries require
special care when being moved, when the airway is managed,
and when central venous access is being obtained. The cervical
collar should be replaced as soon as the airway is secured to
maintain stabilization. All lateral movements should occur as a
“log-roll,” maintaining alignment of the spine.

Exposure and Environmental Considerations
All surfaces of the patient must be exposed initially’, in
order to complete the primary survey. In severely injured

Table 1 Anesthetic Considerations for Trauma Based upon the ATLS Primary Survey and Additional Concerns

ATLS category Anesthesiology considerations

A. Airway

(with spinal cord protection)

Assessment: perform preop airway exam (when able)

Management: prevent conversion of a partial airway obstruction into a complete airway

obstruction; consider benefit of maintaining SV

B. Breathing Assessment: ensure adequacy of ventilation

Management: BVM assisted ventilation versus MV (if required); PETCO2 monitoring

following ETT

C. Circulation

(with hemorrhage control)

Assessment: evaluate H.D.S., expect hypovolemia

Management: control hemorrhage; establish two large bore IVs; administer 2L crystalloid—

reevaluate H.D.S.; obtain Hct; send T & C

D. Disability

(neurologic evaluation)

Assessment: neuro exam (R/O TBI and SCI)

Management: Maintain in-line stabilization of C-spine

E. Exposure and environmental control Assessment: examine all surfaces (log roll patient)

Management: maintain core temp. (cover patient after exam); warm fluids, and warm the

environment

Additional concerns

F. Full stomach Patient at increased risk for aspiration

RSI is indicated for general anesthesia

G. R/O drugs MS may be depressed; may have drug–drug interactions

H. R/O occult injuries After primary survey, secondary survey occurs

Be suspicious of occult injuries such as undiagnosed hemothorax, pneumothorax,

myocardial contusions, TBI, etc.

I. Avoid triarchy of doom Hypothermia, coagulopathy, and acidosis are best avoided by maintaining MAP,

temperature, and tissue perfusion.

Abbreviations: SV, spontaneous ventilation; BVM, bag-valve-mask; MV, mechanical ventilation; PETCO2, partial pressure of end tidal CO2 monitoring; ETT,

endotracheal intubation; IV, intravenous; Hct, hematocrit; T & C, type and cross; RSI, rapid sequence induction; MS, mental status; H.D.S., hemodynamic

status; R/O, rule out; TBI, traumatic brain injury; SCI, spinal cord injury; C-spine, cervical spine; MAP, mean arterial blood pressure.
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patients, large portions of the body may be exposed for
prolonged periods of time, potentially leading to hypo-
thermia. Because there are numerous anesthetic con-

siderations related to hypothermia, including exacerbation
of coagulopathy, the anesthesiologist should ensure
a warm environment and employ warming devices as
soon as possible. However, patients with TBI should
not be actively heated above a core temperature of 368C
(see Volume 1, Chapter 23).

Full StomachçConsiderations (Increased Risk for
Emesis and Aspiration)
All trauma patients are assumed to have a “full stomach”
and aspiration prophylaxis must be undertaken. This gener-
ally implies that crico-esophageal pressure (“Sellick maneu-
ver”) be applied during all airway maneuvers, including
BVM ventilation, laryngoscopy, and intubation. Accordingly,
an RSI protocol is a standard consideration for victims
of trauma. However, if the patient has a known history of
difficult intubation, or has an airway exam that appears
difficult to intubate (and the patient is stable, cooperative,
and breathing spontaneously), the airway should be
secured while the patient is awake (Volume 1, Chapter 9).

Drug Intoxication Considerations
Alcohol and drug intoxications are commonly associated
with trauma (Volume 1, Chapter 30). Accordingly, alcohol
and drug toxicology screens should be obtained for all
patients presenting with altered mental status. Those pre-
senting with altered mental status following significant
trauma require a head CT scan regardless of drug toxicology
results. Those patients with positive toxicology screens will
also require specific therapy and potentially detoxification
prophylaxis as described in Volume 1, Chapters 30 and 31.

Suspicion of Occult Injuries
Some injuries may be overlooked during the primary and
secondary surveys of trauma management. When a life-
threatening injury requires immediate operative care, the
odds of missing a less serious injury are increased (9).
Missed or occult injuries can cause later complications,
pain, and even death. The anesthesiologist must be vigilant
and suspicious of any patient who continues to be hemodyna-
mically or otherwise unstable, despite being presumed stable
for operative repair with adequate resuscitation. Common
causes of missed injuries are reviewed in Volume 1, Chapter 42.

Continued Reassessment
Continued reassessment is required to maintain adequate
tissue perfusion, normothermia, hemostasis, and metabolic
and acid-base status. See Volume 1, Chapter 18 for details
regarding ongoing resuscitation goals, required to avoid the
“Triarchy of Doom” (hypothermia, coagulopathy, acidosis).

INDUCTION OFANESTHESIA

Once the decision to induce general anesthesia has been
made (i.e., patient does not require an awake-intubation), a
plan is formulated that accounts for the specific injuries of
the patient, the urgency of induction, and surgical consider-
ations. The standard of care for initiation of anesthesia
and securing the airway following trauma is RSI unless
the patient has a known cervical spine injury, or difficult

airway, in which case an awake intubation should be
considered. Awake intubations can only be safely con-
ducted when patients are stable, cooperative, and breathing
spontaneously (Volume 1, Chapter 9).

Preoxygenation
Preoxygenation is always indicated prior to induction. Coop-
erative, spontaneously breathing patients can be instructed to
undergo “traditional” preoxygenation, defined as five
minutes of tidal volume breathing with a tight fitting face
mask, delivering 100% oxygen (10,11). Alternatively, when
induction time must be reduced, the cooperative patient can
be instructed to take four to eight vital capacity breaths
which will delay desaturation following apnea to nearly
the same degree as “traditional” preoxygenation (10,11).
Patients with severe facial injuries and those who are
already obtunded or combative are not good candidates
for a five-minute preoxygenation process. Extremely comba-
tive patients may need to receive a small amount of sedation
(or hypnosis) to gain control, as they may not accept
mask application to their face until after loss of
consciousness. Cricoid pressure is applied as soon as the
patient permits, often coinciding with loss of consciousness,
at which time active ventilation can be provided. No

standard sequence or combination of induction and neuro-
muscular blockade (NMB) drugs are appropriate for all
trauma induction situations. The most commonly
utilized induction and NMB agents are described below,
along with considerations for specific patient and injury
scenarios.

Choice of Induction Drugs
Intravenous induction drugs are selected based upon a
patient’s neurological and hemodynamic condition. Intrave-
nous induction drugs often require titration to be effected
with careful attention to patient response. Reduced dosages

Table 2 Trauma Airway Management Guidelines

Administer O2, assess airway for patency and difficulty of

intubation.

Without signs of intubation difficulty, airway is secured with RSI

(while maintaining in-line cervical stabilization).

If the airway appears difficult to intubate, the trachea should be

intubated awake.

The combative or unstable patient should have a “classic” RSI (if

normal airway exam) or “modified” RSI (if difficult airway

anticipated—or stridor detected).

If the patient has stridor, or other evidence of partial airway

obstruction, SV should be maintained until the airway is

secured.

Regardless of where the ETT was placed (in the field or in the

resuscitation suite), proper placement must be confirmed by

objective measures (such as direct laryngoscopy, capnography,a

EDD, FOB), as well as by breath sounds and CXR.

Sometimes the best first choice is a surgical airway (rare, less than

1%)

Extubation of the trauma airway requires judgement. If the airway

is difficult, it should be extubated over an airway exchange

catheter to facilitate reintubation

aLess accurate in situations of decreased or absent cardiac output.

Abbreviations: RSI, rapid sequence induction; SV, spontaneous ventilation;

ETT, endotracheal intubation; EDD, esophageal detector device; FOB,

fiberoptic bronchoscope; CXR, chest radiograph.
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of induction drugs are frequently required for trauma
patients (who are often hypovolemic). Drug and dosing
guidelines are provided in Table 3. These guidelines do not
replace clinical judgment and should be evaluated within
the clinical context on an individual basis.

Etomidate
Etomidate is a nonbarbiturate (imidazole derivative), non-
analgesic hypnotic agent used for induction of general
anesthesia. Etomidate is frequently used in the trauma
setting, especially if patients are presumed to be hemodyna-
mically unstable, because it is typically void of negative
ionotropic effects. However, etomidate can inhibit endogen-
ous catecholamine elaboration, as will all drugs that
decrease consciousness, and hence extinguish the patients’
sense of fear, pain, and anxiety. Inhibition of sympathetic
response, even transiently, will lead to vasodilation and
can cause a drop in blood pressure in the compromised
patient (12). Accordingly, intravascular volume repletion
should occur in concert with induction of anesthesia.

In many cases, the combination of etomidate with a
rapid onset NMB drug (succinylcholine or rocuronium) will

provide the best (safest and most efficacious) induction
conditions for the trauma patient.

Pharmacology and Pharmacokinetics
Etomidate is insoluble in water and is formulated with pro-
pylene glycol, 35% by volume (product insert), with a pH of
6.9 to allow solubility. While this formulation will not
precipitate when given in conjunction with other agents, it
does cause venous irritation.

Etomidate has a rapid onset of action after an induc-
tion dose of 0.2–0.6 mg/kg, with the duration of action
ranging from 5 to 10 minutes, being directly related to induct-
ion dose (13). The induction dose can be reduced in those who
are premedicated with other drugs, or who are hemodynami-
cally unstable, although the hemodynamic stability of etomi-
date makes this fact less clinically significant.

Metabolism of etomidate is largely due to ester
hydrolysis or N-dealkylation in the liver. There are no
active metabolites. Approximately 85% of the metabolites
are excreted by the kidneys, with another 13% in the bile
and only 2% excreted unchanged (14,15).

Central Nervous System Effects
Etomidate decreases cerebral blood flow (CBF) and the cere-
bral metabolic rate of oxygen consumption (CMRO2), fol-
lowing the administration of normal induction doses
(0.2 mg/kg) and, consequently, decreases intracranial
pressure (ICP). When the arterial blood pressure is main-
tained, the cerebral perfusion pressure (CPP) will be
increased. This allows the oxygen supply/demand ratio to
remain favorably stable or to be enhanced (16). Etomidate
acts rapidly on the central nervous system (CNS) and has
a short duration of action, which may be desirable in some
settings such as those in which there is a need to reassess
the patient’s mental status, or have the patient regain con-
sciousness after intubation. Patients with head injuries
may benefit from etomidate’s cerebro-protective effects,
including decreased ICP and CMRO2 (17,18).

Myoclonus is another important neurologic side effect,
especially if using etomidate alone. This myoclonus may

Table 3 Intravenous Anesthetic Drugs for Endotracheal Intubation Under Various Trauma Conditions

Condition Analgesia Amnesia Hypnosis Muscle relaxation

Cardiac arrest None None None None

Shock

SBP ,80 mmHg

Fentanyl

0.5–1 mcg/kg,

titrate as needed

Scopolamine 0.5 mg

IV or midazolam

1–2 mg if BP

increases

None, until intravascular

volume and tissue

perfusion restored

SUX 1.5 mg/kg

or ROC 1.2 mg/kg

Hypotension

(SBP

80–100 mmHg)

GCS ¼ 4–9

None None None SUX 1.5 mg/kg

or ROC 1.2 mg/kg

Hypotension

(SBP 80–100 mm

Hg)

GCS . 9

Fentanyl 1–2

mcg/kga

Midazolam 1–2 mg

if not used for

hypnosis

Etomidate 0.1–0.2

mg/kg or ketamine

1 mg/kg or midazolam

0.1–0.3 mg/kg (titrate

to effect)

SUX 1.5 mg/kg

or ROC 1.2 mg/kg

GCS ¼ 3

flaccid,

unresponsive

None None None None

GCS ¼ 4–9

Head injury with

hypertension

Fentanyl

1–2 mcg/kga

Midazolam 1–2 mg

if not used for

hypnosis

Thiopental 2–5 mg/kg or

propofol 1–2 mg/kg or

midazolam 0.2–0.3

mg/kg

SUX 1.5 mg/kg or

ROC 1.2 mg/kg

GCS . 9

Combative, BP

normal to elevated

Fentanyl

1–2 mcg/kga
Midazolam 1–2 mg

if not used for

hypnosis

Thiopental 2–5 mg/kg or

propofol 1–2 mg/kg or

midazolam 0.2–0.3

mg/kg

SUX 1.5 mg/kg or

ROC 1.2 mg/kg

aSufentanil 0.1–0.2 mcg/kg can be substituted for Fentanyl 1–2 mcg/kg.

Abbreviations: GCS, Glasgow Coma Scale; SBP, systolic blood pressure; SUX, succinylcholine (first choice for neuromuscular blockade unless

contraindicated—see Table 3); ROC, rocuronium.
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cause enough rigidity to interfere with ventilation and intu-
bation (19). In a series of patients where etomidate was used
without other sedative agents, 70% exhibited some level of
myoclonus. Most were reported as mild (60%), but about
5% each were reported as either moderate or severe (20).
Myoclonus is rarely a concern during trauma because the
etomidate and NMB drugs are typically given in rapid suc-
cession. However, if the etomidate is administered as a soli-
tary agent prior to the NMB drug, loss of fracture reduction
and other movement-related complications could theoreti-
cally occur.

Cardiovascular and Pulmonary Effects
Etomidate minimally affects the cardiovascular system, even
in patients with known cardiac disease (21). In normal
patients, mean arterial pressure (MAP) will often increase
initially, partly due to nitric oxide scavenging. The MAP
may decline slightly after induction with a small increase
in heart rate, but contractility and cardiac output Q̇ are
essentially unchanged (22,23).

Etomidate has less effect on the respiratory system
than most other induction agents (16). Without the concomi-
tant use of adjuvant agents, apnea does not always follow
even induction doses of etomidate. When given alone, it
also may not blunt the increases (in adults) in blood pressure
or heart rate due to laryngoscopy and intubation (24,25).

Adrenal Suppression, Renal and Metabolic Effects
Etomidate causes a well-documented adrenocortical syn-
thetic suppression. This effect has been attributed to its imi-
dazole structure (26,27). It is known that a single bolus of
etomidate will cause a measurable decrease in corticosteroid
production, but the clinical relevance of this single-dose
effect is uncertain (28). Consideration of this effect should
be pondered before using etomidate in a maintenance or
long-term infusion role.

Most etomidate preparations in the United States are
formulated with propylene glycol, a potentially toxic com-
pound, which may induce a hyperosmolar state, or cause
hemolysis (29) or damage to the kidneys (30). These effects
become relevant with long-term or repeated use rather
than single bolus administration (31).

Ketamine
Ketamine hydrochloride has been used clinically since 1970,
and was, at that time, considered the induction agent of
choice in some trauma centers. However, ketamine should
be specifically avoided in certain patients (especially TBI
and severe hypovolemia). This phencyclidine compound is
often said to cause “dissociative anesthesia” because of the
effects on the electroencephalogram (discussed below), and
because while patients may have their eyes open, may
move spontaneously, and maintain some reflexes, they are
not responsive to commands, have profound analgesia,
and appear cataleptic.

Pharmacology and Pharmacokinetics
Ketamine is a relatively lipid soluble compound, has a pKa of
7.5, and is of low molecular weight. The physiochemical prop-
erties of ketamine account for its rapid traverse across the
blood brain barrier and its quick onset of action (about
30 seconds). The duration of action of ketamine is related to
the route and dose administered. The action of ketamine is ter-
minated by redistribution to less well-perfused tissues and,
subsequently, hepatic biotransformation to a less-active

metabolite, norketamine (32). The norketamine metabolite
has only about 20% to 30% activity of the parent compound
and is ultimately excreted in the urine after further metab-
olism (33). The total elimination half-life of ketamine is two
to three hours and is due to the relatively large volume of dis-
tribution of three liters per kilogram, possible hepatic enzyme
induction (34), and the high hepatic clearance rate of one liter
per minute (33,35). Due to a frequently decreased hepatic
blood flow in the trauma patient, especially in the setting
of shock, liver, or renal disease, the elimination half-life is
prolonged.

Central Nervous System Effects
Ketamine’s actions on the brain are complex and are said to
cause “functional disorganization” (36). Thalamic, cortical,
and medullary reticular formation functions are depressed
while other areas, such as the limbic system, are stimulated
(37). There is some controversy regarding the use of keta-
mine in head-injured patients, due to the possibility of
increasing CMRO2 and CBF, leading to increased ICP (38).

More recently, ketamine has been proposed to possess
neuroprotective properties due to its blockade of the
N-methyl-D-aspartate (NMDA) receptor, which is active
during ischemia (18,39). Studies have shown that ketamine
does not increase ICP when used in conditions of controlled
ventilation and coadministration of gamma-aminobutyric
acid (GABA) agonists (40,41). Specifically, the S(þ) Ketamine
enantiomer has been found to be more potent, have less pro-
minent side effects (more rapid emergence and less psycho-
mimetic reactions), and may hold some future promise (42).
Although not reevaluated recently, the concern for increased
CMRO2 with ketamine relegates it to a second-line drug for
RSI behind etomidate in patients with TBI and behind pro-
pofol and thiopental in hemodynamically stable TBI patients.
The NMDA receptor blockade effect of ketamine may ulti-
mately be found to be beneficial in select groups of TBI
patients, for example, those with low ICP and when
CMRO2 is also low from benign causes such as moderate
hypothermia (thereby counteracting the negative effects of
ketamine). However, animal studies remain inconclusive.
Accordingly, etomidate (and not ketamine) is recommended
for induction for patients with acute TBI.

Emergence delirium and other “psychedelic” proper-
ties associated with ketamine can be unpleasant. These
have been described to include intense mood-changes, vivid
imagery, hallucinations, or irrational thoughts at subanes-
thetic doses (32,43). These untoward side effects of ketamine
can be minimized by concomitant administration of benzo-
diazepine.

Cardiovascular Effects
The usual response to ketamine is a centrally mediated
increase in heart rate, myocardial work, and blood pressure.
Patients with conditions such as ischemic heart disease, who
would be harmed by these changes and the accompanying
increase in myocardial oxygen consumption, should not
receive ketamine as the sole anesthetic (32,33). Ketamine
had previously been championed as the drug of choice for
trauma patients due its sympathomimetic effects. It has
now been known for almost two decades that the sympatho-
mimetic effect of ketamine is negligible in already maximally
stressed patients (44). Ketamine causes direct myocardial
depression, which can cause hemodynamic collapse when
administered as a bolus in hypovolemic and/or catechol-
amine-depleted patients (16,44). In these patients, either
etomidate, or no induction drug at all, should be used.
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See section, Management of Patients Hemodynamically
Unable to Tolerate General Anesthesia later in this chapter.

Ketamine can be relatively safely administered in
trauma or burn patients who are not in shock, and in whom
spontaneous ventilation can be safely assured by their
natural airway. Indeed, ketamine is ideal for infusion during
painful procedures in spontaneously breathing patients
due to its significant analgesic and amnestic properties (see
Volume 2, Chapter 5).

Pulmonary Effects
In most clinically employed doses of ketamine, bronchodila-
tion occurs, as does an increase in respiratory secretions.
After administering small-to-moderate doses of ketamine,
spontaneous ventilation is preserved and protective airway
reflexes remain intact. However, following large doses, keta-
mine will cause apnea, airway obstruction, and loss of
reflexes. With intermediate to large doses, laryngospasm
can occur. These complications can be especially pro-
nounced in children, or after a large or rapidly administered
dose (32,45). Ketamine is known to directly relax bron-
chial smooth muscle (46,47). The bronchodilation response
occurs through a variety of mechanisms including neurally

mediated pathways (48).

Clinical Role in Trauma
Although ketamine has been used for decades around the
world as an induction drug for trauma, on balance, etomi-
date is a better choice for the patient in shock (for reasons
described earlier). However, ketamine continues to play a
major role in trauma, particularly in austere environments
and when maintaining spontaneous ventilation is appropri-
ate. The analgesic effects of ketamine and the ability to
provide nearly anesthetic doses while maintaining spon-
taneous ventilation makes this drug useful and safer than
many other choices in trauma situations. Ketamine is par-
ticularly beneficial when medical supplies such as endotra-
cheal tubes are limited, as occurs during military campaigns
and in some third world countries. One specific area of care
where ketamine infusion is particularly well suited is pedi-
atric and adult burn management. Another important use of
ketamine is supplementation of incomplete epidural and
spinal anesthetics. However, in all of these settings, ketamine
and other anesthetic drugs should only be administered by
those with experience and the capability to provide assisted
BVM ventilation and intubation.

Propofol
Propofol is a hypnotic agent that acts through actions on the
GABA receptor and is used during anesthesia as both an
induction and maintenance drug. Propofol is also used
extensively in the ICU for sedation (Volume 2, Chapter 5).
In addition to sedation, propofol provides amnesia but
does not possess significant analgesic properties. Propofol,
an alkylphenol, is currently prepared as an emulsion in
soybean oil (10%), glycerol (2.25%), and egg lecithin (1.2%),
with 0.005% disodium edentate (U.S.A.) as preservative
(49). The fatty acid component of propofol is essentially all
Omega-6 which can have both proinflammatory and immu-
nosuppressive properties (see Volume 2, Chapters 31–33).

Pharmacology and Pharmacokinetics
The onset of an induction dose of propofol (2.5 mg/kg)
occurs within 9 to 51 seconds (average 30 seconds), with
intubating conditions occurring soon thereafter due to

rapid equilibration between blood and brain (50). Much
smaller doses are recommended for unstable trauma
patients. Those in shock should receive no drug, or only
etomidate, for induction. Redistribution and hepatic conju-
gation and clearance account for the rapid offset of effect.
The inactive metabolites are excreted by the kidney. The
very quick clearance of propofol exceeds hepatic blood
flow, suggesting accessory sites of metabolism and/or
elimination that have yet to be elucidated. These sites may
include the kidney, small intestine, or the lung (51,52).
Even after up to eight hours of continuous infusion, the
context-sensitive half-time of propofol is less than 40
minutes (53).

Propofol is known to inhibit cytochrome P-450 as well
as other enzyme systems and to decrease hepatic blood flow.
It may thus interfere with the metabolism and clearance of
other drugs as well as decreasing its own clearance (54,55).
There have been many studies examining differences in
metabolism and clearance based on different physiologic
factors. Age and body weight both warrant consideration
when dosing propofol. Indeed, children may require
higher doses, while the elderly and obese patients need
lower doses on a per kilogram basis (56). Still, careful titra-
tion when using propofol or other agents in trauma patients
is the only prudent course of action.

Central Nervous System Effects
Propofol, like most anesthesia induction drugs, decrea-

ses the CMRO2, CBF, and ICP. The cerebral response to
CO2 and cerebral autoregulation are maintained with propo-
fol. These characteristics make propofol an excellent drug for
the induction and maintenance of trauma patients with head
injuries as long as they remain hemodynamically stable.
Caution must be observed for patients who are hemodyna-
mically compromised. Indeed, due to the drop in MAP
(known to occur with propofol) the CPP may decrease (57).

There have been case reports linking propofol to the
onset of seizure activity, usually in patients with pre-existing
seizure disorder (58,59). However, the abundance of evi-
dence indicates that propofol is more likely to attenuate or
prevent a seizure than to cause one. Furthermore, propofol
has been successfully used in the treatment of status epilep-
ticus (60,61). This evidence suggests that propofol is safe for
epileptic patients.

Concern for the potential epileptogenic effect of propo-
fol is not a reason to avoid use in the head-injured patient.
The most important trauma-related consideration is hemo-
dynamic stability. One must weigh the benefits of decreasing
ICP, decreasing CMRO2, maintaining cerebral autoregula-
tion, and cerebrovascular response to carbon dioxide
against the decreased CPP and the hemodynamic conse-
quences of propofol. Hypotension is known to result in
worse outcomes in head-injured patients and remains a sig-
nificant criterion for choosing induction and maintenance
drugs in trauma patients (6,62). Thus, induction with etomi-
date is usually a better choice in the hypovolemic patient
with TBI. However, following resuscitation, an IV infusion
of propofol is often useful and well tolerated.

Cardiovascular Effects
An induction dose of propofol is known to decrease systolic,
mean, and diastolic blood pressure parameters. The
reduction of systolic pressure is in the range of 25% to 40%
and is not accompanied by an increase in heart rate due to
a decreased sensitivity of the baroreceptor reflex (63,64).
The hypotension is partly due to the decreased contractility
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but mainly the result of peripheral vasodilatation. Propofol
decreases both preload and afterload in a dose- and speed-
of-injection-dependent manner (49). These physiologic
effects are related to an inhibition of sympathetic nervous
system function and, to a lesser degree, direct vasodilation
(65,66).

Pulmonary Effects
Propofol causes a dose-dependent decrease in tidal volume
and respiratory rate. Propofol decreases both the ventilatory
response to CO2 and the ventilatory response to hypoxia
(67). The incidence of apnea with an induction dose of pro-
pofol is related to the dose administered, the speed of injec-
tion, the patient’s baseline neurological condition, and
medications given prior or concomitantly (68). Without the
use of adjuvant agents, the incidence of apnea after an induc-
tion dose (about 2.5 mg/kg) is estimated at about one-third
(69). The minute volume will remain significantly dimin-
ished for up to four minutes following induction (68,70).

Like ketamine, propofol is a bronchodilator.
Most studies have found a decreased airway resistance
and decreased risk of wheezing with propofol compared to
thiopental, although a few studies have failed to confirm
this (71,72). Likewise, some conflicting data exists regarding
the bronchodilator differences between brand-name and
generic propofol with the (metabisulfite preservative)
(72,73). Propofol is a good choice for hemodynamically
stable trauma patients requiring brief exams or procedures
under anesthesia. Propofol can also be used as an infusion
especially with ketamine (which provides analgesia) and/
or opioids, for brief yet painful procedures.

Thiopental
The initial large-scale use of thiopental for trauma patients
occurred during World War II, where it was first used as
an induction agent for combat casualties. The high incidence
of death in patients who were hypovolemic and hemodyna-
mically unstable led some to consider trauma an absolute
contraindication to the use of thiopental (74). In fact, the
evolution of anesthesiology as a physician specialty is
related to the demonstrated safe use of thiopental and
other drugs in these situations by experts who learned that
careful titration of the drug in concert with administration
of fluid and vasopressors (when needed) reduced the inci-
dence of death (75). Because newer drugs are now available
for patients in shock or particularly unstable patients
with hypovolemia or myocardial depression, thiopental
and propofol are generally avoided in favor of other
agents (e.g., etomidate or ketamine) or perhaps no agent
at all (76).

Pharmacology and Pharmacokinetics
Thiopental is prepared as a sodium salt (with sodium
carbonate), which is reconstituted with water or normal
saline to an alkaline solution (pH 10–11). Reconstitu-
tion or mixing thiopental with more acidic solutions
(Lactated Ringers solution, or rocuronium) could cause pre-
cipitation and potential blockage of IV lines (potentially
disastrous in an acute trauma setting, particularly during
RSI) (77).

The action of thiopental occurs very swiftly due the
rapid equilibration with the highly perfused tissues, includ-
ing the brain. The peak effect occurs about one minute after
an induction dose of 2.5–4.5 mg/kg. The offset of action is
mostly due to redistribution to less well-perfused tissue
beds and recovery can be as rapid as a few minutes, but

averages 5 to 10 minutes (77). The appropriate induction
dose of thiopental in patients with hypovolemia, myocar-
dial depression, vasodilation from sepsis, or congestive
heart failure ranges from between no drug at all to
1.0 mg/kg.

Central Nervous System Effects
The role of barbiturates in the brain-injured patient and in
neurosurgery has long been established (78–80). The
effects of thiopental on the brain metabolism (decreased
CMRO2) and cerebral vascular system (decreased CBF)
make it an appealing drug in patients with neurologic
injury or seizure. Burst suppression and a flat electroenceph-
alogram (EEG) can be achieved with increasing doses of
thiopental (81,82). The CMRO2 is progressively decreased,
with increasing doses of thiopental. The plateau of this
effect seems to occur when a burst suppression pattern is
achieved on the EEG (83–85). Both CBF and ICP are reliably
lowered with barbiturates. However, CPP may not be main-
tained, as the relative decrease in MAP may be more than the
decrease in ICP. These factors make thiopental an acceptable
induction and protective agent for the patient with traumatic
brain injury when the MAP (and CPP) can be maintained.

Cardiovascular Effects
Peripheral pooling of blood and decreased venous return to
the right atrium occurs after an induction dose of thiopental
due to venodilation of capacitance vessels (77). This may be
due to depression of the medullary vasomotor centers. Like-
wise, a central effect (vagolysis) causes tachycardia. In
healthy patients, Q̇ may be maintained if baroreceptor
reflexes are intact and there is a compensatory increase in
heart rate and contractility. In many trauma patients,
however, the hypovolemia and inactive baroreceptor
responses cause dangerous reductions in MAP and Q̇ that
may jeopardize the patient’s life. This is also true in situ-
ations where the baroreceptor response is blunted (CHF,
beta-blockade, etc). The situation is made worse in these
patients by an unmasking of the direct myocardial depress-
ant action of barbiturates (86). Dysrhythmias are unlikely
unless hypoxia or hypercarbia exist (77).

Pulmonary Effects
The respiratory effects of thiopental and propofol are similar.
Thiopental initially produces a decrease in tidal volume,
which usually progresses to apnea at induction doses (87).
The depression of the respiratory drive to changes in
oxygen or carbon dioxide tensions with thiopental appears
to last longer than the alteration in respiratory pattern
(decrease in respiratory rate and depth) (88). If given alone,
thiopental does not always adequately blunt the laryngeal
response to laryngoscopy at intubation and laryngospasm
can result.

Other Effects
For a variety of reasons including protein-binding, differ-
ences in volumes of distribution, and alterations in Q̇ there
are different dose requirements to achieve the same effect
with thiopental. Due to the reasons listed above, negative
consequences may occur at lower concentrations (89–91).
Accordingly, thiopental is never the first choice for RSI of
trauma patients. If thiopental is the only drug available or
desired for neuroprotection reasons, it must be very care-
fully titrated to effect, especially in the multi-injured
patient with unknown volume status.
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Neuromuscular Blockade Drug Selection
In addition to a hypnotic drug, a successful RSI requires a
fast-acting, potent, and reliable NMB drug to maximize the
success of tracheal intubation. Several studies have consist-
ently confirmed a lower success rate and a higher compli-
cation rate when intubation is attempted without the aid of
neuromuscular blockade (92,93). Although many NMB
drugs exist, only succinylcholine and rocuronium are rec-

ommended for RSI in the trauma patient. These drugs
are reviewed briefly from the perspective of RSI. A more
exhaustive review of these and other NMB drugs is provided
in Volume 2, Chapter 6.

Succinylcholine
Pharmacology and Metabolism
Succinylcholine structurally resembles two acetylcholine
molecules bound together “back-to-back” with the active
sites exposed. Succinylcholine binds to presynaptic, postsyn-
aptic, and extrajunctional receptors (unlike acetylcholine,
which binds only to extrajunctional cholinergic receptors).
Both chemicals cause depolarization of the motor endplate.
Succinylcholine, however, maintains the channel in its
open position, due to the increased binding properties,
resulting in sustained depolarization and a very rapid
onset of paralysis after a dose of about 1 mg/kg (94).

Succinylcholine is rapidly metabolized by pseudocho-
linesterase to succinylmonocholine, which has only very
weak (and clinically insignificant) activity. Pseudocholines-
terase is so rapid and efficient at metabolizing the drug
that only a small percentage actually reaches the site of
action at the neuromuscular junction. An overdose of three
to five times the ED95 is generally given with standard
induction doses, helping to achieve rapid therapeutic
levels at the neuromuscular junction (95).

Indications and Advantages in Trauma
Optimal intubating conditions occur within about 30–60
seconds of administration. This is probably the most import-
ant factor in the selection of succinylcholine as the muscle
relaxant of choice for RSI situations, when rapidly securing
the airway is paramount to the survival of the patient.

In elective patients, another advantage of succinylcho-
line is its short duration of action. In patients with normal
levels of functional pseudocholinesterase, the offset of action
of succinylcholine is remarkably fast. Full recovery of muscle
function usually occurs within 10 minutes (though longer
durations occur with low levels of pseudocholinesterase).
This offers potential advantages in the situation of an other-
wise stable patient with a difficult intubation, where rapid
recovery of spontaneous ventilation would be advantageous
(11,96). However, in emergency intubation scenarios, includ-
ing trauma, the relatively short duration of action is far less
clinically relevant because these patients are rarely stable
enough to allow time to resume spontaneous breathing
and permit further attempts at intubation later. Rather,
trauma patients may suffer hypoxic brain damage before
they are able to recover from the NMB drug, unless venti-
lation is supported and blood pressure maintained. Thus,
the difference in the clinical duration between nondepolariz-
ing NMBs and succinylcholine is not clinically important
during RSI of the trauma patient. However, nondepolarizing
NMBs will provide an additional duration of paralysis 30 to
45 minutes beyond intubation, which can facilitate evalu-
ation of the patient. This requires additional sedatives and
analgesics to be administered to patients who are hemody-
namically stable, or hyperdynamic.

Contraindications and Disadvantages
Succinylcholine has several potential dangers and draw-
backs that should be considered before use (Table 4). In
certain high-risk patients, succinylcholine should be
avoided due to the potential for exaggerated Kþ release
and subsequent hyperkalemia-induced cardiac arrest.

Succinylcholine is contraindicated in patients with a recent
history of burns (.10% BSA, and .24 hours prior), stroke,
closed TBI, or spinal cord injury with muscle weakness
and atrophy (having occurred .24 hours prior to admission)
(97). Additionally, any neuromuscular disorder is a relative
contraindication.

The proliferation of extrajunctional acetylcholine
receptors with the potential to release excessive potassium
when depolarized is cited as the most likely cause of the
increased serum potassium concentration seen in these con-
ditions. However, there is disagreement regarding the
timing of increased risk of hyperkalemia in these patients.
It is believed that it takes at least 4 to 14 days for this
proliferation to begin (depending on the type and extent of
insult), causing many investigators to feel that succinylcho-
line is safe in the interim (98,99). Studies are neither cohesive
nor conclusive as to the response or time period in which it
occurs. However, no cases of succinylcholine-induced
hyperkalemic cardiac arrests have been reported in patients
�96 hours following burns or upper motor neuron injury.
Therefore, 24 hours is generally used as an extremely conser-
vative cutoff for the use of succinylcholine (100,101). Other
possible risk factors for hyperkalemia with succinylcholine
include intra-abdominal infections present for greater than
one week, TBI without paresis (102), metabolic acidosis,
(especially in association with hypovolemia) (103), and chil-
dren with undiagnosed or subclinical muscular dystrophies
(104). Case reports also exist, relating a hyperkalemic
response to patients with Parkinson’s disease, patients who
have prolonged periods of immobilization, and victims of
near-drowning and hypothermic events (105,106).

Exaggerated release of potassium is not the only con-
sideration for succinylcholine use in trauma. There are also
theoretical risks relating to increasing intracerebral, intra-
ocular, and intragastric pressures. A simplistic approach is
to avoid succinylcholine when increases in these pressures

Table 4 Conditions Where Succinylcholine May Be

Contraindicated

Patients at increased risk for hyperkalemia

Burn injury (.15% TBSA, and .24 hr post burn)

SCI, previous CVA, UMN disease (.24 hr post injury)

Pre-existing hyperkalemia ([Kþ] . 6.0 and/or peaked “T”

waves on ECG)

Renal failure, and hyperkalemia (see above). If [Kþ] normal, no

contraindication

Known or suspected muscle diseases in children under age two

Crush injuries, with hyperkalemia (see above)

Patients with a documented history of MH or anaphylaxis to SUX

Patients with pseudocholinesterase deficiency, relatively contra-

indicated—expect prolonged course of neuromuscular blockade

Patients in whom " ’d ICP, IOP, or IGP would be detrimental (see

text)

Abbreviations: TBSA, total body surface area; SCI, spinal cord injury;

CVA, cerebral vascular accident; UMN, upper motor neuron; ECG, electro-

cardiogram; MH, malignant hyperthermia; SUX, succinylcholine; ICP,

intracerebral pressure; IOP, intraocular pressure; IGP, intragastric pressure.
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could present a problem. However, the risk–benefit ratio
must be assessed. In most cases, the pressure increases are
minimal and transient. Furthermore, the benefit of rapidly
obtaining optimum intubating conditions with loss of laryn-
geal responses often outweighs the temporary, and usually
small, increases in pressure.

Rocuronium
Pharmacology and Metabolism
In contrast to depolarizing muscle blockers, nondepolarizing
NMB drugs simply bind to and block the receptors, thereby
preventing depolarization. They are competitive inhibitors
of acetylcholine and are all derived from one of the two
chemical groups, benzylisoquinolinium and amino steroids
(see Volume 2, Chapter 6).

Rocuronium is a steroidal nondepolarizing blocking
agent, which is actively taken up and eliminated primarily
by the liver, with approximately 10% eliminated in urine
(107). The active metabolite 17-desacety/rocuronium has
not been measured in significant quantities. The pharmaco-
kinetics of rocuronium is altered in liver disease (increased
volume of distribution and decreased clearance), which
may result in an unpredictable or prolonged duration of
action and even an increased onset time (108,109). Clearance
is also decreased in kidney disease, but does not significantly
prolong blockade with a single dose (110,111).

Indications and Advantages in Trauma
Rocuronium was first demonstrated to provide suitable intu-
bating conditions during RSI, in 1993 (112). Rocuronium has
been used clinically for over a decade, with demonstrated
effectiveness in RSI situations, combined with a good
safety profile. Rocuronium is now widely considered as a
viable alternative to succinylcholine for trauma and emer-
gency intubations. At a dose of about 1.2 mg/kg, most patients
could be intubated after 60 seconds with usually equivalent
intubating conditions when compared to succinylcholine
(113,114). As with other nondepolarizing NMB drugs,
rocuronium does not cause fasciculations nor does
it increase intracranial, intraocular, or intragastric pres-
sures. Rocuronium does not trigger potassium release
from muscle tissue and can be used safely in those patients
(discussed previously) who may have proliferation of
extrajunctional receptors.

Contraindications and Disadvantages
There are no absolute contraindications to rocuronium use.
Rocuronium is an intermediate-duration NMB drug with a
clinical duration comparable to vecuronium. The duration
of action following an RSI-intubating dose (i.e., 1.2 mg/kg)
is broadly estimated to be 40 to 75 minutes, depending
upon which parameter is measured. Shorter times are cited
when a smaller intubating dose (usually 0.6 mg/kg) is
used for routine airway management (115).

Minimal histamine release occurs at clinically useful
doses of rocuronium. However, rocuronium does have
weak vagolytic activity, insignificant at the 0.6 mg/kg dose,
but may be evident (10–25% increase in heart rate) at the
higher dosages used for RSI. Nevertheless, the impact of
these effects are minimal, even in patients with heart
disease (116,117).

Management of Patients Hemodynamically Unable
to Tolerate General Anesthesia
Patients in full cardiopulmonary arrest do not need sedative,
analgesic, or NMB drugs for intubation. In contrast,

occasionally, victims of trauma who are near cardiopulmon-
ary collapse will be deemed too hemodynamically unstable
to receive even the most judiciously titrated general anes-
thetic. Yet, definitive airway management and surgical pro-
cedures will be required in these patients requiring NMB
drugs, creating a decision-making conundrum for the
anesthesia care provider. Optimally, some analgesics and
amnestics will be administered whenever an NMB drug is
administered. Recall is a concern when NMB drugs are
given alone.

The incidence of recall in severely injured patients not
given any sedative or analgesic drugs before intubation is as
high as 43% (118). The incidence of recall was reduced to only
about 11% if some amnestic agent (the dose was reduced due
to the unstable status of the patient) was given (118). In com-
parison, the incidence of recall for “routine” surgical cases
was 0.10% to 0.18% in over 11,700 general anesthetics
studied, and for cardiac cases with “light” anesthesia, it is
reported to be about 1% to 1.5% (119,120). Fortunately,
patients who are initially too unstable to tolerate general
anesthetics are usually in shock and frequently comatose at
presentation and therefore less likely to have recall.

Several options exist to provide of amnesia to hemody-
namically unstable trauma patients. The most common
drugs used for this effect (scopolamine and atropine) will
be discussed below. As the patient becomes stabilized,
small doses of anesthetic drugs with amnestic properties
(e.g., benzodiazepine, propofol or a volatile agent) should
be titrated as tolerated. Adding an opioid will provide
analgesic benefit, but without amnestic agents, the likeli-
hood of recall is significant unless general anesthetic depth
is achieved (121). Only 0.01% of “aware” patients report
the sensation of pain but, for some, the recall experience
may lead to post-traumatic stress disorder (PTSD), (see
Volume 2, Chapter 65) (122).

Scopolamine and Other Belladonna Alkaloids
Scopolamine (5–10 mcg/kg) has long been used as an

amnestic in those situations when hemodynamic instabi-
lity precludes the use of other standard induction drugs

(123). Scopolamine and related substances (e.g., atropine)
may in fact be the earliest drugs used for anesthetic pur-
poses. Indeed, belladonna alkaloids were first employed in
ancient times and later rediscovered during the advent of
“modern” anesthesia in the 1800s and early 1900s, when
they were used as a premedicant for its antisialogogue,
antiemetic, and sedative properties (124,125).

The anticholinergic drugs (e.g., scopolamine, atropine)
competitively antagonize acetylcholine at the muscarinic
receptor. These postganglionic receptors are found primarily
in the gut and genitourinary smooth muscle, heart, salivary
glands, as well as parts of the respiratory and CNS. These
anticholinergic agents are not active at the nicotinic receptors,
such as those found at the neuromuscular junction, unless
very high concentrations are reached.

The belladonna alkaloids possess profound CNS
effects. Scopolamine is recommended for amnesia because
it possesses the most CNS activity of any of the drugs in
this class. Like atropine, scopolamine is a lipid-soluble ter-
tiary amine that easily crosses the blood-brain barrier (126).
The neurological effects are unpredictable, ranging from
agitation, confusion, and delirium to sedation, amnesia,
and coma, depending upon the dose administered. These
drugs are associated with postemergence delirium, especially
in the elderly, and are thus rarely used in elective cases.
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However, trauma cases severe enough to require drugs
seldom stabilize to the degree that the patients are candidates
for immediate postoperative emergence and extubation.

Scopolamine does not always provide reliable amnesia.
Accordingly, benzodiazepines are added as soon as hemody-
namic conditions allow. Scopolamine is not as effective as a
single agent as a benzodiazepine alone (127). Thus, the com-
bination is useful in the critical patient. Scopolamine is admi-
nistered first to minimize the hemodynamic consequences
and benzodiazepines are added later, as blood pressure
allows for administration of more robust amnesia to the
patient.

The side effects of scopolamine and atropine include
drying of secretions, relaxation of airway smooth muscle,
increased body temperature (due to anhydrosis), mydriasis
and cycloplegia (which may render neurologic assessment
of pupillary reactivity unreliable and confusing).

Central cholinergic syndrome (signaled by delirium,
confusion, or obtundation) is another concern. Patients in
pain, the elderly, and patients receiving inhaled anesthetic
agents seem to be at increased risk. Scopolamine is the
least likely agent in its class to raise heart rate significantly
but, like atropine, can cause a paradoxical heart rate
slowing at low doses (0.1–0.2 mg). The antiemetic properties
of scopolamine are well known and have been used for this
purpose both inside and outside of the OR.

Titration of Other Agents
Once adequate resuscitation has begun and the patient is
more stable, other agents may be added. Initially, benzo-
diazepines are recommended (see above) to optimize
amnesia. Next, opiates and other general anesthetics are

titrated. Significant alterations in pharmacodynamics occur
with trauma (e.g., changes in volume of distribution,
protein-binding, hypothermia, acid–base disorders, etc.).
Accordingly, initial titration of additional agents proceeds
carefully, as the drug effects may be unpredictable and
profound.

MAINTENANCE OF GENERAL ANESTHESIA

Numerous drugs in the anesthesiologist’s arsenal may be
employed for maintenance. As with induction, maintenance
drug selection depends mostly upon the condition of the
patient and also on the plan for emergence. Inhalation or
IV drugs, or a combination of both, may be used to maintain
anesthesia for trauma surgery. An understanding of the
direct actions and side effects of each drug is essential for
safe intraoperative and postoperative management. The
minimum alveolar concentration (MAC), the blood gas solu-
bility constant, and their relation to the clinical properties of
each gas include some of the physical properties of interest.
These properties, along with the cardiovascular effects of the
common volatile anesthetics, are summarized in (Table 5).

Inhalation Drugs
Nitrous Oxide
Nitrous oxide (N2O) will cause rapid distension of air-
containing spaces (due to nitrogen) and is therefore rela-
tively contraindicated in many trauma patients. Distension
of air-filled structures occurs because the blood-gas partition
coefficient of N2O (0.47) is 34 times greater than that of
nitrogen (0.014). Thus, the capacity of N2O to enter an air

Table 5 Physical Properties and Cardiovascular Effects of Volatile Anesthetics

Agent MAC

Blood/gas

P.C. Pungency Heart rate

Myocardial

depression SVR Comments

Nitrous

oxide

(NO)

105 0.47 No change No change Modest at

high

dose

No change Limit use in

setting of

pneumothorax,

pneumocephlous,

bowel obstruction

Sevoflurane

(SEVO)

1.7 0.69 " " " Moderate # # Less # in SVR and

MAP than with ISO

or DES

Desflurane

(DES)

6.0 0.42 " " " " " " " Moderate # # # Similar to ISO

Less chance of

coronary steal

Isoflurane

(ISO)

1.15 1.4 " " " " " " " Moderate # # # CO maintained by

increased HR

Coronary steal

possible

Halothane

(HALO)

0.77 2.3 " " # Severe # Sensitizes

myocardium to

effects of

catecholamines

Note: Cardiovascular changes provided are commonly observed standards for nonelderly, nonpregnant, nontraumatized adults. Myocardial depression and

SVR diminution may be exacerbated in the trauma patient. Coronary steal occurs when the patient has systemic vasodilation induced by the anesthetic,

and the head of pressure to the coronary arteries is lower than required to perfuse stenotic vessels. This is further exacerbated by drugs (e.g., isoflurane)

that may vasodilate the normal coronary arterial bed, thus further reducing the pressure flow available to the stenotic coronary artery.

Abbreviations: MAC, minimum alveolar concentration required to keep patient from moving in response to surgical stimulus; P.C., partition coefficient; SVR,

systemic vascular resistance; MAP, mean arterial pressure; CO, cardiac output; HR, heart rate; " , increased effect; # , decreased effect.

374 Hilty et al.



pocket exceeds the ability of N2 to exit (76) Pneumothorax,
pneumocephalus, bowel obstruction, air embolus, or any
hollow viscous injury with pneumoperitoneum will be
exacerbated by the use of N2O. Indeed, a pneumothorax
can double in 10 minutes and triple in 30 minutes in the pre-
sence of 75% N2O (128). Accordingly, trauma patients at risk
for these injuries should not receive N2O.

The hemodynamic effects of N2O are minimal.
However, there is some sympathetic activation in normal
patients with N2O. At higher concentrations, N2O is a mild
myocardial depressant, a fact that may become evident in
the hemodynamically compromised patient (129).

The effects of N2O on cerebrovascular parameters are
complex. When used alone, N2O can increase CBF and ICP,
possibly due to the sympathomimetic action of the gas
(130,131). When combined with other inhaled drugs in 1.0
MAC or greater concentration, significant increases in CBF
begin to occur. These increases may be less than if N2O
were given alone, but greater than if the volatile agent was
given alone at the same MAC. Intravenous agents such as
thiopental, narcotics, or propofol administered concomi-
tantly with N2O may significantly attenuate this effect (132).

Because the extent of injuries is often unknown
during the initial resuscitation of the trauma victim, N2O
should be avoided. It is always prudent to administer
oxygen at 100% inspired concentration until the initial
assessment has been completed and adequate ventilation
and oxygen delivery to tissues is ensured.

Volatile Anesthetics
Volatile anesthetics produce far greater cardiovascular
depression than does N2O. Furthermore, trauma patients
have multiple reasons to display unpredictable or exagger-
ated responses to usual doses of these agents. They may
have an altered volume of distribution, cerebral blood
flow, cardiac output, as well as concomitant anemia and
hypoxemia. The presence of other agents such as alcohol,
“street drugs” or pressor agents administered during resus-
citation may also modify the MAC of inhaled anesthetics in
trauma patients (133). The safe use of the inhaled anesthetic
drugs in trauma requires both an understanding that only
reduced concentrations will be initially tolerated, and
careful titration to effect proceeds from there in order to
avoid adverse outcomes.

Hemodynamic Considerations
All of the commonly used inhaled drugs (halothane,

isoflurane, desflurane, and sevoflurane) cause significant

dose-dependent myocardial depression. These poten-
tially deleterious cardiovascular effects (Table 5) are far
more pronounced in the hypovolemic, or otherwise hemo-
dynamically compromised person.

Halothane. Halothane, like all volatile anesthetics, causes a
dose-dependent decrease in blood pressure. With halothane,
this effect results mainly from direct myocardial depression.
Indeed, studies in human myocardium have demonstrated
halothane to have the most profound negative inotropic
effect of the modern volatile agents (134,135). Halothane
also attenuates the baroreceptor reflex, blunting the ability
to maintain cardiac output by the usual increase in heart
rate (136). From this perspective, halothane can be viewed
as an “inhalational beta-blocker.”

Halothane is also known to sensitize the myocardium
to catecholamines. This is particularly relevant in the trauma

patient, as they often present with high endogenous levels of
these compounds and are far more likely than other patients
to receive exogenous vasopressors and inotropic drugs. This
effect is exacerbated in the setting of hypercarbia.

Isoflurane, Desflurane, Sevoflurane. The other common
inhaled drugs, isoflurane, desflurane and sevoflurane, have
less pronounced negative inotropy than halothane. They
also preserve the baroreceptor response to both decreased
arterial blood pressure and decreased cardiac output. Fur-
thermore, these agents also cause a direct decrease in periph-
eral vascular resistance. Trauma patients who already have
an increased heart rate may not manifest any further
increases in heart rate. Most importantly, the vasodilatory
effects of these drugs will counter the normal hypovolemic
shock-mediated increase in systemic vascular tone. Accord-
ingly, profound hypotension may result from even low con-
centrations of these volatile drugs, and careful titration is
again salient.

Sevoflurane may cause less increase in heart rate than
either desflurane or isoflurane but the decrease in blood
pressure is similar for all three agents in a dose-dependent
fashion in nontraumatized patients (137). Desflurane and
isoflurane appear to have very similar effects on systemic
vascular resistance and arterial blood pressure. Cardiac
output will be maintained or increased, but systemic vascu-
lar resistance decreases over time. Desflurane has been
shown to cause sympathetic stimulation or hyperactivity
during rapid increases in concentration of the drug. This
will not significantly occur in patients with hemorrhagic
shock because they already have maximum sympathetic
stimulation. However, both hypertension and tachycardia
does occur in euvolemic patients with desflurane, and
rapid increases in concentration should be avoided in
patients where this would be dangerous (138).

Cerebrovascular Considerations
In the setting of known or suspected neurologic injury
(specifically closed TBI), the anesthetic drugs must be tai-
lored to optimize cerebrodynamic parameters (CBF,
CMRO2, ICP, and CPP). The CPP should be maintained at
or above 60 mmHg.

All volatile anesthetics cause a dose-dependent
increase in CBF through direct vasodilation, and thereby
increase ICP. However, the degree to which this occurs
varies with each drug (Table 6). Additionally, this effect
may be attenuated by hyperventilation. Moderately lower-
ing the PaCO2 to 30 mm/Hg may blunt this response (even
to halothane), the most potent of the cerebral vasodilators
(139). With maintenance of an equivalent MAP, halothane

Table 6 Cerebrovascular Effects of Commonly Used

Inhalation Anesthetic Drugs

Drug CBF and ICP CMRO2 Seizure threshold

Sevoflurane " # # " / # /?

Desoflurane " " # # #

Isoflurane " " # # #

Halothane " " " " " # #

Nitrous Oxide " " #

Abbreviations: CBF, cerebral blood flow; ICP, intracranial pressure;

CMRO2, cerebral metabolic rate of O2 consumption; " , increased

effect; # , decreased effect; ?, conflicting data.
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will increase CBF about 190%, which is significantly more
than isoflurane (less than a 20% increase in CBF) (132). Sevo-
flurane has less influence on CBF and ICP than isoflurane or
desflurane (140–142). Induced hypocapnia will decrease the
cerebral vasodilatory effects with these agents as well
(143,144). A consequence of the potent inhaled agents is a
dose-dependent increase in CBF and a concomitant decrease
in CMRO2. This so-called “uncoupling” of the CBF to
CMRO2 argues against high-dose volatile anesthesia for
TBI, though there is also some evidence that this ratio
remains undisturbed (145,146). In any case, this is also a
dose-dependent effect, and the risk of an increase in CBF
(and ICP) usually outweighs any potential benefit from the
decreased CMRO2 associated with these agents.

However, in most cases, low doses of the volatile anes-
thetics can be used safely for intracranial procedures,
especially at less than one MAC. Visualization of the surgical
field and communication with the surgeons will provide
ongoing input as to the “tightness” of the brain. If there is
an increase in ICP which has not responded to other
measures, the volatile anesthetic should be discontinued in
favor of IV drugs (e.g., propofol) that are known to decrease
CBF, ICP, and CMRO2. Hemodynamically unstable patients
who respond to volatile anesthetics with a decrease in
MAP may have a compromised CPP, even when the ICP
does not increase further. A complete review of anesthetic
considerations for TBI is provided in Volume 1, Chapter 23.

In summary, the anesthesia provider must be ever-vig-
ilant when administering volatile anesthetics, must commu-
nicate with the surgical team while observing the field for
changes, and must be prepared to change the care plan to
suit the clinical conditions and to treat the consequences of
the agents administered.

Intravenous Agents (Total Intravenous Agents)
It would be ideal if all trauma patients could tolerate the
inhaled anesthetic drugs; they provide hypnosis, analgesia,
amnesia, and at least some degree of immobility and
muscle relaxation at higher doses. However, their cardiovas-
cular side effects (i.e., myocardial depression and vasodila-
tion) are difficult to tolerate initially in the trauma setting.

Similarly, it would be ideal to provide all components
of a complete anesthetic using a single IV drug. However,
most frequently, several different drugs must be simul-
taneously infused to optimize patient care using a total intra-
venous anesthetic (TIVA) technique. Drugs are specifically
selected and titrated to effect based upon the patient’s
injuries, condition, and surgical goals. Two of the most
important parameters guiding IV drug selection are the cer-
ebrovascular and cardiovascular effects (Table 7). Regardless
of the hypnotic drug selected, most TIVA techniques are
opioid-based.

Opioid-Based Techniques
The opioids are quite useful in unstable or head-injured
patients because they do not cause direct myocardial
depression, direct vasodilation, or cerebral vasodilation.
However, sympathetic output may be decreased following
opioid administration leading to a decrease in MAP, heart
rate (HR), and cardiac output. Infusions, as opposed to inter-
mittent boluses, are frequently employed for TIVA and are
believed to confer the benefits of achieving a more reliable
steady-state, a lower total-dose administered, less side
effects, hemodynamic stability, and a more rapid recovery
(147). Opioids are excellent analgesic agents but are

without amnestic effects except at exceedingly high doses.
If opioids are used as a foundation for the anesthetic, as
can be accomplished in trauma patients following resuscita-
tion, recall can occur unless drugs with amnestic properties
are coadministered.

In hemorrhaged, hypovolemic, animal models of
trauma, the blood concentration of opioids is higher than
in controls, even after short infusions. This is due to the con-
traction of blood volume and redistribution of blood flow
that occurs in shock (i.e., increased percentage of flow
going to vital structures, and less to skin, muscle and gut).
Accordingly, less opioids (fentanyl and remifentanil) are
required during maintenance to achieve the same blood
levels, due to a smaller central compartment and slower
central clearance (148,149).

The most commonly used opioid infusion for TIVA is
fentanyl. Fentanyl infusions in normovolemic patients are
usually administered within the range of 1–2 microgram
(mcg) per kilogram per hour, following a loading dose of
2–3 mcg/kg. The infusion is titrated to effect based upon
patient- and surgery-related variables. Opioid-tolerant
patients require increased infusion dosages, as do
patients undergoing very painful procedures. If extubation
is planned, the infusions need to be discontinued well
in advance of the anticipated end of surgery (30 minutes to
one hour). Context-sensitive half-times relate duration of
infusion to time course for elimination and recovery, after
a constant concentration has been maintained. All of these
parameters must be considered when fentanyl infusions
are used because the context-sensitive half-times (context
referring to duration of infusion and blood level achieved)

Table 7 Cerebrovascular and Cardiovascular Effects of

Intravenous Anesthetic Drugs

Cerebrovascular Cardiovascular

Agent CBF & ICP CMRO2 HR MAP

Pentothal # # # # # # " # #

Propofol # # # # # # N/C # #

Fentanyl # # # # #
a

Etomidate # # #
c

# # # N/C " then #b

Ketamine " # " " " " " or #d

aFentanyl does not cause a direct decrease in MAP, cardiac output, or SVR.

However, there is often an associated decrease in SVR and contractility sec-

ondary to the decrease in sympathetic tone.
bEtomidate may initially increase blood pressure in euvolemic patients, fol-

lowed by a decrease in blood pressure due to a decrease in sympathetic

tone. However, in hypovolemic patients MAP may drop more precipitously

due to the indirect loss of sympathetic tone.
cKetamine causes an increased CBF and ICP in spontaneously ventilating

patients, but does not increase ICP in patients receiving controlled mechan-

ical ventilation (see text for details).
dKetamine has direct sympathomimetic effects that may increase blood

pressure in normal patients. In maximally stressed patients, the sympatho-

mimetic effects of ketamine are not observed, only its direct myocardial

depression effects are seen (especially if administered in a bolus as

occurs during induction of anesthesia). However, ketamine has been used

safely, as an infusion, in patients who are breathing spontaneously

despite severe burns or poly trauma.

Abbreviations: CBF, cerebral blood flow; ICP, intracranial pressure;

CMRO2, cerebral metabolic rate of O2 consumption; HR, heart rate;

MAP, mean arterial blood pressure; " , increased effect; # , decreased

effect, " # , variable effect (see notes for ketamine).
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can be significantly different than the simple elimination
half-life for the same drug (150).

Remifentanil is a short-acting opioid that exhibits
rapid metabolism and clearance independent of infusion
duration. It is a useful drug when the benefits of narcotic
analgesia or anesthesia are desired but rapid recovery and
extubation are also required. Infusions of remifentanil can
be maintained entirely based upon the patient response. In
nontraumatized patients, rates of 0.1–1 mcg/kg/min are
generally employed and may be started with or without an
initial bolus. Decreased dosing requirements should be
expected for hypovolemic subjects. Due to the rapid metab-
olism of remifentanil by blood esterases, the elimination
half-life (and likely recovery) is about four minutes and,
unlike other opioids, is independent of infusion duration
(151). Remifentanil, for this reason, will exhibit more rapid
awakening and less postoperative respiratory depression
than fentanyl. However, supplemental analgesics will be
needed for painful procedures, as the remifentanil infusion
is discontinued to avoid excessive pain on awakening.

Other TIVA Infusion Drugs
Other IV drugs that may be infused as a primary anesthetic
or as part of a balanced regimen include propofol, benzo-
diazepines, etomidate, and ketamine. All of these drugs
have been discussed extensively as induction agents but
the potential effects and side effects should also be con-
sidered during infusion. In hemodynamically stable patients,
any of these drugs will provide adequate amnesia and seda-
tion. Etomidate and ketamine offer some benefits as infu-
sions when motor-evoked potentials are being monitored
during spine surgery. However, the side effects may be unto-
ward if used alone in stable, elective patients. Ketamine
causes hallucinations, which may result in nightmares
if used alone. Thus, ketamine infusions should be sup-
plemented with benzodiazepines (midazolam or lorazepam)
or with propofol. Ketamine can be infused as tolerated with
a reasonable starting rate around 30–50 mcg/kg/min. Pro-
longed etomidate infusions can cause adrenal suppression
and thus are not typically used except during surgery,
requiring monitoring of motor-evoked potentials (see
Volume 1, Chapter 26). In high doses and following pro-
longed administration, etomidate infusions can cause or
exacerbate metabolic acidosis.

A comparison of the hemodynamic and cerebral con-
sequences of commonly used IV induction and maintenance
drugs is shown in Table 7.

Neuromuscular Blocking Drugs
The NMB drugs useful for RSI (succinylcholine and rocuro-
nium) have been discussed in the previous section. For the
maintenance phase of anesthesia, a wider choice of NMB
drugs is available. The selection of these agents is based
upon their duration of action, metabolism, side-effects, and
hemodynamic profiles. Vecuronium has minimal effects on
heart rate and blood pressure and is a good choice for
patients with myocardial ischemia (where heart rate
elevation is detrimental). However, in the trauma setting,
drugs with vagolysis (pancuronium, rocuronium) are gener-
ally well tolerated. The commonly employed NMB drugs,
dosages, effects and side effects are displayed in Table 8.
Because pancuronium is the least expensive NMB and has
been safely used for several decades, it is recommended
for most situations when duration of paralysis is
inconsequential. In situations where residual NMB is

contraindicated at the end of the case (e.g., expected extuba-
tion at the end of surgery), vecuronium or rocuronium are
more frequently used due to shorter duration of action and
less effect with renal insufficiency. Cisatracurium is the
best NMB choice for patients with severe renal and/or
hepatic disease who do not need RSI, and only require a

short duration of blockade.

EMERGENCE AND POSTOPERATIVE PLANNING

Postoperative planning begins intraoperatively and requires
cooperation and communication between the surgical and
anesthesia trauma care teams.

Extubation Considerations
Trauma patients have multiple considerations, which

may influence the decision to extubate or maintain intuba-

tion for a prolonged duration following surgery. Patients
who were comatose, had an unfavorable Glasgow Coma
Scale (GCS) score prior to surgery, or intraoperative ICP pro-
blems are examples of those who should remain intubated
for neurosurgical purposes. Victims with significant
trauma to the airway or lungs have pulmonary reasons to
remain intubated postoperatively. Patients who have had
massive blood loss and fluid repletion may need to remain
intubated postoperatively due to fluid shift issues.

Sometimes, the decision will not be straightforward,
and may be based upon the surgeon’s concern about the
expected postoperative course or planned reoperation.
Sometimes the anesthesiologist will have concerns about
the patient’s ventilatory reserve capacity. Whenever there
is a significant amount of debate or doubt, we believe that
prudence calls for erring on the side of caution and
keeping the patient’s trachea intubated. If a patient
remains intubated when they could have been successfully
extubated, the ETT will not be in place for a long enough
period to significantly affect the patient’s outcome.
However, when a patient is prematurely extubated in a
tenuous cardiopulmonary state or in the setting of possible
airway swelling, reestablishing the airway may be difficult
and the patient’s outcome can be compromised.

Conditions Suitable for Tracheal Extubation
Patients who are hemodynamically stable, did not require
massive resuscitation, have uncomplicated or only periph-
eral injuries, and had an uneventful operative course
can be considered for extubation. These patients must
also be able to demonstrate the usual postoperative
criteria to have their trachea safely extubated at the con-
clusion of trauma surgery. Patients who do not possess all
of these above enumerated criteria require judgment prior
to extubation.

Conditions Dictating Retention of Endotracheal Tube
Several obvious conditions requiring retention of the ETT
were mentioned above and can be summarized as any case
where the patient is not expected to support spontaneous
ventilation, maintain oxygenation, or protect their airway
post extubation. Patients with trauma or operations on thor-
acic and upper abdominal structures are at greatest risk.
Elderly patients or those with one or more organ system
failure (heart, liver, or kidney) are at increased risk for post-
operative respiratory failure. Additionally, obese patients,
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smokers, and malnourished patients have a higher risk
of postoperative pulmonary complications warranting
added concern when deciding whether or not to extubate
(152–155). Finally, any patient with a known difficult intuba-
tion should only have the trachea extubated with the use of
a fiberoptic bronchoscope and/or an airway exchange
catheter, regardless of whether extubation occurs in
the OR, or postoperatively in the SICU (see Volume 2,
Chapter 29).

Postoperative Sedation and Analgesia
In most cases, the surgical or intensive care team will assume
the responsibility of providing postoperative care including
sedation and analgesia. The preparation for this begins in the
OR. Every patient should be ensured to receive adequate
postoperative analgesia.

Acute trauma patients are rarely candidates for
regional techniques and unless patients are stable or the pro-
cedures are nonemergent, it is not recommended. Planning
for such interventions as continuous catheter techniques,
intercostal blocks, and thoracic or lumbar epidurals may
need to be integrated with the administration of anesthesia
in the OR. Specific regional techniques and their application
to trauma are discussed in Volume 1, Chapter 20.

TRANSFER OF CARE

The transfer of care from the OR team to the SICU is extre-
mely important as these patients are frequently transitioning
from instability to fully resuscitated. Planning for transfer
begins in the OR during the “general anesthesia” phase.
Accordingly, several points deserve mention here.

Transport
Transport of critically ill patients can be dangerous

and is associated with a high complication rate (156).
Complication rates vary, probably reflecting the disparity
in monitoring, transport and management protocols at
different institutions. The important concepts for increasing
patient safety during transport distill down to two major
points: (i) preparation and (ii) vigilance. Preparation
includes stabilization of the patient and preparation of the
transport environment (gurney monitors, resuscitation
fluids and drugs). The patient should not be transported
unless cardiopulmonary status is stabilized and monitoring
is adequate. These recommendations obviously do not apply
to the “hopeless” trauma patient who is near death and
likely to die soon after transport to the SICU.

Table 8 Nondepolarizing Neuromuscular Blockade Drugs Commonly Used for Intubation and Maintenance of Muscle Relaxation

NMB drug

Onset (for

intubation

dose)

Dose (mg/kg)

bolus with

inhalation

anesthesia for

maintenance

Duration

(minutes to

recovery 25%

twitch height)

Metabolism and

excretion Side effects

Rocuroniuma 1–1.5

30–60 sec

(RSI)

Intubation:

0.6 (routine)

1.2 (RSI)

Maintenance:

–0.1–0.15

40–70

(variable)

Mostly biliary

(90%) with some

renal (10%)

excretion of

unchanged drug

Variable duration

of action after

dose used for RSI

Cisatracuriumb 1.5–2 min Intubation:

0.2

Maintenance:

0.02–0.03

40–60 Hoffman

elimination

(spontaneous

enzymatic

degradation)

Possible l

audanosine

metabolite

accumulation

Vecuronium 3–5 min Intubation:

0.1

Maintenance:

0.01–0.03

30–40 20–40% hepatic

degradation;

mostly biliary

(80%) with some

renal (20%)

excretion of

unchanged drug

Metabolites may

accumulate

especially in

renal failure

Pancuronium 4–6 min Intubation:

0.1

Maintenance:

0.01–0.03

45–60 20–40% hepatic

degradation;

mostly renal

(80%) excretion

of unchanged

drug with some

(,10%) biliary

excretion

Vagolysis and

tachycardia

metabolites may

accumulate

especially in

renal failure

aOnly rocuronium is recommended for RSI in patients with a contraindication to succinylcholine.
bCisatracurium is recommended when NMB is required in patients with significant renal and/or liver disease and prolonged NMB would be detrimental to

patient management.

Abbreviation: NMB, neuromuscular blockade.
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Standard blood pressure monitoring is required (inva-
sive arterial pressure monitoring is generally advised), while
pulse oximetry and ECG should always be used. Compact
transport size PETCO2 monitors are now widely available
and should accompany transport of critically ill patients.
Placement of an indwelling urinary (i.e., foley) catheter
and monitoring urine output is recommended for long-
range transport. Additional monitoring of central venous,
pulmonary artery pressures or ICP is determined on an indi-
vidual basis.

If the ETT is retained, the patient should be adequately
sedated and occasionally paralyzed to avoid inadvertent loss
of airway. BVM ventilation or a portable transport mechan-
ical ventilator can be utilized but the anesthesiologist accom-
panying the transport must be prepared to reintubate the
trachea if needed. Masks, laryngoscopes, endotracheal
tubes, and an oxygen cylinder should be available during
patient transfer in case of accidental loss of the airway
en route. In the case of extubated patients, the anesthesiolo-
gist constantly observes and supports the airway during
transport.

The transport team should carry emergency resuscita-
tion drugs as well. These may include sedatives, paralytics,
and vasoactive agents (such as those employed in Advanced
Cardiac Life Supportw (ACLSw) protocols: epinephrine, atro-
pine, vasopressin, etc.) Efforts should also be made to keep
the patient warm during transport. Vigilance is the “watch
word” used to emphasize that all of these issues must be
observed closely and vital signs must be continuously sur-
veyed by the transport team.

In addition, postoperative anesthesia care unit (PACU)
or ICU providers should have advanced “warning” that the
patient is about to be transported to their unit to be advised
of any special requirements to ensure a seamless “transfer of
care.”

Report to Critical Care Team
The communication of relevant information should be care-
fully relayed to both the primary team of physicians and to
the nursing staff immediately assuming care of the patient.
The report begins with a recital of the patient’s name, age,
mechanism of injury, the specific procedures performed,
any pre-existing medical conditions (including allergies),
and a list of other known injuries that were not repaired.
This is followed by a summary of the intraoperative
course, additional details of the operation, and whether the
case involved “damage control” maneuvers (e.g., involving
packs left in the abdomen, etc.). Also supplied is information
regarding the type of anesthesia delivered, any difficulty in
maintaining stable vital signs including vasoactive agents
used, and whether they have been continued. Specific infor-
mation about estimated blood loss with fluid and blood
replacement volumes, urine output, antibiotics adminis-
tered; dosages of, and time interval since, last sedative or
paralytic drugs given should be carefully documented and
passed on. An explanation of any continued infusions of
other medications should also be relayed.

EYE TO THE FUTURE
Xenon
An “ideal anesthetic” provides profound hypnosis, analge-
sia, and muscle relaxation. Additionally, it should be easy
to titrate, allow for rapid awakening, have minimal side
effects, and be devoid of any organ system toxicity. Xenon

is an inhaled anesthetic possessing many of these qualities
but has not been promoted by drug companies due to its
very high production and delivery costs. Recently, many
have shown a renewed interest in xenon as technological
advances have lowered the production cost and improved
the efficiency of systems used to deliver xenon gas during
anesthesia. The field of trauma anesthesia may potentially
benefit from xenon more than others, because of its stable
effect on the cardiovascular system.

The anesthetic properties of xenon in humans have
been reported since the early 1950s. The low blood/gas
partition coefficient (0.115) is responsible for the rapidity
of both induction and awakening (157). The MAC of
xenon was initially reported to be around 70% but in
more recent studies it seems to be closer to 63% (158,159)
and may have variability based on age and gender (160).
The predominant mechanism of action of Xenon appears
to be inhibition of the NMDA receptor (which is similar
to nitrous oxide) (161). In addition, xenon possesses
unique neuroprotective properties that are not shared by
other NMDA receptor antagonists such as ketamine or
nitrous oxide, both of which may have intrinsic coexisting
neurotoxicity (162,163). Recently, xenon was demonstrated
to alter neurotransmission in the nematode (Caenorhabdi-
tis elegans) using a non-NMDA mediated mechanism
(164). This data demonstrated, for the first time, a potential
difference between xenon and nitrous oxide (which
requires the NMDA receptor to have a similar effect on
the nematode) and this difference may also be operative
in humans (164).

One of the most important properties of xenon as a poten-
tial drug for trauma care is its lack of any negative inotropic
effect. This property has been demonstrated in both humans
and animal models with healthy and failing hearts (165,166).
As a volatile agent, xenon could be administered to patients
during resuscitation and/or medical evacuation. However,
patients with significant thoracic trauma or other etiologies of
right-to-left transpulmonary shunt may not be able to achieve
adequate levels of xenon gas (MAC ¼ 63%). Further study is
needed to more fully comment on cerebral effects of xenon
and the potential for gas retention in hollow organs.

Hydrogen Sulfide
For many years, it has been thought that inducing a “sus-
pended animation” state in trauma patients might be
helpful for saving the lives of patients with major injuries
and long transport times who would otherwise expire
prior to reaching definitive care (167). The proposed
“hibernation period” could theoretically pause the pro-
gression of injury and cell death.

Recent research has shown that hydrogen sulfide
(H2S) is a potential agent that might be able to induce a “sus-
pended animation” state in humans. H2S is a gas at room
temperature, and is detected by its strong sulfur odor charac-
terized as “rotten-eggs.” H2S specifically inhibits complex IV
(cytochrome c oxidase) of the electron transport chain—
halting the reduction of oxygen to water, thereby drastically
slowing overall metabolism (167). Blackstone, et al. (168)
have recently shown that H2S is capable of inducing a
“suspended animation” state in mice. The effects of an
80 ppm dose of H2S showed that oxygen consumption and
carbon dioxide output dropped by 50% and 60%, respect-
ively. Core body temperature fell to about 28C above
ambient temperature. In effect, the warm-blooded organism
became cold-blooded. H2S is known to be toxic in high
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concentrations and thus, the study assayed for H2S-induced
damage but found no behavioral or functional differences.

This research is evidence that easily achievable doses
of H2S might be able to induce a “suspended animation”
state in humans which could benefit the trauma patients
by reducing ischemic damage and increasing the “Golden
Hour” (i.e., the time period for injury amelioration and
stabilization). Although the associated hypothermia is theor-
etically beneficial in solitary TBI, clinical trials of inducing
mild hypothermia by itself have not yet been shown to
improve outcomes (169). In addition, significant hypother-
mia exhibited by the study animals described above can be
deleterious to patients with polytrauma and early hemor-
rhage-related coagulopathy.

Accordingly much more research is required in order
to determine the feasibility of using H2S in humans. The pro-
vocative results of the work by Blackstone et al. in the mam-
malian rodent model provides additional insight into novel
techniques for management of the trauma patient and a
glimpse into future therapeutic modalities.

SUMMARY

Caring for acutely injured and critically ill patients requires
an organized approach. In trauma resuscitation and surgery,
the nature and extent of injuries may not be known until
after the induction of anesthesia and surgery begins. This
makes it impossible to prescribe a universal “recipe” for all
trauma patients. However, by applying the organized
approach presented here, patients will be evaluated and
resuscitated prior to induction and optimally managed in
the OR. The ATLS protocols provide the basis for establish-
ing priorities during the Primary Survey of the patient’s inju-
ries. The additional anesthesia-related concerns provided in
Table 1 blend the anesthetic management with the patient
condition and surgical needs.

For induction, preoxygenation is emphasized, and RSI
may need modification in certain circumstances. Awake
fiberoptic intubation is used in cooperative, hemodynami-
cally stable patients with recognized difficult airways.

The selection of drugs for induction includes a hypno-
tic agent and a muscle relaxant. The most common and
perhaps safest induction drug combination is etomidate,
and either succinylcholine or rocuronium. Etomidate pro-
vides relative hemodynamic stability, and has a low side-
effect profile as a one-time bolus. Succinylcholine provides
rapid, profound, and reliable relaxation but has a well-
known list of contraindications that should be observed in
trauma patients. The introduction of rocuronium has pro-
vided a valuable alternative to succinylcholine over the
last decade.

There will be times that a patient will be deemed too
unstable to tolerate even small doses of typical anesthetics.
An amnestic such as scopolamine in combination with
muscle relaxation may be all that can be administered
initially in order to preserve life at the risk of some recall.
However, as soon as the patient’s hemodynamic status
improves, additional amnestics (e.g., midazolam) are titrated
in carefully.

Anesthetic maintenance requires continual assessment
of the patient’s condition and response to the drugs used.
Inhalation anesthetics, IV drugs, or a combination of the
two are often used. Selection of agents involves an assess-
ment of the patient’s hemodynamic status, presence or

absence of a closed TBI, and likelihood of pneumothorax
or other conditions that alter the tolerance to certain drugs.

Based upon the extent of injuries, the status of the
patient, and perhaps the expectations of the surgeons, plan-
ning begins for postoperative care. Often, the patient is
transported to the ICU intubated, sedated and pharmaco-
logically paralyzed. Less often, following major trauma,
and only in carefully selected patients, the trachea will be
extubated in the OR. Extubation is only appropriate with
less severe (mainly peripheral) injuries, with patients who
were not neurologically (or otherwise) impaired preopera-
tively, and who are not considered to be difficult intuba-
tion/extubation patients (see Volume 2, Chapter 29).

The trauma anesthesiologist will have the most insight
into the hemodynamic condition of the patient at the end of
the surgery. Information regarding the current status, the
hemodynamic and physiologic course, level of resuscitation
required, and tolerance of different drugs (in addition to
routine information) should be relayed to the nursing and
critical care staff who will be assuming care of the patient.

The intraoperative goal is to “do no further harm” and
to preserve function of all major organ systems, with highest
priority on the brain, spinal cord, and cardiopulmonary
systems. These guidelines will assist clinicians involved in
trauma management to provide the highest level of care
possible (given today’s technology), and to inspire them to
search for new techniques and drugs (such as xenon or
H2S) for the continued progress in improving care.

KEY POINTS

Anesthetic management can best be planned after com-
pletion of a thorough survey of all trauma-related
considerations.
Trauma airway management begins by providing
oxygen supplementation, followed by assessing
patency, ventilation adequacy, and difficulty of
intubation.
Regardless of where the ETT was inserted (i.e., in the
field or in the resuscitation bay), proper placement
must be objectively confirmed by direct laryngoscopy,
capnography (less accurate in situations of decreased
or absent cardiac output), fiberoptic bronchoscopy, or
an esophageal detector device (EDD).
Ventilation can be continually confirmed and moni-
tored with a continuous PETCO2 measurement device.
Hemorrhage is the most common cause of shock in
trauma victims. It is therefore prudent to initially treat
all trauma patients as if they are hypovolemic until
proven otherwise.
Because there are numerous anesthetic considerations
related to hypothermia, including exacerbation of coa-
gulopathy, the anesthesiologist should ensure a warm
environment and employ warming devices as soon as
possible.
The standard of care for initiation of anesthesia and
securing the airway following trauma is RSI unless
the patient has a known cervical spine injury, or difficult
airway, in which case an awake intubation should be
considered.
No standard sequence or combination of induction and
neuromuscular blockade (NMB) drugs are appropriate
for all trauma induction situations.
In many cases, the combination of etomidate with a
rapid onset NMB drug (succinylcholine or rocuronium)
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will provide the best (safest and most efficacious)
induction conditions for the trauma patient.
Patients with head injuries may benefit from etomi-
date’s cerebro-protective effects, including decreased
ICP and CMRO2.
Ketamine causes direct myocardial depression, which
can cause hemodynamic collapse when administered
as a bolus in hypovolemic and/or catecholamine-
depleted patients (16,44).
Ketamine is known to directly relax bronchial smooth
muscle (46,47). The bronchodilation response occurs
through a variety of mechanisms including neurally
mediated pathways (2).
Propofol, like most anesthesia induction drugs,
decreases the CMRO2, CBF, and ICP.
Like ketamine, propofol is a bronchodilator.
Although many NMB drugs exist, only succinylcholine
and rocuronium are recommended for RSI in the
trauma patient.
In certain high-risk patients, succinylcholine should be
avoided due to the potential for exaggerated Kþ

release and subsequent hyperkalemia induced
cardiac arrest.
As with other nondepolarizing NMB drugs, rocuro-
nium does not cause fasciculations nor does it increase
intracranial, intraocular or intragastric pressures.
Scopolamine (5–10 mcg/kg) has long been used as an
amnestic in those situations when hemodynamic
instability precludes the use of other standard induc-
tion drugs (123).
Because the extent of injuries is often unknown during
the initial resuscitation of the trauma victim, N2O
should be avoided.
All of the commonly used inhaled drugs (halothane,
isoflurane, desflurane, and sevoflurane) cause signifi-
cant dose-dependent myocardial depression.
Cisatracurium is the best NMB choice for patients with
severe renal and/or hepatic disease who do not need
RSI and/or only require a short duration of blockade.
Trauma patients have multiple considerations, which
may influence the decision to extubate or main-
tain intubation for a prolonged duration following
surgery.
Transport of critically ill patients can be dangerous and
is associated with a high complication rate (156).

REFERENCES

1. Advanced Trauma Life Support for Doctors. Student Course
Manual. 7th ed. Chicago, IL: American College of Surgeons,
2004.

2. Rodricks MB, Deutschman CS. Emergent airway management:
indications and methods in the face of confounding conditions.
Critical Care Clinics 2000; 16(3):389–409.

3. Schwartz DE, Matthay MA, Cohen NH. Death and other com-
plications of emergency airway management in critically ill
adults. Anesthesiology 1995; 82:367–376.

4. Walls RM. Airway management in the blunt trauma patient:
how important is the cervical spine? Can J Surg 1992; 35:27–30.

5. Grossman MD, Eilly PM, Gillett T, Gillett D. National survey of
the incidence of cervical spine injury and approach to cervical
spine clearance in U.S. trauma centers. J Trauma 1999;
47(4):684–690.

6. Bedell E, Prough DS. Anesthetic management of traumatic
brain injury. Anesthesiol Clinic North America 2002;
20:417–439.

7. Alker GJ, Oh YS, Leslie EV, et al. Postmortem radiology of the
head and neck injuries in fatal traffic accidents. Radiology 1975;
114:611–617.

8. O’Malley KF, Ross SE. The incidence of injury to the cervical
spine in patients with craniocerebral injury. J Trauma 1988;
28:1476–1478.

9. Buduan G, McRitchie DI. Missed injuries in patient with mul-
tiple trauma. J Trauma 2000; 49:600–605.

10. Baraka AS, Taha SK, Aouad MT, et al. Preoxygenation: com-
parison of maximal breathing and tidal volume breathing tech-
niques. Anesthesiology 1999; 91:612–616.

11. Wilson WC, Benumof JL. Pathophysiology, evaluation and
treatment of the difficult airway. Anes Clin North America
1998; 16:29–75.

12. Horak J, Weiss S. Emergent management of the airway: new
pharmacology and the control of comorbidities in cardiac
disease, ischemia, and valvular heart disease. Crit Care
Clin 2000; 16(3):411–427.

13. Van Hamme MJ, Ghoneim MM, Ambre JJ. Pharmacokinetics of
etomidate, a new intravenous anesthetic. Anesthesiology 1978;
49:274–277.

14. Giese JL, Stanley TH. Etomidate: a new intravenous anesthetic
induction agent. Pharmacotherapy 1983; 3:251–258.

15. Hadzija BW, Lubarsky DA. Compatibility of etomidate, thio-
pental sodium, and propofol injections with drugs commonly
administered during induction of anesthesia. Am J Health
Syst Pharm 1995; 52:97–98.

16. Reves JG, Glass PSA, Lubarsky DA. Nonbarbiturate intrave-
nous anesthetics. In: Miller RD, ed. Anesthesia. 5th ed. Phila-
delphia: Churchill Livingstone, 2000; 245–249.

17. Renou AM, Vernhiet J, Macrez P, et al. Cerebral blood flow and
metabolism during etomidate anesthesia in man. Br J Anaesth
1978; 50:1047–1057.

18. Cheng MA, Theard, MA, Tempelhoff R. Intravenous agents
and intraoperative neuroprotection-beyond barbiturates. Crit
Care Clin 1997; 13:185–199.

19. Doenicke AW, Roizen MF, Kugler J, et al. Reducing myoclonus
after etomidate. Anesthesiol 1999; 90:113–119.

20. Plewa MC, King R, Johnson D, et al. Etomidate use during
emergency intubation of trauma patients. Am J Emerg Med
1997; 15:98–100.

21. Gooding JM, Weng JT, Smith RA, et al. Cardiovascular and pul-
monary responses following etomidate induction of anesthesia
in patients with demonstrated cardiac disease. Anesth Analg
1979; 58:40–41.

22. Gooding JM, Corssen G. Effect of etomidate on the cardiovas-
cular system. Anesth Analg 1977; 56:717–719.

23. Colvin MP, Savege TM, Newland PE, et al. Cardiorespira-
tory changes following induction of anesthesia with etomi-
date in patients with cardiac disease. Br J Anaesth 1979;
51:551–556.

24. Hassan HG, el-Sharkawy TY, Renck H, et al. Hemodynamic
and catecholamine responses to laryngoscopy with vs.
without endotracheal intubation. Acta Anaesthesiol Scand
1991; 35:442–447.

25. Weiss-Bloom LJ, Reich DL. Haemodynamic responses to tra-
cheal intubation following etomidate and fentanyl for anaes-
thetic induction. Can J Anaesth 1992; 39:780–785.

26. Preziosi P, Vacca M. Adrenocortical suppression and other
endocrine effects of etomidate. Life Sci 1988; 42:477–489.

27. Allolio B, Dorr H, Stuttmann R, et al. Effect of a single bolus of
etomidate upon eight major corticosteroid hormones and
plasma ACTH. Clin Endocrinol 1985; 22:281–286.

28. Duthie DJR, Fraser R, Nimmo WS. Effect of induction of anaes-
thesia with etomidate on corticosteroid synthesis in man. Br J
Anaesth 1985; 57:156–159.

29. Doenicke A, Roizen MF, Hoernecke R, et al. Haemolysis after
etomidate: comparison of propylene glycol and lipid formu-
lations. Br J Anaesth 1997; 79:386–388.

30. Levy ML, Aranda M, Zelman V, Giannotta SL. Propylene
glycol toxicity following continuous etomidate infusion for
the control of refractory cerebral edema. Neurosurgery 1995;
37:363–369; discussion 369–371.

Chapter 19: General Anesthesia for Trauma 381



31. Van de Wiele B, Rubinstein E, Peacock W, Martin N. Propylene
glycol toxicity caused by prolonged infusion of etomidate. J
Neurosurg Anesthesiol 1995; 7:259–262.

32. Mosby’s Drug Consult. Mosby, Inc. 2002.
33. White PF, Way WL, Trevor AJ. Ketamine: its pharmacology and

therapeutic uses. Anesthesiology 1982; 56:119–136.
34. McArdle P. Intravenous analgesia. Crit Care Clin 1999;

15:89–104
35. Chang T, Glazko AJ. Biotransformation and disposition of keta-

mine. Int Anesthesiol Clin 1974; 12:157–177.
36. Corssen G, Reves JG, Stanley TH. Dissociative anesthesia.

Intravenous Anesthesia and Analgesia. Philadelphia: Lea &
Febinger, 1988.

37. Hemmings HC Jr, Hopkins PM. Intravenous anesthetic agents.
In: Hemmings HC Jr, ed. Foundations of Anesthesia, Basic and
Clinical Sciences. St. Louis: Mosby; 2000:241–252.

38. Kochs E, Werner C, Hoffman WE. Concurrent increases in
brain electrical activity and intracranial blood flow velocity
during low-dose ketamine anaesthesia. Can J Anaesth 1991;
38:826–830.

39. Rothman SM, Olney JW. Glutamate and the pathophysiology
of hypoxic-ischemic brain damage. Ann Neurol 1986;
19:105–111.

40. Himmelseher S, Durieux ME. Revising a dogma: ketamine for
patients with neurological injury? Anesth Analg 2005;
101:524–534.

41. Mayberg TS, Lam AM, Matta BF, et al. Ketamine does not
increase cerebral blood flow velocity or intracranial pressure
during isoflurane/nitrous oxide anesthesia in patients under-
going craniotomy. Anesth Analg 1995; 81:84–89.

42. Kohrs R, Durieux ME. Ketamine: teaching an old drug new
tricks. Anesth Analg 1998; 87:1186–1193.

43. Bowdle TA, Radant AD, Cowley DS, et al. Psychedelic effects of
ketamine in healthy volunteers: relationship to steady-state
plasma concentrations. Anesthesiology 1998; 88(1):82–88.

44. Weiskopf RB, Bogetz MS, Roizen MF, et al. Cardiovascular and
metabolic sequelae of inducing anesthesia with ketamine or
thiopental in hypovolemic swine. Anesthesiology 1984;
60:214–219.

45. Hamza J, Ecoffey L, Gross JB. Ventilatory response to CO2 fol-
lowing intravenous ketamine in children. Anesthesiology 1989;
70:422–425.

46. Cheng EY, Mazzeo AJ, Bosnjak ZJ, Kampine JP. Direct relaxant
effects of intravenous anesthetics on airway smooth muscle.
Anesth Analg 1996; 83:162–168.

47. Ouedraogo N, JRoux E, Forestier F, et al. Effects of intravenous
anesthetics on normal and passively sensitized human isolated
airway smooth muscle. Anesthesiology 1998; 88:317–326.

48. Brown RH, Wagner EM. Mechanisms of bronchoprotection by
anesthetic induction agents, propofol versus ketamine.
Anesthesiology 1999; 90(3):822–828.

49. Diprivan 1% propofol [package insert]. Wilmington, DE. Astra-
Zeneca Pharmaceuticals; 2001.

50. Donnelly, AJ, Baughman VL, Gonzales JP, Tomsik, EA.
Anesthesiology and Critical Care Drug Handbook. 5th ed.
Hudson, OH: Lexi-Comp Inc., 2004:882.

51. Veroli P, O’Kelly B, Bertrand F, et al. Extrahepatic metabolism
of propofol in man during the anhepatic phase of orthotopic
liver transplantation. Br J Anaesth 1992; 68:183–186.

52. Dawidowicz AL, Fornal E, Mardorowicz M, Fijalkowska
A. The role of the human lungs in the biotransformation of pro-
pofol. Anesthesiology 2000; 93:992–997.

53. Hughes MA, Jacobs JR, Glass PSA. Context-sensitive half-time
in multicompartment pharmacokinetic models for intravenous
anesthesia. Anesthesiology 1992; 76:334–341.

54. Chen TL, Ueng TH, Chen SH, et al. Human Cytochrome p-450
mono-oxygenase system is suppressed by propofol. Br J
Anaesth 1995; 74:558–562.

55. Chen TL, Wu CH, Chen TG, et al. Effects of propofol on func-
tional activities of hepatic and extrahepatic conjugation
enzyme systems. Br J Anaesth 2000; 84:771–776.
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INTRODUCTION

The role of regional anesthesia in the trauma patient is both
complex and controversial. The decision-making is complex,
because trauma patients may present with a spectrum of
injuries and in various degrees of shock. Accordingly,
simple rules cannot be applied to all patients. Use of regional
anesthesia in the trauma patient is controversial, because
initial historical reports of spinal anesthesia use in acute
trauma predictably resulted in catastrophe (1) and several
common trauma-related conditions constitute either absol-
ute or relative contraindications to regional anesthesia
(e.g., full stomach, hemodynamic compromise, unstable/
uncleared cervical thoracic or lumbar spine, compartment
syndrome of lower extremities, etc.).

Furthermore, randomized controlled studies have not
been conducted, comparing regional with general anesthesia
for various types of trauma-related injuries and/or con-
ditions. To be done correctly, such a study would need to
stratify acute versus subacute injury, hemodynamically
stable versus unstable shock physiology, combined extre-
mity with head and torso trauma versus isolated extremity
injury, and neuraxial blockade (spinal, epidural) versus per-
ipheral nerve blockade.

In cases of multiple trauma involving head or torso
injuries where airway management and controlled venti-
lation are critical, general anesthesia is clearly a superior
choice. However, there are many other trauma scenarios,
for which regional anesthesia provides substantial benefit
as the primary anesthetic, an adjunct to general anesthesia,
or analgesia postoperatively.

Trained anesthesiologists can expeditiously adminis-
ter regional anesthesia. The quick onset and lack of sophisti-
cated equipment for delivery allow use in distant and
austere environments (so long as appropriate monitoring
and resuscitation equipment are available). Additionally,
regional anesthetics allow the patient to remain awake and
alert, facilitating ongoing evaluation of mental status (1–4).
When determining the appropriateness of a regional anes-
thetic in trauma patients, consideration must be given to
the current hemodynamic and intravascular volume state,
as well as the cardiac, pulmonary, and neurologic status.
Safety and appropriateness of a regional anesthetic tech-
nique also involve consideration of the planned surgical pro-
cedure, both in terms of anatomic location and extent of
physiologic intrusion.

RISKS AND BENEFITS OF REGIONAL ANESTHESIA

Regional anesthesia, whether alone or in combination
with other forms of anesthesia, can offer a number of

proven benefits over general anesthesia alone. The pro-
found pain relief resulting from sensory nerve blockade
reduces or eliminates the need for systemic opioids which
can alter mental status, depress respiration, and exacerbate
aspiration risk. Regional block techniques prevent
nociceptive stimuli from reaching the brain, thus allowing
the use of lower doses of general anesthetics when both tech-
niques are employed. Postoperative return of cognitive func-
tion after general anesthesia is therefore more rapid,
reducing the risk of aspiration—a significant benefit for a
trauma patient with a full stomach.

The reduced sympathetic tone associated with a
regional technique can help to modulate local and systemic
hemodynamics. Vasodilation may improve blood supply to
involved areas and may help maintain tissue viability.
Regional anesthesia is also effective in modifying the
body’s stress response not only to the trauma itself but
also to the subsequent surgery (1–4).

Tissue injury, surgery, and the immobilization associ-
ated with convalescence, all serve to increase the risk for
developing deep vein thrombosis (DVT) in trauma patients
(see Volume 2, Chapter 56). Regional anesthesia has
been shown to decrease the incidence of DVT in non-
trauma-related surgery, and, as such, provides a theoretical

(and probably real) supplement to the DVT prophylactic
regimen (5).

Mean arterial blood pressure often decreases as a
result of regional anesthesia, especially in the case of neurax-
ial blockade. Modest decrements in arterial pressure can be
helpful, reducing blood loss during surgery and improving
the surgical field, but larger changes can be hazardous.

Trauma patients often present after suffering significant
blood loss; care must be taken to ensure that the patient
does not become functionally hypovolemic due to the anes-

thetic, which can result in hypoperfusion-related morbidity,
including exacerbated shock state, ischemia, cardiac arrest,
or death. Careful attention and swift response to fluid
shifts, deterioration in urine output, or decreases in cardiac
indices, along with continued vigilance for, and control of,
ongoing bleeding, are paramount (1,2).

The development of arterial hypotension, especially
in concert with injury-related hypovolemia, is generally

385



considered the most worrisome acute complication of
regional anesthesia in the trauma patient (1). Following
blood loss, the sympathetic nervous system is responsible
for hemodynamic compensation to maintain perfusion of
critical organs. As regional anesthesia with local anesthetic
produces sympathectomy, significant ongoing blood loss
is a relative contraindication against regional techniques
unless blood loss is controlled and intravascular volume is
replete. Preanesthetic intravenous hydration or blood trans-
fusions and the availability of sympathomimetic medi-
cations are essential to minimize this risk.

Regional techniques as the sole anesthetic leave a
patient with an uncontrolled airway, which can be danger-
ous in the event of cognitive impairment due to sudden
hypotension, hypoxia, or ischemia. Accordingly, patients
at risk of losing consciousness or becoming unstable or unco-
operative intraoperatively are not suitable candidates for
regional anesthesia. Additionally, a full stomach is a relative
contraindication for regional anesthesia because of increased
risk for regurgitation and pulmonary aspiration if a regional
technique needs to be emergently converted into a general
anesthetic (or a complication such as a seizure occurs
during the administration of the regional anesthetic). Patients
with full stomachs requiring emergency surgery should be
intubated with a rapid sequence induction (RSI) technique,
or awake fiberoptic intubation in the case of an anticipated
difficult airway (DA) (refer to Volume 1, Chapter 9).

Other complications of regional anesthesia must also be
considered. The possibility of an intravascular injection of local
anesthetic (and subsequent seizure) exists anytime a regional
technique is performed. A trauma patient presenting for emer-
gency surgery may have a full stomach, and a seizure will
increase the risk for aspiration of gastric contents. Pneu-
mothorax is a risk for some regional blocks performed on the
upper extremity (e.g., interscalene, supraclavicular and infra-
clavicular blocks). If a patient has pre-existing respiratory com-
promise, the development of a pneumothorax may trigger
acute respiratory distress. Another respiratory consideration
is the hemi-diaphragmatic paralysis that occurs when an inter-
scalene block is performed (6). A patient who is tolerating the
respiratory insult of an underlying injury may acutely decom-
pensate after losing half the diaphragmatic activity. Imagine the
patient with a contralateral pneumothorax and fractured ribs
who is maintaining adequate respiratory function despite a
moderate degree of pain and increased work of breathing
(WOB). Decreasing the ability to perform that WOB as a
result of hemi-diaphragmatic paralysis on the side without pul-
monary injury will almost certainly result in respiratory dis-
tress and the urgent/emergent need for tracheal intubation.

An important consideration in deciding whether a
regional technique is appropriate in the trauma patient is
the real possibility of losing or changing physical examin-
ation findings, following the implementation of certain
blocks, confounding subsequent patient monitoring.

A Horner’s syndrome may occur incidentally after an
interscalene block, resulting in a dilated pupil on the side of
the block (1–4). This may interfere with accurate neurologic
evaluation. Further, while the merit of regional anesthesia is
its ability to provide adequate pain relief, a continuous infu-
sion of local anesthetic into the epidural space has been
implicated in the failure to diagnose a compartment syn-
drome (7). Similar concerns have been raised with regard
to peripheral nerve blocks in the setting of acute limb inju-
ries, although no such case report exists in the literature.

Hematoma and/or pain at the site of injection are side
effects common to all regional techniques. Infection at the

skin puncture site is a possible complication rarely seen
with proper antiseptic technique. Permanent neurologic
injury is the rarest but the most serious complication
resulting from regional anesthesia (8). Side effects and com-
plications specific to the various peripheral nerve block
techniques are described in the sections that follow.

HISTORICAL USE OF REGIONAL ANESTHESIA
INWAR ZONES

Initial experience with spinal anesthesia for trauma occurred
during World War I. Admiral Sir Gordon Taylor of the Royal
Navy proclaimed, following the Battle of Jutland, that
“spinal anesthesia was the best form of euthanasia I know
for the war injured.” This was partially attributable to
limited resources (resuscitation fluids and supplies) as well
as to a lack of understanding of the pathophysiology of
shock and spinal anesthesia.

In contrast to early negative experiences, physicians
have successfully utilized regional anesthesia in patients suf-
fering significant trauma. Two studies detailing extensive
surgical procedures in trauma patients were reported from
war zone experiences during the Vietnam conflict (9,10).
These reports clearly demonstrate how regional anesthesia
can be used effectively in the military trauma setting. In
both reports, the physician providing anesthesia faced
severely limited availability of resources required for
general anesthesia; In one instance, Dr. Bion (9) had ade-
quate supplies for spinal anesthesia, whereas, in the other,
Dr. Bich (10) had supplies for epidural anesthesia.

Bion reported on his experience with spinal anesthesia
utilized on trauma patients in a field hospital along the Thai–
Cambodian border (9). Patients arriving for care had suffered
serious land mine, bullet, and shell fragment injuries to the
lower extremities, perineum, and abdomen. Bion performed
a study comparing the effect of spinal anesthesia on blood
pressure in patients arriving to the field hospital who were
either hypotensive (shock group) or normotensive (nonshock
group) at the time of arrival. Of the 29 patients studied, 11
had a systolic blood pressure less than 90 mmHg (mean
47 mmHg) on arrival to the hospital.

Spinal anesthesia consisting of 3 mL of 0.5% isobaric
bupivacaine was administered after the patients were resus-
citated with fluid. In order to minimize patient positioning
and pain while performing the spinal technique, the patients
were placed on the operating table with the more severely
injured side up. Bion reported no significant difference in
blood pressure decline, following the administration of the
isobaric spinal anesthetic in patients who were initially
hypotensive upon arrival to the field hospital when com-
pared with those who were normotensive on arrival. The
onset of anesthesia began within one minute after spinal
administration and was complete after two minutes from
administration of the bupivacaine.

A total of four patients became significantly hypoten-
sive during the study: one in the nonshock group and
three in the shock group. The hypotension was treated
appropriately without sequelae. Bion concluded that isoba-
ric bupivacaine was a useful agent and hypothesized that
the isobaric nature of the bupivacaine subarachnoid block
decreased the propensity for intraoperative hypotension (9).

Bich, stationed in a hospital in Hanoi, utilized epidural
anesthetics take care of his series of patients (10). He
reported excellent results after performing 1311 epidural
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anesthetics in trauma patients. He was able to maintain con-
sciousness in his patients, bypassing the need for intubation
and mechanical ventilation. If upper extremity surgery was
required, he would perform a brachial plexus block. In
those patients who required surgery involving a peduncu-
lated graft between the upper and lower extremities, he
would perform an epidural and an upper extremity block
on the same patient and keep the patient awake during the
procedure. One advantage of this combined technique is
the diminished concern about graft disruption during emer-
gence from anesthesia.

On September 11, 2001, following the terrorist attacks,
a number of patients arrived at the Hospital for Joint
Diseases for emergency surgery in New York City. Patients
who required upper or lower extremity surgery were
considered candidates for regional techniques. As the
casualties admitted to this hospital were restricted to isolated
orthopedic-only injuries, the analysis of risk versus benefit
for regional anesthesia was somewhat simplified. Regional
anesthesia procedures were performed as indicated in a
patient population that required emergency surgery.

DETERMINING APPROPRIATENESS OF REGIONAL
ANESTHESIA FOR TRAUMA

Selecting the appropriate anesthetic for various trauma
situations and patient conditions requires experience and
good judgment. The basic requirements for utilizing a
regional technique include the following: (i) the patient
must be stable from an airway, breathing, and circulation
perspective; (ii) the patient must be cooperative and lucid
and not intoxicated, agitated, or combative; (iii) the patient
must be free of significant coagulopathy or thrombocytope-
nia; (iv) the procedure should be relegated to an extremity
or, in very stable conditions, low abdomen/pelvis; and (v)
the patient should not have a high risk for pulmonary aspira-
tion (e.g., full stomach or history of severe reflux) (Table 1).
Note that the condition of “full stomach” is not listed in

Table 1, because all trauma patients are considered to have
this condition, and in most situations, the patient needs an
operation regardless of the fasting status. Patients that are
awake, oriented, sober, and hemodynamically stable can be
appropriate regional candidates. However, these patients
should be informed that they have a somewhat higher risk
of aspiration than if they had fasted at least eight hours
prior to trauma and surgery.

If the preoperative airway evaluation reveals major
risk factors for a DA, one must be circumspect about
choosing a regional technique. The primary concerns
include (i) the possible need to secure the airway emergently
if there is an unexpected reaction to the local anesthetic (e.g.,
a seizure) and (ii) the possible need to secure the airway
urgently during surgery (either because the patient
becomes unstable, the surgical time exceeds the length of
the block or the operative plan changes to involve unanesthe-
tized regions). Prior to embarking upon a regional technique,
the likelihood of occult injuries must be considered, as these
can lead to vital sign instability and may require rapid
conversion to general endotracheal anesthesia.

Trauma patients expected to have a DA are gen-
erally managed within the guidelines of the revised ASA DA
algorithm (11). However, emergency trauma airway consider-
ations can often require modifications to the ASA DA algor-
ithm (11). Factors such as full stomach, intoxicants, traumatic
airway anatomy derangement, and other, especially occult,
injuries such as pneumothorax, pericardial effusion, and
hemodynamically significant hemorrhage are far more
common in trauma patients. These factors dramatically limit
options for DA airway management, especially in the face of
sudden respiratory compromise. If the plan is to proceed
with a regional technique, adequate time must be available to
perform the block and ensure complete surgical anesthesia
prior to the commencement of the procedure.

Any patient with a known or anticipated DA who is
undergoing a regional technique should be aware of the
possibility of conversion to general anesthesia with awake
tracheal intubation if needed (Table 2), and the surgeons
must be amenable to stopping surgery to secure the airway

Table 1 General Indications and Contraindications for Regional Anesthesia in Trauma Patients

Indication for regional Patient condition Areas of injury Operative site Special considerations

Strongly indicated Airway normal

GCS 15

Breathing and

circulation normal

Isolated injury to distal

extremity

Distal extremity Consider catheter inser-

tion for analgesia,

especially for digit

reimplantation

Acceptable indication Airway normal

GCS 15

Breathing and

circulation normal

Isolated injury to elbow,

wrist, ankle, knee, or

proximal extremity

Elbow, wrist, ankle,

knee, or proximal

extremity

Repeat blocks post-op or

insert catheter for

prolonged analgesia

Not recommended Airway normal

GCS 15

Breathing and

circulation normal

Multiple trauma Multiple extremities,

high abdomen

Airway risks elevated in

the event of intra-

operative conversion

to general

Relatively

contraindicated

Airway difficult

GCS , 14

Breathing labored or

circulation unstable

Thoracic or head trauma Chest, head, with or

without abdomen and

extremities

Regional technique for

post-op pain must not

obscure neurological

exam when necessary

Note: Any of the following conditions render regional an inappropriate option: burn or infection over site of anesthetic injection, coagulopathy, significant

systemic derangement from the trauma (especially cardiopulmonary), psychiatric illness, drug/alcohol intoxication, combativeness.

Abbreviation: GCS, Glasgow Coma Scale.
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if necessary. Regional anesthesia is seldom a wise choice in
acute trauma patients with a DA presenting for emergency
surgery. Furthermore, the decision to proceed with a
regional anesthetic in a patient at risk for compartment
syndrome should be preceded by a detailed discussion
with the surgeons regarding the risks and benefits of the
planned regional technique.

TECHNIQUES FOR IDENTIFYING PERIPHERAL NERVES
FOR BLOCKADE

Peripheral nerve blocks can be accomplished using the
paresthesia technique, the use of a nerve stimulator, and an
insulated needle, identifying nearby structures (e.g., transar-
terial approach for axillary block) or with ultrasound guidance.
Although ultrasound-guided regional techniques are com-
monly employed at UCSD Medical Center, this is a relatively
new approach, and few centers have the expertise as of this
writing. Accordingly, ultrasound-guided techniques are
described in greater detail in the section “Eye to the Future.”

The advantage of using a nerve stimulator and insu-
lated needle for nerve localization is the objective evidence
of nerve proximity provided by an evoked motor response.
However, patients with acute painful limb injuries may not
tolerate the muscle contractions elicited by electrical nerve
stimulation without adequate sedation. If sedation must be
limited or withheld due to concerns about regurgitation or
aspiration, alternative techniques of nerve localization (ultra-
sound, surface and vascular landmarks, or paresthesia-
seeking) may be employed.

As a general rule, we prefer not to seek paresthesias
during the performance of peripheral nerve blockade for
fear of impaling the nerve. However, the paresthesia-
seeking technique was the standard method for nerve local-
ization prior to electrical stimulation, and some practitioners
still utilize this approach. We do recognize that paresthesias
sometimes occur inadvertently.

The goal of the nerve stimulator technique is to get as
close as possible to the nerve(s) to be blocked without actu-
ally contacting them with the needle tip. In general, this is
defined as obtaining a motor-evoked response or “twitch,”
at a stimulating current of 0.2 to 0.3 mA. A desired motor
response at a low level of current suggests close needle-to-
nerve proximity. The electrical stimulation strength versus
distance relationship is described by the inverse square
rule, which states that as the current source (emanating
from the conductive tip of the insulated needle) moves
away from a nerve, the amount of current required to
achieve the same degree of stimulation increases by the
square of the distance. Therefore, observing a twitch

response at high current does not discriminate between a
needle in close proximity to a nerve and one that may be
too distant to allow local anesthetic injected through it to
result in effective blockade (1,2,12,13).

Surface Electrical Stimulation for Nerve Localization
Certain nerves can be located without piercing the skin

by transcutaneous stimulation using a nerve stimulator
electrode located on the skin surface. This allows the
anesthesiologist to avoid multiple “searching” skin punctures
and be in the anatomical area of the nerves to be blocked at
the time of needle entry. Two examples of nerves or plexi
that can be located by this technique are the brachial plexus
in the axilla or neck and the femoral nerve in the groin. The
equipment needed for transcutaneous stimulation-assisted
nerve localization is much less expensive and physically
more compact than ultrasound (discussed subsequently),
and as such can be used in military settings where equipment
choices and quantities are less abundant.

Transcutaneous nerve localization is performed by
taking the inside of an echocardiogram (ECG) pad, which
is metal, and connecting it to the negative lead of the nerve
stimulator. The positive lead is connected to an ECG pad
and placed on the opposite side of the body. The nerve
stimulator is set to 5 mA and the metal component, which
is attached to the negative lead, is moved along the skin,
across the expected course of the nerve. The lead is intermit-
tently pressed lightly into the skin as a twitch response is
sought. Once an appropriate response is obtained, the area
is marked, and a map is created, which serves as a guide.
In the case of femoral, interscalene, and axillary blocks,
this mark represents the site of needle entry. If an infraclavi-
cular block is being performed, the point located by super-
ficial stimulation is the point toward which the needle is
directed, after insertion through the anterior chest (see
section “Infraclavicular Block”) (2,13–16).

Insulated Needle: Nerve Stimulator^Mediated
Nerve Localization
The technique for using an insulated needle combined with a
nerve stimulator for peripheral nerve blockade is as follows
(1,2,13). The negative lead is attached to the insulated
needle and the positive electrode to an ECG pad, which
should be placed on the opposite side of the body from the
nerve(s) to be blocked. Landmarks are identified, and the
skin is prepped using a suitable agent (such as a povidone–
iodine 10%). Although the needle shaft must remain sterile,
it is acceptable to wear clean but nonsterile gloves to
perform the block, thus allowing the operator to adjust the
nerve stimulator. The nerve stimulator is set to a “searching
current” of approximately 1.0 mA, and the needle is

Table 2 Use of Regional Anesthesia for Trauma Patients with Difficult Airways

Good idea Bad idea Rationale

Superficial extremity repair under RA:

cooperative, HD stable, sober patient

Major head, chest, or abdominal surgery

under RA: pt with altered sensorium

Risk of deterioration from injuries, local

anesthetic reaction

Can pause surgery to allow change to

general

Cannot pause during case Ability to start over with new plan

Good access to airway, have awake

intubation agreement, no sedation

Poor access to airway, no awake

intubation agreement, or

decreased MS

Ability to do awake intubation in the

middle of the operation

Abbreviations: HD, hemodynamic; MS, mental status; pt, patient; RA, regional anesthesia.
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advanced in the direction of the nerve(s) to be blocked. The
limb is simultaneously observed for the desired twitch
response. Once a response is obtained, the stimulating
current is decreased and the needle position adjusted
further until a twitch response is maintained at 0.2 to 0.3 mA.

If the twitch response is lost while moving the needle,
a twitch should be re-established by repositioning the needle
and temporarily increasing the current on the nerve stimu-
lator. It may be necessary to alter the angle and/or depth
of the needle to achieve an adequate twitch at 0.2- to
0.3-mA stimulating current.

Once the best twitch is obtained at the lowest milli-
amperes (0.2–0.3 mA), the syringe should be aspirated to
make certain the needle is not intravascular, then 2 mL of
local anesthetic is injected. The 2 mL of local anesthetic
will often abolish the twitch response. This is not an immedi-
ate local anesthetic effect; the needle and the nerve are in
such close proximity at this time that the 2 mL of local anes-
thetic pushes the nerve away slightly and acts as an insulator
between the nerve and needle. This is excellent confirmation
that the needle is in the proper position.

At this point (after abolishing the twitch, without
moving the needle), the remainder of the local anesthetic is
injected in 5 mL aliquots, aspirating after each injection to
minimize the risk of intravascular injection. Blocks should
not be performed in an unresponsive patient or under
general anesthesia, as this would eliminate the patient’s
ability to report severe paresthesias if the nerve were inad-
vertently impaled. Subsequent injection of local anesthetic
directly into the nerve bundle can cause permanent damage.

PERIPHERAL NERVE BLOCKS OF THE UPPER EXTREMITY
General Considerations and Brachial Plexus Anatomy
Successful regional blockade of the upper extremity
requires an understanding of brachial plexus anatomy and

the peripheral nerves that emerge distally to innervate the
various structures of the shoulder, upper arm, elbow,
forearm, wrist, and hand.

The brachial plexus is formed by the ventral rami of
C5–T1 and passes between the anterior and medial scalene
muscles (Fig. 1). After passing through the interscalene
groove, the nerve roots segregate into the superior, middle,
and inferior nerve trunks. More distally, fascicles from
these trunks recombine with one another and then divide
again into lateral, posterior and medial cords, so named
because of their relation to the brachial artery at this point
(Fig. 2). Further along, the cords branch again into the
various major peripheral nerves: the musculocutaneous
nerve (formed from the lateral cord), the axillary and
radial nerves (formed from the posterior cord), the median
(formed from the lateral and medial cords), and the ulnar
nerve (formed from the medial cord). The medial antebra-
chial cutaneous and medial brachial cutaneous nerves also
arise from the medial cord, just prior to where the ulnar
nerve emerges.

When performing upper extremity surgery, the inter-
scalene block can be used to provide anesthesia from the
shoulder down to the midshaft of the humerus. For
surgery on structures from the midshaft of the humerus dis-
tally, a supraclavicular or infraclavicular block can be used.
Alternatively, for procedures below the elbow, an axillary
block is appropriate, although a separate injection to block
the musculocutaneous nerve is often required, as it is
commonly spared during the placement of an axillary
block (Table 3).

A Bier block may be appropriate for soft tissue repair
of the lower arm, so long as the anticipated surgical time is
60 minutes or less. Bier blocks are relatively contraindicated,
however, when placement of the IV catheter is in close proxi-
mity to the site of trauma. Furthermore, unlike brachial
plexus blocks, Bier blocks will not provide prolonged
postoperative analgesia.

Figure 1 The roots, trunks, divisions, cords, and terminal branches of the brachial plexus formed by the ventral rami of the spinal

nerves from C5 to T1. Source: From Ref. 2.
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Interscalene Block
Clinical Applications
The interscalene block provides excellent surgical anesthesia
or postoperative analgesia for surgery on the shoulder
region and upper arm. Appropriate clinical indications
include isolated injury to one shoulder (e.g., hyperextension
injury, rotator cuff tear, or shoulder dislocation) or proximal
humerus fracture.

Side Effects/Complications
Ipsilateral phrenic nerve paralysis occurs in 100% of intersca-
lene blocks and results in complete diaphragmatic paralysis
on the side of the block for the duration of the anesthetic
(6). The interscalene block is contraindicated in
patients with cervical spinal cord injury where ventilation

is dependant solely upon diaphragmatic function and in
patients with significant trauma or baseline impairment to
the contralateral lung, chest wall, or diaphragm (including
those with end-stage emphysema). Ipsilateral blockade
of the vagus, recurrent laryngeal, and cervical sympathetic
nerves may also occur with interscalene block. Thus, it is
not uncommon to find a Horner’s syndrome after successful

blockade, potentially confusing the postoperative neurologi-
cal examination. Patients and family members are more
likely to complain about a hoarse voice or mild facial droop,
both of which resolve as the local anesthetic effect abates.

Other side effects and complications specific to the
interscalene block include intravascular injection of local
anesthetic into the vertebral artery and epidural or intrathe-
cal blockade. Nerve damage following interscalene block is
exceptionally uncommon when B-beveled needles are used
and when preblock sedation is minimized, although
case reports of such do exist in the literature (17). Pneu-
mothorax is rare with interscalene blockade, especially
when using a 1.5 in. or shorter needle in the proper orien-
tation. However, deep probing by those unaccustomed to
the technique or anatomy increases the risk.

Reports of local anesthetic injection directly into

the cervical spinal cord during interscalene blockade are
rare, but the consequences can be devastating (18). In
Benumof’s review of four such cases, each occurred when
needles of greater than 1.5 in. were used. Therefore, it is
strongly recommended that needles with a maximum
length of 1.5 in. be employed for this block. As with any
regional technique, blocks should not be performed on
patients under general anesthesia, and preblock sedation
should be minimized to reduce the risk of unrecognized
intraneural needle placement.

Technique: Method of Winnie
The anterior interscalene approach of Winnie will be
described (19). The important anatomical relationships are
the cricoid cartilage, the posterior border of the sternocleido-
mastoid (SCM) muscle, and the anterior and middle scalene
muscles (1,2,13).

The cricoid cartilage is palpated, and a line from this
point posteriorly along a skin crease crosses the posterior
border of the SCM (Fig. 3). This line typically crosses the
sixth cervical transverse process (Chassaignac’s tubercle).
The head is turned away from the side to be blocked, and
along this line, the fingers are rolled laterally from the pos-
terior border of the SCM muscle (which can be more easily
identified by having the patient flex the neck with the
head turned) to the groove between the SCM and the
anterior scalene muscle. The fingers are then moved more
laterally, along the marked line, to the groove between the
anterior and middle scalene muscles. The indentation
between these muscles is called the “interscalene groove”
and marks the location of the underlying brachial plexus
as it courses through the neck toward the subclavian artery.

Figure 2 Brachioplexus anatomy in neck, upper thorax,

shoulder to upper arm. Source: From Ref. 2.

Table 3 Upper Extremity Regional Anesthesia Techniques and Surgical Indications

Technique

Brachial plexus

level

Nerve(s) commonly

spared

Appropriate

surgical sites

Site-specific risks and

complications

Interscalene block Roots-trunks Inferior trunk (C8–T1)

gives rise to medial

cord and branches

(ulnar nerve)

Shoulder, proximal

humerus

Phrenic nerve block, recurrent

laryngeal nerve block,

Horner’s syndrome,

pneumothorax, intravascular

injection

Supraclavicular

block

Divisions None Distal humerus, elbow,

forearm, wrist, hand

Pneumothorax, intravascular

injection

Infraclavicular

block

Cords None Distal humerus, elbow,

forearm, wrist, hand

Pneumothorax, intravascular

injection

Axillary block Terminal branches Musculocutaneous Forearm, wrist, hand Intravascular injection
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The needle is placed in this spot after the area is
prepped with an appropriate solution (such as povidone–
iodine 10%). An insulated needle (e.g., a 24-gauge 1-in.
B-bevel) connected to extension tubing with a syringe of
local anesthetic is inserted through the skin and aimed
toward the (sternal) notch. An initial stimulating current of
1.0 mA is utilized until a twitch is obtained in the deltoid,
biceps, triceps, or forearm. The needle position is optimized
by seeking a maximal twitch as the nerve stimulator current
is decreased to less than 0.2 to 0.3 mA. As necessary, the
needle is advanced, withdrawn, or redirected until an ade-
quate twitch response is obtained.

A twitch response of the posterior shoulder or
trapezius (accessory nerve stimulation) indicates that the
needle is too posterior, and the needle tip should be redir-
ected slightly anteriorly. A diaphragmatic twitch (phrenic
nerve stimulation) indicates an anterior needle location as
the phrenic nerve lies on the anterior scalene muscle, and
the needle must be redirected posteriorly. After an accepta-
ble twitch is obtained, the syringe is aspirated and confirmed
negative for blood or cerebrospinal fluid (CSF), then the
volume of local anesthetic solution is injected incrementally
in the manner previously described.

A block of the superficial cervical plexus is often per-
formed in conjunction with an interscalene block, especially
when a posterior portal is anticipated for arthroscopic
shoulder surgery (1,2,13). Approximately 10 cc of local
anesthetic is injected superficially, along the posterior
border of the clavicular head of the SCM muscle. Care
should be taken to avoid intravascular injection, especially
when patients are in the sitting position and the superficial
veins are collapsed, making aspiration a less sensitive
marker. The external jugular vein is located in this area,
and intravascular injection is a real risk when performing
a superficial cervical plexus block. Superficial cervical
plexus blockade provides anesthesia over the superior and
posterior aspects of the shoulder in a “cape” distribution.

Infraclavicular Block
Clinical Applications
The infraclavicular nerve block is utilized for procedures
involving the upper extremity from the midshaft of the
humerus distally, including the forearm, wrist, and hand.
In the infraclavicular area, the brachial plexus contains
the median, ulnar, radial, and musculocutaneous nerves.
Blocking the brachial plexus at this level often obviates
the need for a separate block of the musculocutaneous
nerve (1,2,20).

An example of a clinical scenario in which an infracla-
vicular brachial plexus block would be an appropriate
modality is a 45-year-old construction worker who sustains
an isolated wrist fracture from a fallen concrete block. The
regional technique is made more attractive in situations
where the patient expresses a preference against general
anesthesia and when limited resources may strongly favor
alternatives to general anesthesia such as in the event of
mass casualties. Using a long-acting anesthetic agent will
provide swift pain relief and significant postoperative
analgesia for these patients.

Given the minimal impact on respiratory function, the
infraclavicular block can even be used in the presence of pre-
existing respiratory compromise (e.g., in a patient with rib
fractures or a pneumo- or hemo-thorax, so long as a chest
tube has been placed and is functioning properly). It is
prudent to bear in mind, however, that a rare complication
of the infraclavicular block is the creation of a pneumothorax
on the ipsilateral side. Therefore, in a patient with moderate
or severe respiratory distress, be prepared to treat any
decompensation in respiratory function.

Side Effects/Complications
In comparison to the supraclavicular approach, which

is not recommended in trauma patients due to a pneu-

mothorax rate of up to 6%, the infraclavicular approach
has a lower rate of pneumothorax. Clinically relevant
pneumothorax, while a very serious complication, is quite
rare, with an occurrence rate of less than 0.5% at the Hospital
for Joint Diseases when the classic technique of Raj is
employed. The use of the coracoid approach, described by
Wilson (21), has been simulated in studies utilizing magnetic
resonance imaging, predicting an even lower incidence of
pneumothorax compared to the classic Raj technique (22).

Raj Technique
Surface landmarks for the Infraclavicular Block, as described
by Raj (14), include the midpoint of the clavicle, the axillary
artery in the axilla, and the transverse process of C6
(Chaussaignac’s tubercle as shown in Fig. 4). If the axillary
artery cannot be palpated, the brachial plexus can be
identified in the axilla by superficial electrical stimulation
as described previously (1,2,13,14).

The patient is placed in the supine position on the
operating room (OR) table with the head facing away from
the side to be blocked. The anesthesiologist often stands at
the head of the table on the side opposite the extremity to
be blocked. The anesthesiologist’s nondominant hand is
placed in the axilla, while the other hand will be used to
advance the needle.

The arm is abducted to 908 if possible, and a point is
marked 2.5 cm below the midpoint of the clavicle, as
measured along a line perpendicular to the long axis of the
clavicle, that will be the insertion point for the needle
(Fig. 4). The location of the axillary artery in the axilla is

Figure 3 Anterior interscalene approach of Winnie to brachio-

plexis blockade. Hand position and needle insertion site for the

interscalene block are shown. A line is drawn from the cricoid

cartilage along a skin crease toward the interscalene groove. The

interscalene muscles run at an oblique angle posterior to the ster-

nocleidomastoid muscle. The external jugular vein often overlies

the interscalene groove. Source: From Ref. 49.
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marked. This is the point toward which the stimulating
needle is advanced.

The area is prepped with an appropriate solution
(such as povidone–iodine 10%), and a skin wheal is raised
at the needle insertion point. A 4-in. 21-gauge B-bevel
needle with extension tubing is attached to the negative elec-
trode, and the positive electrode is connected to an ECG pad
on the patient’s chest. The needle is advanced at a 458 angle
(measured relative to skin) toward the point identified in the
axilla with the nerve stimulator delivering 1.0 mA of current.

Contractions of the pectoralis muscle may be noted as
the needle passes through the muscle belly. Once the needle
is advanced close enough to the brachial plexus, muscle
twitches will be noted in the distribution of the median,
ulnar, radial, or musculocutaneous nerves. Forearm, wrist,
or hand muscle contractions are acceptable endpoint
twitches for this technique. A biceps twitch, which is
obtained in response to stimulation of the musculocutaneous
nerve is not an acceptable endpoint, because the musculocu-
taneous nerve departs proximally from the brachial plexus,
and thus may have already exited the brachial plexus
fascial sheath. Injection of local anesthetic in response to a
biceps twitch may therefore result in inadequate anesthesia
of the brachial plexus (20).

After an acceptable twitch is obtained at 0.2 to 0.3 mA,
the needle is aspirated and confirmed negative for blood,
then the total volume of local anesthetic solution is injected
incrementally in the manner previously described. Alterna-
tively, a catheter can be placed to provide a continuous peri-
neural infusion of local anesthetic.

Coracoid Technique
Evaluation of the Raj technique using magnetic resonance
imaging has shown lack of precision and the potential for
pneumothorax (22). An alternative technique for the
infraclavicular block has been described by Wilson et al.

(21) and is recommended in trauma patients, because it

has the lowest risk of pneumothorax. This method uti-
lizes the relationship of the coracoid process to the cords of
the brachial plexus (Fig. 5). The coracoid process is the
most anterior portion of the scapula and can be palpated
cephalad to the deltopectoral groove. After identification of
this surface landmark, a point is marked 2 cm medial and
2 cm inferior from the coracoid process. A needle is inserted
here using a “plumb-bob” approach (perpendicular to
the floor), and motor responses of the wrist or hand are
sought using a nerve stimulator. Wilson et al. (21) found
the average depth from skin to brachial plexus to be
4.24 + 1.49 cm in men and 4.01 +1.29 cm in women.

Axillary Block
Clinical Applications
The axillary brachial plexus block provides anesthesia of the
upper extremity from the elbow distally, including the
forearm, wrist, and hand. In the axillary area, the brachial
plexus contains the median, ulnar, and radial (but not the
musculocutaneous) nerves. Blocking the brachial plexus at
this level will not reliably anesthetize the musculocutaneous
nerve, so it is wise to inject into the coracobrachialis muscle
separately if anesthesia of either the musculocutaneous or
the lateral antebrachial cutaneous nerves is required
(1–3,13). As with the infraclavicular block above, an appro-
priate clinical setting to consider an axillary block is for
repair of a wrist fracture.

The axillary block can be performed with a nerve
stimulator, or, alternatively, via a transarterial or perivascu-
lar approach, obviating the need for specialized equipment
other than a B-bevel needle. The axillary block has

minimal impact on respiratory mechanics and will not
result in a pneumothorax, making it especially attractive
when respiratory status is impaired.

Side Effects/Complications
As with any nerve block technique, the risk of intra-
vascular injection is ever-present. However, the transarterial
approach utilizing deliberate needle puncture of the axillary

Figure 4 Infraclavicular approach of Raj to brachioplexus

blockade. Landmarks and needle insertion site for the

infraclavicular block (Raj technique) are shown. The axillary

artery is identified by palpation or surface electrical stimulation.

At a point 2.5 cm caudad from the midpoint of the clavicle,

the block needle is inserted at a 458 angle to skin aiming toward

the axillary artery. Source: From Ref. 2.

Figure 5 Infraclavicular approach of Wilson to brachioplexus

blockade. Anatomic landmarks important to the infraclavicular

block using the Wilson (coracoid) approach. The coracoid process

is identified caudad to the acromioclavicular joint. A point 2 cm

medial and 2 cm caudad from the tip of the coracoid process is the

site of needle insertion. When using a “plumb-bob” technique, the

needle should pass clear of the rib cage, minimizing the risk of

pneumothorax. Source: From Ref. 21.
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artery theoretically increases that risk. A hematoma can
result, rarely causing compression of the nerves at that level.

Technique
The first step is to determine the needle insertion point. Tra-
ditionally, this is done by palpating the axillary artery in the
proximal axilla. However, surface ultrasound, or superficial
transcutaneous stimulation at the skin surface can also be
used to identify the brachial plexus in the axilla.

In the case of transcutaneous stimulation, the stimu-
lator is set to deliver 5 mA stimuli, the positive lead is
attached to the chest ECG pad, and the negative lead
attached to a metal ECG snap that is pressed into the
axilla. The skin is marked at the point that elicits a brisk
twitch response in the wrist or hand. This is the location of
the plexus, and thus, the needle insertion point.

The axilla is then prepped with an appropriate
solution (such as povidone–iodine 10%). A 1-in. 24-gauge
B-bevel insulated needle with extension tubing is inserted
while delivering 1.0 mA stimuli (Fig. 6). After an acceptable
twitch is obtained at 0.2 to 0.3 mA, the needle is aspirated
and confirmed negative for blood, then the total volume of
local anesthetic solution is injected incrementally in the
manner previously described. The double-injection tech-
nique (using a peripheral nerve stimulator to elicit two
distinct motor responses with subsequent divided local
anesthetic injections) has been shown to provide superior
anesthesia compared to single injection with lower rates of
supplementation (23).

In the event that a transarterial approach is required,
i.e., no ultrasound or twitch monitor (as may occur in
military settings or other austere environments), the
axilla is similarly prepped. A short, small gauge (e.g., 1-in.,
24-gauge) B-bevel needle attached via extension tubing to
a 20 mL syringe is then inserted directly toward the axillary
artery while maintaining firm distal pressure to encourage
proximal spread of the local anesthetic. When arterial
blood pulses into the tubing, the needle is advanced
further until it exits through the back wall of the artery

and pulsations cease. After aspiration (to confirm that the
tip is no longer intravascular), 20 to 30 mL of local anesthetic
is injected in this position (deep to the artery) in 5 mL ali-
quots, alternating with negative aspiration. The needle is
then slowly withdrawn until the tip re-enters the artery
(and pulsations return); then the pulsations cease as the
needle leaves the artery once more, at which point the
needle is held steady. Negative aspiration is confirmed
once more, and the remainder (either 10 or 20 mL) of a
total of 40 mL of local anesthetic is injected in this area
(superficial to the artery).

In any approach to the axillary block, it is desirable to
anesthetize the musculocutaneous nerve as well. The same
B-bevel needle employed above can be used to inject 5 to
10 mL of local anesthetic into the belly of the coracobra-
chialis muscle. When this step is planned, be sure to
extend the iodine prep to encompass this injection site.

Given the favorable safety profile (specifically with
respect to pneumothorax) of this block compared to the
infraclavicular approach and the fact that postoperative
patients have no requirement for tourniquet site anesthesia,
the axillary block is particularly propitious for providing
analgesia in the postanesthesia care unit (PACU). Patients
who receive general or Bier block anesthesia often make
excellent candidates for PACU axillary blockade.

Elbow and Wrist Blocks
Peripheral nerve blocks of the terminal branches of the bra-
chial plexus can be performed at the elbow or wrist with the
assistance of electrical stimulation or as infiltration tech-
niques. Individual blockade of the median, ulnar, and
radial nerves may be used to supplement brachial plexus
blocks or may be used alone to provide surgical anesthesia
for procedures of the distal upper extremity.

Elbow Blocks
Nerve blockade at the elbow can anesthetize the median,

radial, ulnar, and lateral antebracheal cutaneous nerves.
The median and radial nerves may be blocked anteriorly at
this level (Fig. 7). First, identify the intercondylar line at
the elbow crease between the lateral and medial epicondyles
of the humerus. The median nerve lies medial to the brachial
artery and can be sought using a surface ultrasound or using
a nerve stimulator attached to a 1-in. insulated needle.

Using the nerve stimulator, the needle is inserted per-
pendicular to skin with the nerve stimulator emitting an
initial current of 1 mA and directed toward the medial epi-
condyle. After eliciting an appropriate motor response
(wrist flexion with opposition of the thumb) at ,0.5 mA, 3
to 5 mL of local anesthetic solution should be injected.

The radial nerve is located up to 2 cm lateral to the
biceps tendon. A 1-in. needle is inserted perpendicular to
skin at this point and aimed toward the lateral epicondyle.
With the aid of electrical stimulation, radial nerve motor
responses (wrist or finger extension) should be evoked
prior to injecting 3 to 5 mL of local anesthetic. Median and
radial nerve blockades may also be performed without a
nerve stimulator by local anesthetic infiltration using ana-
tomic landmarks. The lateral antebrachial cutaneous nerve
(termination of the musculocutaneous nerve) may be
blocked by a superficial injection of local anesthetic immedi-
ately lateral to the biceps tendon to anesthetize the skin over
the lateral forearm.

The ulnar nerve can be blocked posteriorly at the
elbow (Fig. 8) with the patient supine and the elbow flexed

Figure 6 Axillary block technique. The site for needle

insertion is determined by palpating the axillary artery in the

proximal axilla or by surface electrical stimulation. Upon

eliciting motor responses from the median, musculocutaneous,

ulnar, or radial nerves, local anesthetic may be injected

incrementally. Alternatively, the axillary block may be performed

using a transarterial approach or perivascular fan technique.

Source: From Ref. 2.
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at a point 2 to 4 cm proximal to the medial epicondyle with
a nerve stimulator or by infiltration using only landmarks.

Attempting ulnar nerve blockade by inserting the
needle directly into the ulnar groove is not recommended

due to the potential risk of intraneural injection or nerve

compression related to the superficial location of the ulnar
nerve.

Wrist Blocks
Blockade of the median, radial, and ulnar nerves may be
accomplished at the wrist for surgical procedures of the
hand. Wrist blocks are reliably performed as infiltration tech-
niques, which obviates the need for special equipment such
as a nerve stimulator. The median nerve (Fig. 9) is typically
blocked between the tendons of flexor carpi radialis (FCR)
and palmaris longus, or medial to the FCR tendon in patients
who have congenital absence of the palmaris longus.

The ulnar nerve and artery are found between the
tendon of flexor carpi ulnaris and the ulna, and block of
the ulnar nerve can be performed either volar or lateral
(Fig. 8). The radial nerve divides into the superficial and
deep branches approximately two to three fingerbreadths
proximal from the distal wrist crease (or anatomic snuff
box). The radial nerve is anesthetized by depositing 5 to
8 mL of local anesthetic in the subcutaneous tissues along
the radial side of the wrist approximately three finger-
breadths proximal to the distal wrist crease (being careful
to avoid veins). Additional subcutaneous infiltration can
be applied along the dorsum of the distal radius to block
the superficial branch of the radial nerve; alternatively, 3 to
5 mL of local can be carefully applied into the subcutaneous
tissues of the anatomic snuff box, where the superficial
branch of the radial nerve can be palpated, taking care not

Figure 8 Ulnar nerve block at the elbow. With the patient supine,

with the arm raised forward 908 and the elbow flexed 908, the local

anesthetic is injected 2 to 4 cm proximal to the ulnar groove

formed by the olecranon and the medial epicondyle of the humerus.

As the ulnar nerve is superficial at this level, care should be taken

to avoid impaling the nerve. Source: From Ref. 49.

Figure 7 Block of the radial and median nerves at the elbow.

At the level of the intercondylar line, the median nerve can be

blocked medial to the brachial artery while the radial nerve can

be blocked 2 cm lateral to the biceps tendon. Elbow blocks may be

performed with the aid of electrical stimulation or as infiltration

techniques. Source: From Ref. 49.

Figure 9 Block of the median and ulnar nerves at the wrist. The

median nerve is located medial to the tendon of flexor carpi radialis

(FCR) and may be blocked proximal to the flexor retinaculum

between the tendons of FCR and palmaris longus. The ulnar nerve

may be blocked by injecting local anesthetic between the tendon of

flexor carpi ulnaris and the ulna, using a volar or lateral approach.

Source: From Ref. 49.
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to inject blood vessels and not to directly impale the nerve.
Wrist blocks may be suitable for repair of tendon lacerations
or carpal tunnel release (24) and have been successfully used
to provide analgesia for metacarpal fractures (25).

Intravenous Regional Anesthesia (Bier Block)
Clinical Applications
Intravenous regional anesthesia is remarkably simple to
perform, requiring only a small gauge IV catheter and
either a dual-bladder tourniquet or two independent,
narrow cuffs placed on the upper arm or leg. They can be
used for almost any procedure of the distal extremity so
long as the procedure is not expected to last more than
about one hour. The major drawbacks to the Bier block
are (i) short duration of blockade, (ii) marginal tourniquet
analgesia, and (iii ) the anesthetic effect terminates shortly
after tourniquet deflation. If the surgeon needs to
extend the procedure or decides to re-explore the surgical
site, an alternative anesthetic technique will likely be
required. Furthermore, even if the surgical site anesthetic
effect of the block is adequate after one hour, the patient is
likely to experience significant tourniquet pain, which may
necessitate increasing the depth of sedation or conversion
to general anesthesia.

A Bier block is most appropriate in patients with
smaller, superficial soft tissue lesions. The planned pro-
cedure must also be clean (noncontaminated), and the total
planned operative time should be no longer than 60
minutes. An example of a suitable surgical procedure is
carpal tunnel release or repair of a simple, clean, fresh lacera-
tion to the dorsum of the hand and wrist with absence of
neurovascular or tendon injury that would require longer
operative time.

Side Effects/Complications
Unlike every other block discussed, the Bier block requires
intravascular injection of local anesthetic. As a result, if the
tourniquet is deflated prematurely (when using 0.5% lido-
caine, this means less than 20 minutes following injection),
systemic toxicity may be observed, ranging from tinnitus
to seizures. Do not use epinephrine or preservative
with the local anesthetic, as this can result in significant
ischemic damage to the extremity. Allergic reaction is rare
as preservative-free formulations are used for this block.
Nerve damage should not occur as a result of this technique
as the injection is not perineural.

Technique
A small size IV (22-gauge is adequate) is placed as distally
as possible in the extremity to be anesthetized. Appropriate
tourniquets are applied proximally, then the limb is
exsanguinated by elevating the extremity and wrapping it
with an elastic Esmarch bandage or by elevation and
compression of the arterial inflow. At this point, the distal
tourniquet is inflated to complete the exsanguination
followed by proximal tourniquet inflation to a level approxi-
mately 100 mmHg greater than the systolic pressure or to
250 mmHg for arm tourniquets, or 350 mmHg for leg tourni-
quets, whichever is lower. The distal tourniquet is then
deflated to allow local anesthetic spread in that portion of
the limb while leaving the proximal tourniquet inflated.

About 40 to 50 mL of 0.5% preservative-free lidocaine
(maximal dose 5 mg/kg) is then injected into the IV. In some
cases, occluding the veins by grasping the limb just proximal

to the surgical site can intensify the local anesthetic blockade
in the area to be operated upon. The IV is then removed, and
the local anesthetic begins to diffuse. Block onset is marked
by transient burning, followed by “pins and needles”
paresthesias. At the onset of tourniquet pain, the distal tour-
niquet can be inflated (this must be done first) and confirmed
to be working, then the proximal tourniquet should be
deflated, thus shifting the tourniquet compression to an
anesthetized area. Obviously, care must be taken to ensure
the proper order of cuff inflation and deflation. Otherwise,
a large volume of local anesthetic might quickly become
systemic.

At any time after 20 minutes when surgery is com-
plete, the cuff can be deflated in order to terminate the anes-
thetic effect. There is insufficient evidence to support the
theory that sequential deflation and inflation of the cuff
will lessen the systemic effects from local anesthetic at the
end of the case (26).

PERIPHERAL NERVE BLOCKS OF THE LOWER EXTREMITY

Peripheral nerve blocks are less frequently employed for the
lower extremity. This is partly due to the widespread use of
spinal and epidural anesthesia for elective lower extremity
procedures, and partly because surgical anesthesia of one
leg by regional technique usually requires more than one injec-
tion. However, in trauma patients, these blocks may be par-
ticularly attractive, because they do not anesthetize the
sympathetic chain, and thus cause far less hypotension than
their neuraxial counterparts. Because the use of spinal and epi-
dural anesthesia is widely practiced and the relative merits
were previously discussed in the introduction, this section
will only describe the peripheral regional block techniques
of the lower extremity that can be used for trauma patients.
These include the femoral nerve, lateral femoral cutaneous
nerve, sciatic nerve, fascia iliaca, and ankle blocks (Table 4).

General Considerations and Anatomy
The nerves innervating the thigh and lower leg originate
from the lumbosacral plexus, spanning nerve roots L1
through S3. Although the majority of the motor and
sensory fibers are found in the femoral and sciatic nerves,
the more proximally originating obturator and lateral
femoral cutaneous nerves may also need to be anesthetized
for total lower limb anesthesia and specific indications. For-
tunately, as these two proximal nerves briefly share a
common sheath with the femoral nerve, anesthesia of all
three may be achieved with one anterior injection in the
classic “3-in-1 block,” as originally described by Winnie
(27). However, blockade of the obturator nerve by the
classic 3-in-1 has been shown to occur only 4% of the time
in one study (28). Magnetic resonance imaging of local anes-
thetic distribution after 3-in-1 block demonstrated lateral
and slightly medial spread but no cephalad spread as pre-
viously theorized (29).

Surgical approaches confined strictly to the thigh,
such as skin grafting, soft tissue injuries, and certain
sliding hip screws, may only involve structures innervated

by the femoral, obturator, and lateral femoral cutaneous
nerves. Block of the femoral nerve can provide significant
perioperative analgesia even in the absence of sciatic block-
ade. Placing femoral nerve blocks in the emergency depart-
ment (ED) or in the OR (on the gurney) prior to moving a
patient to the surgical table can dramatically decrease pain
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experienced by the patient. In addition, a well-functioning
regional anesthetic can minimize the need for perioperative
opioids and maximize mobility after surgery compared to
neuraxial blockade.

However, as the knee and the lower leg are innervated
by both the femoral and sciatic nerves, any procedure that
involves the knee or distal structures will require anesthetiz-
ing both nerves. Several approaches to the sciatic nerve have
been described, but its location posterior to the femur makes
sciatic nerve blockade somewhat challenging in the trauma
patient. The classic procedure for this block requires lateral
positioning, which may be painful or difficult. Other tech-
niques, including the infragluteal, popliteal fossa, or anterior
approaches, may be more appropriate depending on the
mobility of the patient.

Femoral Nerve Block
Clinical Applications
Femoral nerve blockade anesthetizes the anterior portion of
the thigh, a portion of the knee joint and the medial aspect of
the leg, as well as the femur itself (1–3,13). The femoral
nerve is usually blocked in combination with other nerves
and may be used as an adjunct to general anesthesia for post-
operative pain relief. Surgical approaches to the knee often
require blockade of the obturator and sciatic nerves, as
noted above. For analgesia following total knee replacement
(TKR), femoral nerve block has been used but does not
provide complete analgesia (30). Indeed, Macalou et al.
(30) recently demonstrated that addition of an obturator
nerve block to femoral nerve block provided far more
satisfactory analgesia following TKR.

Side Effects/Complications
Arterial puncture is possible due to the close proximity of
the femoral nerve to the femoral artery. The femoral nerve
is large and superficial at the inguinal crease and may be
inadvertently impaled with needle insertion, so care
should be taken during the performance of this block.

Technique
The important landmarks are the inguinal ligament, inguinal
crease, and the femoral artery (1–3,13). (Note: When
performing this block in patients with fractures, be careful
not to have the nerve stimulator current set too high, as

quadriceps muscle contraction can be very painful.) With
the patient in the supine position, the inguinal ligament
and crease are identified. The femoral artery is located at
approximately the midpoint of the inguinal ligament.

The positive electrode of the nerve stimulator is
connected to an ECG pad on the patient and a 24-gauge
1-in. B-bevel with extension tubing is attached to the
negative lead. Adequate skin preparation is then achieved
(e.g., with povidone–iodine 10%). The needle insertion
point is either the location defined by the maximal response
to superficial skin stimulation or the area just lateral to the
femoral artery pulsation at the level of the inguinal crease
(Fig. 10) (31). The nerve stimulator is set to deliver a stimulus
of 1.0 mA, and the needle is advanced and redirected as
necessary to achieve a twitch of the quadriceps muscle and
patella. As the nerve usually lies only 1 cm below the skin,
twitches are usually obtained quickly. After an acceptable
twitch is obtained at 0.2 to 0.3 mA, the needle is aspirated
and confirmed negative for blood, and then the total
volume of local anesthetic solution is injected incrementally
in the manner previously described.

Table 4 Lower Extremity Regional Anesthesia Techniques and Surgical Indications

Technique Motor block Sensory block Appropriate surgical sites Site-specific risks

Femoral nerve

block

Quadriceps Anterior thigh and knee, medial

aspect of lower leg (saphenous

nerve)

Knee Intravascular injection

LFC None Lateral aspect of thigh Lateral thigh skin graft

harvest

Minimal

Fascia iliaca Quadriceps Anterior thigh and knee, medial

aspect of lower leg (saphenous

nerve), lateral aspect of thigh

Knee and lateral thigh Minimal

Sciatic Hamstrings, all

muscles below

the knee

Posterior thigh, all of lower leg

and foot except saphenous

distribution

Knee (with femoral),

ankle, foot (may need

saphenous nerve block)

Intravascular injection

Ankle None All of foot (5 terminal nerves) Foot and toes Minimal

Abbreviation: LFC, lateral femoral cutaneous.

Figure 10 Branches of the lumbar plexus—locating the femoral,

obturator, and lateral femoral cutaneous nerves. The femoral nerve

is most commonly identified immediately lateral to the femoral

artery at the level of the inguinal crease. The obturator nerve

typically runs medial to the femoral vessels to innervate the

adductor muscles of the thigh. The lateral femoral cutaneous nerve

is superficial and passes under the inguinal ligament medial to the

anterior superior iliac spine. Source: From Ref. 2.
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Lateral Femoral Cutaneous Nerve Block
Clinical Applications
The lateral femoral cutaneous nerve block anesthetizes the
lateral aspect of the thigh from hip to midthigh (2,13). This
block is useful for split thickness skin graft harvesting and
in concert with other lower extremity nerve blocks to
achieve complete lower extremity anesthesia. Although the
classic 3-in-1 femoral nerve block frequently anesthetizes
this nerve as well, it is not uncommon to require periopera-
tive supplementation of the lateral femoral cutaneous block
with a separate injection. If a lateral incision is anticipated,
such as for a dynamic hip screw, it is wise to verify adequate
anesthesia preoperatively. Similarly, if this is to be the sole
anesthetic for a skin graft, consider mapping out the anesthe-
tized area, using a marker prior to surgical prepping so that
the surgeon can constrain the incision to the proper region.

Side Effects/Complications
There are no large vessels located in the immediate proxi-
mity of the lateral femoral cutaneous nerve. Accordingly,
intravascular injection should not occur as a complication.
This is an extremely safe block to perform and one of the
very few that can be cautiously accomplished in the anesthe-
tized patient.

Technique
The most important surface landmark for this block is the
anterior superior iliac spine (ASIS). A point is marked
2.5 cm medial and 2.5 cm inferior to the ASIS. After adequate
prep, a 3-in. needle is passed in a superior and lateral direc-
tion from the point toward the ASIS (Fig. 9). A fanwise
injection of local anesthetic (5–15 mL) is then injected into
the area.

Fascia Iliaca Block
Clinical Applications
The fascia iliaca block anesthetizes the femoral nerve and the
lateral femoral cutaneous nerve by depositing local anes-
thetic between the two nerves, deep to the plane of the
fascia iliaca. The benefit of the fascia iliaca approach over
the 3-in-1 block is that the needle direction is away from
major neurovascular structures, and the final position of
the needle tip rests between two relatively avascular tissue
planes (Fig. 11). As a result, this block can be cautiously per-
formed on anesthetized patients, allowing a smoother emer-
gence from general or neuraxial anesthesia. In addition, a
nerve stimulator is not utilized, so painful muscle contrac-
tions in the acute trauma patient can be avoided.

Side Effects/Complications
Intravascular injection is always a theoretical concern but
has not yet been reported in association with this block.
Despite this favorable safety profile, the prudent practitioner
will aspirate after 5 mL aliquots during injection. Studies
have not shown direct nerve injury to be a significant risk.

Technique
The fascia iliaca block is performed without the use of
a nerve stimulator (32). Landmarks for this block include
the inguinal ligament, the ASIS, and the pubic tubercle
(Fig. 11).

With the patient in the supine position, the inguinal
ligament is identified and divided into thirds. A point is
identified 2 to 3 cm below the junction of the middle and
lateral thirds of this line, and after adequate prep and
drape, a skin wheal is raised at this point. A sharp, 18-
gauge needle is used to puncture the skin, then a blunt-tip
spinal needle (e.g., 22-gauge 3.5-in. pencil-point) is advanced
through this skin nick at a 458 angle to the skin in a cephalad
direction.

As the spinal needle is advanced, two distinct “pops”
will be felt: the first pop occurs as the needle passes through
the fascia lata. A second, but less distinct, pop is felt as the
needle passes through the deeper fascia iliaca.

After the second pop is felt, the needle is advanced
another 0.5 cm, and after negative aspiration, 30 to 40 mL
of local anesthetic is injected in 5 mL aliquots with alternat-
ing negative aspirations.

Sciatic Nerve Blocks
Clinical Applications
Sciatic nerve blockade anesthetizes the posterior aspect of
the thigh, a portion of the knee joint, and the lower leg
and foot, except for the area innervated by the saphenous
nerve. Anesthesia of the sciatic nerve is required for
surgery on the knee, lower leg, ankle, and foot. Note that
the saphenous nerve innervates the medial aspect of the
leg and foot down to the medial malleolus. Therefore, a sep-
arate block of the saphenous nerve may be required. Mul-
tiple approaches have been described, including the classic
technique of labat, infragluteal, popliteal fossa (posterior or
lateral), and anterior approach (33).

Figure 11 Fascia iliaca block technique. At a point 2 to 3 cm

caudad to the lateral third of the inguinal ligament, a pencil-point

spinal needle is inserted at a 458 angle to skin, aiming cephalad.

Two distinct pops will be felt, as the needle passes through the

fascia lata and the fascia iliaca. Local anesthetic injected into this

fascial plane effectively blocks the femoral and lateral femoral

cutaneous nerves. Source: From Ref. 32.
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Side Effects/Complications
The sciatic nerve is located deep within the posterior aspect
of the thigh and its approach requires the needle to traverse a
significant amount of muscle, which may cause discomfort
to the patient. Hematoma formation and resultant nerve
injury have been reported, and it has been suggested that
anesthesia of this nerve may mask compartment syndrome
of the leg. Lower extremity vasodilation will occur with
this block, resulting in hypotension in hypovolemic patients,
although to a lesser extent than with neuraxial anesthesia.
The nerve is at risk for needle-induced injury because of
its size and depth, so patients should be awake or only
slightly sedated during the block. Due to the relatively
poor vascularization of this nerve, local anesthetic effects
can be significantly prolonged when compared to the
length of action of the same agents in other locations.

Techniques
Classic Approach
In order to perform the “classic approach” to the sciatic nerve
block, the patient must be positioned on the side with the leg
to be blocked in the nondependent position. The greater tro-
chanter of the femur and the posterior superior iliac spine
are identified, and a line is drawn between these two
points. A 5-cm perpendicular line is drawn, starting at the

midpoint of this line aiming medially (Fig. 12). A 4-in. insu-
lated needle is inserted at this point perpendicular to the
skin in all planes with an initial stimulating current of
1 mA. If bone is contacted, this most often is the ischial tuber-
osity, and the needle should be redirected more laterally at
approximately the same depth. After an acceptable twitch is
obtained at 0.2 to 0.3 mA, the needle is aspirated and con-
firmed negative for blood, and then the total volume of
local anesthetic solution is injected incrementally in the
manner previously described.

In the case of combined sciatic and femoral nerve
blocks, be aware of the total volume and dosage of local
anesthetic solution being delivered.

Infragluteal Flexed Hip Approach
Important anatomical landmarks are the greater trochanter
of the femur and the ischial tuberosity (1–3,13). The
patient is placed on the OR table in the supine position.
The thigh is placed in a “90–908 position,” so that both the
thigh and knee are flexed 908 (Fig. 13). The leg can be sup-
ported by a foot rest or Mayo stand.

The area between the ischial tuberosity and the greater
trochanter is prepped and a 4-in. insulated needle is passed
into the posterior thigh parallel to the table at a point that is
slightly medial to the midpoint between the two landmarks.
With the nerve stimulator initially set at 1 mA, the needle is
advanced. Initially, twitches of the gluteal muscle may be
noted but should cease as the needle is advanced further.
After an acceptable twitch of the ankle or foot is obtained
at 0.2 to 0.3 mA and the needle is aspirated and confirmed
negative for blood, then the total volume of local anesthetic
solution is injected incrementally in the manner previously
described.

Figure 13 Infragluteal flexed hip approach to the sciatic nerve

block. In a supine patient with the hip and knee both flexed at 908,
the greater trochanter of the femur and the ischial tuberosity are

identified. At a point slightly medial to the midpoint of a line

connecting these bony landmarks, the needle is inserted parallel to

the table. The sciatic nerve is typically contacted deep to the

gluteal muscles in this location. Source: From Ref. 2.

Figure 12 The classic sciatic nerve block (labat technique). A

line is drawn from the posterior superior iliac spine to the greater

trochanter of the femur, which is bisected by a 5-cm perpendicular

line. The end of this line represents the site of needle insertion.

Alternatively, a line may be drawn from the greater trochanter to

the sacral hiatus, and the sciatic nerve should cross this line at

its midpoint. Note that the sciatic nerve typically runs between

the ischial tuberosity and the lesser trochanter of the femur.

Source: From Ref. 50, pp. 98–99.
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Popliteal Fossa Approach
For patients with isolated ankle or foot injuries and who are
mobile enough to safely position themselves prone, the pos-
terior popliteal fossa approach is an effective technique for
sciatic nerve blockade. The distal location of this block pre-
serves the sciatic innervation of the hamstring muscles,
making it easier for the patient to flex the knee for crutch-
walking.

The borders of the popliteal fossa are formed medially
by the semimembranosus and semitendinosus muscles, and
laterally by the biceps femoris (Fig. 14). The popliteal crease
is identified by flexing the knee, and a perpendicular 5-cm
line is drawn from the midpoint of the crease toward the
buttock. At a point 1 cm lateral to the top of this line, a
4-in. insulated needle is inserted at a 458 angle to skin
aiming cephalad with an initial stimulating current of 1 mA.

Alternatively, the popliteal fossa block of the sciatic
nerve may be performed laterally with the patient maintain-
ing the supine position. An 8- to 10-in. line is drawn cepha-
lad along the lateral thigh from the popliteal crease. At the
top of the line, a 4-in. insulated needle is inserted parallel
to the floor aiming medially with an initial stimulating
current of 1 mA. Upon contact with the femur, the needle
is redirected posteriorly toward the sciatic nerve.

After an acceptable twitch of the ankle or foot is
obtained at 0.2 to 0.3 mA and the needle is aspirated and
confirmed negative for blood, then the total volume of
local anesthetic solution is injected incrementally in the
manner previously described. An anatomic study of the
popliteal fossa demonstrated a more proximal division
of the sciatic nerve into two major peripheral nerve

branches, the tibial and common peroneal, more than
5 cm above the crease in the majority of cadavers (34).
Recognizing this anatomic bifurcation, many practitioners
prefer to perform this block as a double-injection technique,
specifically identifying the motor responses of the tibial and
peroneal branches individually with separate local anes-
thetic injections.

Anterior Approach
In situations where trauma, traction, or other conditions make
it difficult to flex the lower extremity or move the patient from
the supine position, the anterior approach to the sciatic nerve
may be chosen (28). Important landmarks are the ASIS and
the pubic tubercle. With the patient on the OR table in the
supine position, a line is drawn along the inguinal ligament
from the ASIS to the pubic tubercle and is divided into
thirds (Fig. 15). A line parallel to this first line is drawn
through the greater trochanter. A perpendicular line is
drawn from the first line to the second originating from the
junction of the medial and middle thirds of the first line.
This is the point of needle insertion. After sterile prep and
drape, a 5- or 6-in. insulated needle is passed perpendicular
to the floor through the thigh at the designated point.

Figure 14 Anatomy of the popliteal fossa relevant to sciatic

nerve blockade. The popliteal fossa is bounded laterally by the

biceps femoris and medially by the semimembranosus and

semitendinosus muscles. The popliteal crease is identified, and

a perpendicular line is drawn 5 cm from the midpoint of the

crease. The needle is inserted at a point 1 cm lateral from the

top of the line and aimed cephalad with a 458 angle to skin.

Source: From Ref. 50.

Figure 15 Anterior approach to the sciatic nerve block. In the

supine patient, the inguinal ligament is traced between the pubic

tubercle and anterior superior iliac spine and divided into thirds.

A parallel line is drawn through the greater trochanter of the femur.

A perpendicular intersecting line is drawn from the point between

the medial and middle thirds of the first line connecting with the

second line. At this point, a needle inserted plumb-bob should pass

through the thigh medial to the lesser trochanter to contact the

sciatic nerve. Source: From Ref. 2.
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The nerve stimulator is set at 1 mA. As the needle is
advanced, it may encounter the lesser trochanter. If this
occurs, the needle is withdrawn, redirected slightly medi-
ally, and “walked off” until it passes beyond the lesser
trochanter. The sciatic nerve may be encountered at 9.5 to
13.5 cm in depth (35). After an acceptable twitch of the
ankle or foot is obtained at 0.2 to 0.3 mA and the needle is
aspirated and confirmed negative for blood, then the total
volume of local anesthetic solution is injected incrementally
in the manner previously described.

Ankle Block
Clinical Applications
The ankle block is useful for procedures involving the
midfoot and digits. It has been used following foot trauma,
including metartarsal fracture dislocations (36). Four of the
five peripheral nerves that innervate the foot are branches
of the sciatic nerve: posterior tibial, sural, deep peroneal,
and superficial peroneal. The saphenous nerve, the terminal
branch of the femoral nerve, travels with the saphenous
vein, anterior to the medial malleolus at the ankle. Therefore,
if an approach to the sciatic nerve is chosen for foot surgery,
the saphenous must be blocked with a separate injection to
complete the anesthetic.

In the traditional ankle block, the nerves are anesthe-
tized at the level of the ankle joint. The result is dense
anesthesia of the metatarsals, toes, and the plantar aspect
of the foot. Some patients will tolerate an elastic bandage
tourniquet at the level of the ankle, with or without sedation;
but, calf or thigh tourniquets can be troublesome. Sciatic
anesthesia at the level of the popliteal fossa can allow for a
distal calf tourniquet, although the medial aspect of the
calf, innervated by the saphenous nerve, is still spared.

Therefore, in patients in whom sedation is contraindi-
cated (at high risk for regurgitation and aspiration), the
ankle block may not be the optimal choice if a tourniquet
is required. However, for postoperative pain relief, it is
exceptionally effective and long-lasting, especially when
bupivacaine or ropivacaine is used. Placing the block prior
to a general anesthetic will reduce anesthetic requirements
and will significantly improve the quality of recovery.

Side Effects/Complications
Significant intravascular injection is extremely rare given the
fact that the block is performed using multiple injections in
various sites compared to other nerve block techniques
that utilize large volumes of injectate in a single location.
Patients may safely ambulate with a hard walking shoe, fol-
lowing an ankle block, as the tendons that are responsible for
motor function originate proximal to the site of local anes-
thetic injection.

Technique
There are several approaches to performing an ankle block,
but most result in a near-complete ring of local anesthetic
around the ankle from behind the medial malleolus, across
the dorsum, to behind the lateral malleolus (Figs. 16A
and B). Carefully chosen injection sites based on surface
landmarks can minimize painful needle sticks, so a
planned approach is still prudent. Also, although the block
can be performed successfully without a nerve stimulator,
we feel that by identifying the tibial nerve by its character-
istic twitch of the big toe, the success rate for this block
can be maximized.

The local anesthetic for the ankle block must not contain
epinephrine, as this can occasionally cause severe vasocon-
striction and tissue necrosis. Prepare two 10 mL syringes
and one 5 mL syringe with the appropriate local anesthetic
mixture. Attach 25-gauge 1.5-in. needles to the 10 mL syr-
inges and a 24-gauge 1-in. insulated nerve stimulator needle
to the 5 mL syringe. Elevate the ankle by supporting the calf
on a stand, then prepare the skin on the ankle with an
appropriate solution (e.g., povidone–iodine 10%).

Figure 16 (A) The ankle block technique. The posterior tibial

nerve is located between the medial malleolus and the Achilles

tendon immediately posterior to the posterior tibial artery. The

sural nerve runs subcutaneously between the lateral malleolus

and the Achilles tendon. A cross-section through the ankle

demonstrates the position of the five individual nerves relative

to the malleoli, tendons, and arteries. (B) Dorsal anatomy of the

ankle relevant to the ankle block technique. The saphenous nerve

runs with the saphenous vein anterior to the medial malleolus and

can be blocked by subcutaneous infiltration. The deep peroneal

nerve is located deep to the tendon of extensor hallucis longus and

the anterior tibial artery. Branches of the superficial peroneal nerve

can be blocked by subcutaneous infiltration of local anesthetic

anterior to the lateral malleolus. Source: From Ref. 2.
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Set the nerve stimulator to a 1.0-mA stimulus and
insert the stimulator needle into the ankle just posterior to
the tibial artery. Adjust the needle position until the move-
ment (either dorsiflextion or plantarflexion) of the big toe
is observed. After an acceptable twitch is obtained at 0.2 to
0.3 mA and the needle is aspirated and confirmed negative
for blood, then 5 mL of local anesthetic solution is injected.
Alternatively, the posterior tibial nerve block can be per-
formed without electrical stimulation. Palpating the tibial
artery pulse, the needle is inserted immediately posterior
to the artery at a 458 angle anteriorly toward the malleolus.
After contacting the malleolus, 5 mL of local anesthetic is
injected while withdrawing the needle.

Now, palpate the dorsalis pedis pulse as proximal as
possible on the foot. Using one of the 10-mL syringes and
after negative aspiration, inject 5 mL of local anesthetic
deep to the extensor retinaculum, between the tendons of
the tibialis anterior and extensor hallucis longus and just
lateral to the dorsalis pedis pulse to anesthetize the deep per-
oneal nerve. Without removing the needle from the skin,
redirect the needle toward the lateral malleolus and inject
a 5-mL subcutaneous ring of anesthetic as the needle is
advanced. This will anesthetize the superficial peroneal
nerve. With the second 10-mL syringe, insert the needle
through the same site toward the medial aspect of the
ankle, again injecting 5 mL. This will anesthetize the saphe-
nous nerve. The sural nerve is then anesthetized by injecting
the final 5 mL of anesthetic subcutaneously between the
tendo calcaneo (Achilles’ tendon) and the lateral malleolus.

EYE TO THE FUTURE

Regional anesthetic techniques can provide significant post-
operative pain relief for trauma patients, whether or not they
are used for intraoperative anesthesia. Previously, inter-
mediate-acting local anesthetics only provided approxi-
mately eight hours of analgesia. Current long-acting local
anesthetics provide 12 to 24 hours of pain relief. Researchers
have been formulating longer-acting sustained release
opiates and local anesthetics (particularly in the form of
lipid emulsions) that can be employed for both neuraxial
and peripheral nerve blocks. The anticipated duration of
effect is 48 to 72 hours after a single injection. This not
only provides analgesia immediately post-op but also
serves to mitigate the deleterious effects of the stress
response (37).

In addition to new pharmacologic discoveries that
extend the duration of pain relief, technologic advancements
have been geared toward improving patient safety. The use
of ultrasound in the practice of regional anesthesia has
added the benefit of “sight” to traditionally blind techniques
(38–40). Ultrasound allows the practitioner to guide needle
placement under direct vision, increasing accuracy and
minimizing potential complications. In addition, observing
a distinct pattern of perineural local anesthetic spread
helps to confirm appropriate needle position. Thorough
understanding of normal cross-sectional anatomy and the
ability to think in three dimensions are important baseline
qualities for utilizing these techniques. Moreover, both of
these aspects are improved by using high-resolution
ultrasound. Gray (41) has recently reviewed the subject
and introduced terminology that is helpful in explaining
results and in guiding trainees in their use of this technology
(Fig. 17).

Figure 17 New concepts and terminology in ultrasound-guided

regional nerve blockade. (A) Approaches to regional block with

ultrasound (SAX OOP, SAX IP, LAX OOP, and LAX IP). For the

OOP approach, the needle crosses the plane of imaging as an

echogenic dot with the target centered in the field of view. For the

IP technique, the entire tip and the shaft of the needle are seen

while the needle approaches the target on the opposite side of the

field. (B) Short axis (transverse cross-sectional) ultrasound scan of

the musculocutaneous nerve in the axilla. The needle tip and local

anesthetic injection (arrowheads) are identified within the plane of

imaging (SAX IP approach). After the initial injection, the needle

tip is substantially displaced from the nerve. Large tick marks are

spaced 10 mm. (C) Short axis (transverse cross-sectional) ultra-

sound scan of the musculocutaneous nerve in the axilla. The needle

tip crosses the plane of imaging to facilitate local anesthetic

injections (SAX OOP approach). Multiple test injections and

needle repositioning were performed based on the feedback using

the observed images. Large tick marks are spaced 10 mm.

Abbreviations: IP, in-plane approach of the needle; LAX, long axis

view of the target; OOP, out-of-plane approach of the needle; SAX,

short axis view of the target. Source: From Ref. 41.
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Other efforts are focussed on simplifying and perfect-
ing regional anesthesia catheter placement techniques.
Newer designs, which incorporate an electrically conductive
element, allow the practitioner to verify placement by stimu-
lating the target nerve bundle through the catheter tip itself.
Placement can also be achieved and confirmed using high-
resolution portable ultrasound devices (41,42).

Even with the conventional local anesthetics, analgesic
effects of continuous perineural catheters can extend far into
the postoperative period, using portable infusion delivery
systems (43–48). Effective postoperative regional analgesia
can dramatically reduce the need for and risks from intermit-
tent, bolus-dosed opioids. Continuous perineural local anes-
thetic infusions have been safely used to increase the
duration of affect in post operative (or post injury) pain in
both upper extremity (43–45) and lower extremity con-
ditions (46,47). Indeed, these are becoming so safe, that
patients are now allowed to go home with these devices,
receiving about 48 hours of continuous local anesthesia infu-
sion (48). These patients are instructed to remove the cath-
eter after 48 hours to verify the tip was intact upon
removal and to contact the anesthesiologist for follow-up.

In addition to the important goal of providing excellent
postoperative analgesia, research into long-acting analgesic
techniques can allow an aggressive, multi-modal approach
to the trauma patient. Rehabilitation in the form of occu-
pational or physical therapy, with more aggressive use of
passive (and active) range of motion, can begin almost
immediately postoperatively with a well-functioning regional,
thus reducing the risk of muscle wasting, adhesions, stiffness,
and probably also venous thrombosis. As we learn to provide
more advanced regional anesthesia techniques, we may find
that the benefits of earlier return to premorbid function may
extend months, even years, into the recovery phase.

SUMMARY

Trauma patients coming to the OR for surgical correction
of injuries may be candidates for regional anesthesia
techniques. To perform the appropriate procedure, the
anesthesiologist must be familiar with various peripheral
nerve block techniques as well as the individual risks
and benefits. Modulation of the stress response, surgical
anesthesia, vasodilatation, and postoperative analgesia
are all potential benefits for the trauma patient. The
ability to provide regional anesthesia with limited equip-
ment and resources makes it easy to administer to victims
in the event of mass casualties. A regional anesthetic may
help avoid an airway catastrophe in a patient with a full
stomach and anticipated DA. There is little doubt that,
under the right conditions, regional anesthesia can be an
excellent choice for most patients.

KEY POINTS

Regional anesthesia, whether alone or in combination
with other forms of anesthesia, can offer a number of
proven benefits over general anesthesia alone. The pro-
found pain relief resulting from sensory nerve blockade
reduces or eliminates the need for systemic opioids
which can alter mental status, depress respiration, and
exacerbate the aspiration risk.
Regional anesthesia has been shown to decrease the
incidence of DVT in nontrauma-related surgery and,

as such, provides a theoretical (and probably real)
supplement to the DVT prophylactic regimen (5).
Trauma patients often present after suffering significant
blood loss; care must be taken to ensure that the patient
does not become functionally hypovolemic due to the
anesthetic, which can result in hypoperfusion-related
morbidity, including exacerbated shock state, ischemia,
cardiac arrest, or death.
Regional techniques as the sole anesthetic leave a
patient with an uncontrolled airway, which can be
dangerous in the event of cognitive impairment due
to sudden hypotension, hypoxia, or ischemia.
An important consideration in deciding whether a
regional technique is appropriate in the trauma patient is
the real possibility of losing or changing the physical exam-
ination findings following the implementation of certain
blocks confounding subsequent patient monitoring.
Certain nerves can be located without piercing the skin
by transcutaneous stimulation using a nerve stimulator
electrode located on the skin surface.
The interscalene block is contraindicated in patients
with cervical spinal cord injury where ventilation is
dependant solely upon diaphragmatic function and in
patients with significant trauma or baseline impairment
to the contralateral lung, chest wall, or diaphragm
(including those with end-stage emphysema).
Reports of local anesthetic injection directly into the
cervical spinal cord during interscalene blockade are
rare, but the consequences can be devastating (18).
In comparison to the supraclavicular approach, which
is not recommended in trauma patients due to a pneu-
mothorax rate of up to 6%, the infraclavicular approach
has a lower rate of pneumothorax.
An alternative technique for the infraclavicular block
has been described by Wilson et al. (21) and is rec-
ommended in trauma patients, because it has the
lowest risk of pneumothorax.
The axillary block has minimal impact on respiratory
mechanics and will not result in a pneumothorax,
making it especially attractive when respiratory status
is impaired.
Nerve blockade at the elbow can anesthetize the median,
radial, ulnar, and lateral antebracheal cutaneous nerves.
Attempting ulnar nerve blockade by inserting the
needle directly into the ulnar groove is not rec-
ommended due to the potential risk of intraneural
injection or nerve compression related to the superficial
location of the ulnar nerve.
The major drawbacks to the Bier block are (i) short
duration of blockade, (ii) marginal tourniquet analgesia,
and (iii) the anesthetic effect terminates shortly after
tourniquet deflation.
Surgical approaches confined strictly to the thigh, such as
skin grafting, soft tissue injuries, and certain sliding hip
screws, may only involve structures innervated by the
femoral, obturator, and lateral femoral cutaneous nerves.
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INTRODUCTION

For he who fights and runs away
May live to fight another day,
But he who is in battle slain
Can never rise and fight again.

—Oliver Goldsmith, 1761

The term “damage control” was originally coined by the
U.S. Navy in reference to “. . . the capacity of a ship to absorb
damage and maintain mission integrity” (1). In a severely
injured patient, this term is used to indicate the sum total
of all maneuvers utilized to, above all else, maintain

patient survivability. The concept of damage control in
surgery, however, is not new. Pringle (2), in 1908, described
the principles of compression and perihepatic packing to
tamponade portal venous bleeding from the injured liver.
Halsted (3), in 1913, further modified this by interposing
rubber sheets between the liver and packs to protect the
hepatic parenchyma. With advances in anesthetic manage-
ment and better understanding of the pathophysiology of
shock, it became possible to sustain injured patients for pro-
longed periods in the operating room (OR), providing sur-
geons with ample time to undertake complete repair. As a
consequence, staged procedures utilizing packing for
damage control were frowned upon, and military experience
in World War II and Vietnam discouraged the practice. After
World War II, growth in civilian emergency medical services
allowed for the rapid transport of very severely injured
patients who, in the past, would have died at the scene of
the injury. These patients were often at the limits of their
physiological reserve upon arrival at the hospital. In such
situations, the old paradigm of complete repair of all injuries
often resulted in a repaired but dead patient. In 1983, Stone
et al. (4) reported on truncated laparotomy, intra-abdominal
packing to tamponade bleeding, and delayed definitive
surgical repair at a later time (when effective hemostasis
had been restored). This technique proved effective in
otherwise hopeless situations. In the years following the
Stone report, a number of institutions reported similar
results (5–9), and the concept of damage control in severely
injured patients dying from the lethal triad of hypothermia,
acidosis, and coagulopathy gained widespread acceptance.

PATIENT SELECTION

Damage control should not be utilized as a last ditch effort, when
all else is failing. Planning for damage control should start

early in the resuscitation suite or OR by identifying patients

who may need restoration of metabolic homeostasis prior to

undergoing prolonged surgery. In selected situations,
the prehospital reports provided by on-scene medical
personnel can alert experienced trauma surgeons that
damage control may be necessary (Table 1). In such situ-
ations, the victim should spend the minimum time possible
in the emergency department—a few minutes at most, for
placement of identification band and securing of airway—
and rapidly be transported to the OR. In other situations,
the necessity for damage control may become obvious
only in the emergency department (Table 1). However,
once it has been established that the patient will need
damage control, no further time should be wasted in
the emergency department performing further work up
[head computed tomography (CT), X-rays of extremities,
X-rays for missile tracts, etc.], and the patient should
immediately be transported to the OR. Lastly, in the OR,
if the patient’s physiological status is rapidly deteriorating
(Table 1), the decision to perform damage control should
be made early, and complex repairs should be postponed.
Good communication between the anesthesiologist and
the surgeon is critically important in identifying such
patients. Also, if it becomes clear that complete repair will
require prolonged surgery (.90 minutes), and the patient,
though currently stable, will not remain so, damage
control is appropriate.

STAGES OF DAMAGE CONTROL

Damage control involves a systematic approach to early
trauma management aimed at maximizing patient surviva-
bility. Damage control has three distinct stages: limited oper-
ation (stage I), resuscitation (stage II), and re-operation
(stage III). The fundamental principles of each stage will be
reviewed in this section.

In subsequent sections, the principles of limited oper-
ation are reviewed for the major body cavities [Damage
Control (Stage I) Operative Priorities for Thoracic, Abdomi-
nal, and Extremity Injuries], and details of intensive care unit
(ICU) resuscitation and re-operation are covered in sections,
Resuscitation Considerations in the Surgical Intensive Care
Unit (Stage II) and Reoperation—Removal of Packs, Wash
Out, Definitive Repair Stage III, respectively.

Stage I: Limited Operation (Control of Hemorrhage
and Contamination)
Once a patient who requires damage control has been iden-
tified and brought to the OR, the patient should undergo a
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limited operation aimed at controlling life-threatening
hemorrhage, stopping further contamination, and rapid
closure. The actual techniques utilized depend on the body
region injured and, within that region, the specific organs
injured. Aggressive resuscitation and warming begins in
the OR.

Stage II: Resuscitation (Restoration of Physiologic
Homeostasis)
After the abbreviated surgery, the patient is brought to the
surgical ICU for continuation of physiological restoration.
This phase entails intensive monitoring, active re-warming,
resuscitation using warmed fluids and blood products, and
supportive care of any failing organ systems. The patients
often require massive amounts of fluids for resuscitation,
packed red blood cells (PRBC) transfusion for restoration
of oxygen-carrying capacity, and administration of coagu-
lation products to correct coagulopathy.

Stage III: Re-operation (Removal of Packs,
Definitive Repair)
Once the patient is fully resuscitated and normothermic
and effective hemostasis has been restored, the patient is
brought back to the OR for removal of packs and definitive
repairs.

DAMAGE CONTROL (STAGE I) OPERATIVE PRIORITIES FOR
THORACIC, ABDOMINAL, AND EXTREMITY INJURIES

Each of the major body cavities has specific life-threatening
priorities that must be addressed during the limited oper-
ation to control hemorrhage and contamination. This section
reviews these priorities for the thorax, the abdomen, and
the extremities. Additionally, principles of temporary
closure are reviewed in this section.

Thoracic Considerations (see also Volume 1, Chapter 25)
Injuries to the thorax receive the highest priority for atten-
tion after the airway is secured. Major hemorrhage associ-
ated with thoracic trauma can originate from the lungs,
heart, and the major vessels. An organized approach to the
management of these otherwise lethal injuries is required
for optimum outcome. Initial management of thoracic
trauma involves placement of chest tubes for suspected
hemo- or pneumothorax. Patients with ongoing bleeding
must go to the OR for hemorrhage control. If the patient is
in hemorrhagic shock or arrests from a thoracic injury,
a resuscitative thoracotomy should be performed (see
Volume 1, Chapter 13). Hemorrhage from the lungs, heart,
and great vessels must be expeditiously controlled.

Pulmonary Hemorrhage
Rapid control of hemorrhage from the lungs can be

achieved by placing a DeBakey aortic clamp at the root of
the lung in the emergency department or in the OR
(10). Once the clamp has been placed, bleeding should
be controlled by pulmonotomy and ligation or clipping of
individual vessels. A linear stapling/cutting device can be
very effective in performing the pulmonotomy quickly.

Cardiac Hemorrhage
Temporary control of bleeding from the cardiac

chambers can be obtained by digital compression or by

using a skin-stapling device (11). If an emergency depart-
ment thoracotomy has been performed, rapid control of
bleeding maybe obtained by a running silk suture, and
formal repair can be carried out in the OR. Another useful
technique is to place a Foley balloon catheter into the
defect, inflate the balloon, and apply gentle traction (12).
Formal repair is carried out with teflon-pledgeted sutures.
In cases of larger defects, temporary inflow occlusion,
either digitally or by clamps, can avoid the need of cardio-
pulmonary bypass. As the heart slows, sutures are rapidly
placed to repair the defect (13).

Aorta and Great Vessels
Blunt aortic injury, if diagnosed preoperatively, with no evi-
dence of bleeding can be initially managed nonoperatively
with pressure and rate control (beta-blockers and opiates),
whereas other more emergent injuries are being managed
(14). In cases of penetrating injury with hemorrhage, the
most expeditious repair is carried out. There is extensive
collateral communication across the midline through the
cervicofacial branches of the two external carotid arteries
and between the ipsilateral carotid and subclavian arteries.
Because of this, any one of the great vessels may be
ligated, with an acceptably low incidence of ischemic
complications.

Table 1 Indications for Damage Control Abbreviated

Surgery

Prehospital indications

Penetrating thoracic or abdominal trauma with hypotension

Missile injuries to the femoral triangle with hypotension

Mangled extremity

Emergency department indications

All patients in the above category if not already going to the OR

Status post emergency department thoracotomy

Pericardial fluid on ultrasound following blunt/penetrating

trauma

Torso trauma with hypotension and large amount of peritoneal

fluid seen on sonogram, or gross blood on diagnostic

peritoneal lavage

Closed pelvic fracture with hypotension and large amount of

peritoneal fluid seen on sonogram, or gross blood on

diagnostic peritoneal lavage

Open pelvic fracture

Intraoperative indications

Intraoperative metabolic failure

Hypothermia despite warming measures

Persistent acidosis despite vigorous resuscitation and

hemorrhage control

Coagulopathy (nonmechanical bleeding)

Necessity of prolonged procedure (.90 min) in a borderline

stable patient

Necessity of urgent lifesaving procedure on another body part

Inaccessible injuries (e.g., retrohepatic vena cava)
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Abdominal Considerations (see also Volume 1, Chapter 27)
Damage control techniques are most often utilized in
patients with significant abdominal trauma, either for
major abdominal injuries or for other life-threatening inju-
ries (pelvic fractures with arterial hemorrhage needing
angio-embolization, head injured patients requiring cranio-
tomy, etc.). The abdominal region contains large highly vas-
cular solid organs, hollow viscera with high bacterial loads,
and major blood vessels, making exposure and rapid control
of hemorrhage and contamination very challenging at times.
In situations where massive abdominal injury is suspected,
calling in an additional experienced surgeon can be life-
saving. Bleeding into the abdomen can be from the solid
organs (liver, spleen, kidney, pancreas), from the vascular
supply to the hollow viscera, or from the great vessels and
their branches. Additionally, injury to the hollow viscera—
gastrointestinal (GI), pancreatico-billiary, and genitourinary—
causes contamination. This contamination, in the short-term,
acts as a driver for the systemic inflammatory response
syndrome and, in the longer term, increases the risk of
serious intra-abdominal infection.

Liver Hemorrhage
Major hemorrhage from an injured liver can test the skill of
even an experienced trauma surgeon. The liver with its dual
blood supply has a combined blood flow of about 1500 mL/
min. Additionally, it is the source of all the coagulation
factors except factor VIII. In the face of massive blood loss,
coagulation factors are lost, diluted, and consumed very
rapidly. In the absence of rapid replenishment from the
liver, the patient quickly becomes coagulopathic.

Major hepatic resection for treatment of acute
trauma carries a very high mortality even in the hands of

an experienced trauma surgeon (15). Hence, other tech-
niques of controlling hemorrhage should be initially uti-
lized. Depending on the site of the injury, mobilization
of the right lobe may be necessary. This can be achieved by
retracting the right lobe towards the midline and dividing
the triangular and coronary ligaments that attach the liver
to the diaphragm. However, this should be done only
when the surgeon is reasonably certain that the retro-
hepatic vena cava is not injured. In case it is injured, mobiliz-
ing the right lobe can lead to torrential hemorrhage that may
be difficult to control.

Direct Hepatic Repair
Large lacerations that are bleeding may be managed by
indirect control using either continuous suture, or inter-
rupted horizontal mattress sutures. These sutures are
passed through the hepatic capsule, traverse the paren-
chyma at a depth of about 2 cm from the lacerated surface,
and exit at the opposite side through the capsule. Blunt
tip needles, carefully penetrating the capsule are helpful
in avoiding tearing of the capsule. The sutures are tied
snug so as to control the bleeding, yet not so tight as to
tear the capsule. Alternatively, direct control techniques—
hepatotomy with selective vascular ligation, resectional
debridement with selective vascular ligation, and rapid
resectional debridement—may be utilized (16). In the first
two of these techniques, individual vessels are ligated or
clipped after exposure, either by opening up the tract, or
by debriding the lacerated surface. In the third technique,
a large Kelly or vascular clamp is applied proximal to an
avulsed segment (or two clamps, one on each side of a

more centrally placed laceration), the tissue in the clamp is
rapidly debrided, and a ligature used to ligate the tissue
en bloc. In case the ligature cannot go all around, horizontal
mattress sutures maybe used.

Pringle’s Maneuver (Temporary Hepatic Inflow Control)
In all three of the direct hepatic repair techniques just
described, a vascular clamp across the portal triad, above
the first part of the duodenum (Pringle’s maneuver), can
be very helpful in controlling bleeding while definitive
control is being achieved (17). Pringle’s maneuver can also
help differentiate between bleeding from hepatic inflow
vessels (hepatic artery and portal vein—reduced by the man-
euver) and bleeding from hepatic outflow vessels (hepatic
vein and inferior vena cava—unchanged by the maneuver).

Direct Packing (Tamponade) Techniques
In centrally placed lacerations, after control of major vessels,
the ooze may be managed by packing the cavity with viable
omentum (18). In other situations, tamponade may be the
most expeditious damage control technique. Tamponade
can be achieved by perihepatic gauze packing (19), placing
a balloon catheter within the tract with the inflated balloon
offering tamponade (20,21), or mobilizing the injured
lobe and circumferentially wrapping it with absorbable
mesh (22,23). In the first two methods of tamponade,
re-operation is mandatory to remove the perihepatic gauze
packs, or the balloon catheter, whereas in the third technique,
re-operation can be avoided if there is no ongoing hemor-
rhage and there are no other injuries requiring delayed
repair. Perihepatic gauze packing, as the principal hemostatic
modality, is required in 5% to 6% of patients requiring oper-
ative hepatic hemostasis (19). In an additional 33% of patients
requiring operative hepatic hemostasis, perihepatic gauze
packing is necessary to control nonsurgical bleeding after
gross surgical bleeding has been controlled (19). This may
be life-saving in the acidotic patient who is cold and coagulo-
pathic. Also, in patients with limited retrohepatic caval inju-
ries, packing may control bleeding for 24 to 48 hours, at
which time formal planned repair, if necessary, can be
carried out under more favorable conditions.

Splenic Hemorrhage
In patients with high-grade spleen injuries [American

Association for the Surgery of Trauma (AAST) grades III,

IV, and V] (24), splenectomy is the procedure of choice for
damage control. In patients with lower grade injuries
(AAST grades I and II) (24), simple hemostatic measures—
suture, topical hemostatic agents, and so on—may be more
expeditious (25). Absorbable mesh wrapping, or placement
of the mesh and perisplenic gauze packing to hold the mesh
in place are other methods that may, at times, be useful (26,27).

Pancreatic Injuries
Injuries to the pancreas that do not involve the duct require
drainage only. In patients in whom the duct is suspected
to be injured, if the injury is to the left of the mesenteric
vessels, distal pancreatectomy is indicated. When the
injury involves the head region, drainage is appropriate
(see also Volume 2, Chapter 39). In cases of massive destruc-
tion of the pancreatic-duodenal complex, a pancreatico-duo-
denectomy is indicated. In the damage control situation,
however, the minimum necessary to control hemorrhage
should be done. This usually entails packing, with or
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without drainage. Pancreatic resections and reconstruc-

tions are delayed until the time of re-operation (28).

Contamination Control from the
Gastrointestinal Tract
Continued egress of intraluminal contents into the peritoneal
cavity will cause infection and drive the systemic inflamma-
tory response. Rapid control of GI contamination is an
essential part of damage control. However, this has to
be done as expeditiously as possible, with reconstructions
delayed till re-operation. Stomach injuries are sutured
closed, usually with a nonabsorbable continuous stitch.
The stomach wall is highly vascular and, hence, injuries
can bleed significantly. A running nonabsorbable stitch
with deep full thickness bites assures closure and hemosta-
sis. Smaller perforations of the duodenum are similarly
closed, whereas near transactions are closed off with sta-
plers. In case the adjacent pancreatic head is also injured,
drains are placed (see above). Smaller defects in the small
and large bowel are closed with a running stitch, and seg-
ments of bowel with multiple injuries or devascularized seg-
ments are resected. Stapling/cutting instruments allow rapid
resections. Resected bowel is left unanastomosed. Anasto-
mosis to re-establish bowel continuity, and maturation of
stoma is done at the time of re-operation (28).

Renal Hemorrhage
Nephrectomy, after confirming the presence of the

contralateral kidney, is the procedure of choice in patients
who require damage control and are bleeding from an
injured kidney (29). As with all areas of the abdomen,
gauze packing may be required to deal with the oozing in
the renal bed due to coagulopathy. Nonoperative management
and renal preservation is encouraged whenever possible.

Urinary Collecting System Injuries
Ureteral injuries are uncommon. Urine egress from a ureteric
injury leads to the formation of urinoma, which can get
infected. The complexity of repair for ureteral injury
depends upon the site and degree of damage to the ureter.

In the damage control situation, time-consuming ureteral

and collecting system repairs or complex procedures for
ureteral length loss are not indicated. Rather, temporary
urinary diversion techniques are employed.

For small partial injuries, double pigtail stents can
rapidly be placed through the site of injury, and the small
amount of leakage can be managed by drainage. In cases
of more significant injury, drainage is appropriate, and
repair may be done at the time of re-operation. In situations
where the collecting system is in complete discontinuity, and
urine will not be able to exit the body, nephrostomy tubes
should be placed, either at the time of damage control
surgery, or immediately after (30,31).

Intraperitoneal bladder injuries should be managed by
the most expeditious closure possible, usually with a running
vicryl or dexon stitch. Formal layered closure should be done
at the time of re-operation (30).

Internal Reproductive Organ Injuries
In the nongravid state, injuries to the internal reproductive
organs are rare due to the protection offered by the bony
pelvis. In major trauma, these organs can be injured, often
in association with pelvic fractures, and cause major bleed-
ing. Additionally, major injuries can result in external
contamination and increase the risk of infection. In the
damage control situation, gross surgical bleeding should

be rapidly addressed. In rare situations, the quickest way
to control the bleeding would be a hysterectomy. Large
pelvic hematomas, associated with pelvic fractures, are
best dealt with by angioembolization. The interventional
radiologist should be contacted as the damage control
surgery is being carried out, so minimum time is wasted
after the procedure and the patient transported to the
angiography suite directly from the OR.

Hemorrhage from Major Abdominal Vessels
Injury to the abdominal aorta requires rapid repair, using an
arterial substitute for wall loss. Insertion of a thoracostomy
tube as an intraluminal shunt has been described;
however, an experienced trauma surgeon should rapidly
be able to place a graft in 20 to 25 minutes. Any one of the
mesenteric arteries—celiac axis, superior, and inferior
mesenteric arteries—may be ligated safely in the young
trauma patient. If more than one vessel is injured, attempts
should be made to maintain blood flow through at least
two of the mesenteric arteries. This may be achieved by
repair, if time permits, or by using one of the commercially
available intraluminal shunting devices (32). Injuries to the
renal artery, in unstable patients, should be treated with
ligation and nephrectomy after confirming the presence of
a normally palpable contralateral kidney. Bleeding from
the external iliac artery should be controlled either by
repair or by placing an intraluminal shunt. In desperate
situations, the artery should be ligated, and an ipsilateral
four-compartment below-knee fasciotomy performed to
prevent myonecrosis (33). Bleeding from the internal iliac
artery deep in the pelvis is difficult to control. Ligation
alone is not effective, as the rich collateral network across
the midline leads to continued bleeding from the distal
ends. Packing, Fogarty balloon catheter inflation, and
placing hemostatic agents within the pelvis have been
described to stem the blood loss, which allows time for
angioembolization (34,35). Bleeding from major abdominal
or pelvic veins, including infrarenal vena cava, should be
managed by ligation (36). In situations where either the
external, or common iliac, vein or the inferior vena cava
has been ligated, below-knee four-compartment fasciotomy
should be performed. After surgery, the patient has to be
observed very carefully, as many such patients will require
thigh fasciotomy as well (33).

Diffuse Abdominal Bleeding
In patients who have developed coagulopathy and resul-

tant diffuse nonsurgical bleeding, packing may be life

saving (4,37–40). This situation usually occurs in patients
who remained in shock for a prolonged period of time,
required massive resuscitation, and have developed hypother-
mia and acidosis. Dry laparotomy pads should be placed in all
areas of bleeding, the abdomen rapidly closed using one of the
alternative closure techniques (discussed subsequently), and
the patient transported to the ICU for physiologic restoration.

Extremity Injuries (see also Volume 1, Chapter 29)
Damage control procedures for extremity trauma are usually
required in patients with major vascular injury to the
extremity, where blood loss from the injury or concomi-
tant trauma has already led to metabolic failure, and the
patient is unlikely to tolerate a prolonged repair. In other situ-
ations, extremity vascular injury may be part of multisystem
injury, where the patient urgently requires other life-saving
procedures (craniotomy, thoracotomy, laparotomy, angioem-
bolization, etc.). In such situations, damage control should be

408 Ivatury and Malhotra



performed on the extremity so that the other procedures may
be performed. Lastly, vascular repair is unlikely to succeed if
the patient has an unstable fracture that cannot be quickly
stabilized. In this situation, damage control is appropriate
for the extremity vascular injury.

The procedure for damage control will depend on the
complexity and magnitude of the extremity injury, the status
of the patient, and the complexity and magnitude of other
injuries. In some situations, a mangled extremity or a poten-
tially salvageable extremity in a severe multiply injured
patient where attempts at extremity salvage will risk life, guil-
lotine amputation is appropriate. In other situations, where
the extremity may be salvageable, provided the patient can
be resuscitated and operation performed in better physiologi-
cal environment, intraluminal shunting to maintain the viabi-
lity of the extremity should be performed (41). In situations

where ligation of the injured artery or vein is utilized during
damage control, the patient will require prophylactic fasciot-
omy to prevent myonecrosis (33).

Extremity venous injuries are usually dealt with by lig-
ation, and this is usually well tolerated (42,43). However, in
the damage control situation, where the patient is likely to
require massive amounts of fluid, problems in the form of
compartment syndrome often develop (44). Shunting tech-
niques, similar to those described for arterial injuries, may
also be utilized for the veins. This is particularly important
for the popliteal vein, as the collateral venous drainage
around the knee is very poor (44).

Temporary Closure Principles
After the abbreviated surgery for damage control, most
patients will require re-operation to complete repairs,
perform a second look, and look for any additional injury
that may have been missed at the time of the first surgery.
Additionally, because of edema of the internal viscera
caused by massive resuscitation, formal closure may be
impossible without causing compartment syndrome
(dicussed subsequently), either at that time or later in the
ICU with continued resuscitation. Because of these reasons,
alternative forms of closure are usually necessary.

The method of temporary closure should be such
that it can be performed rapidly, prevent heat loss from
the internal viscera, protect the swollen viscera, and

allow relatively free egress of the large amount of fluid
that may accumulate within the cavity with continued
resuscitation. In addition, the method should not
damage the fascia and skin so that formal closure can be
achieved later. The multiple methods used for temporary
closure attest to the fact that the ideal method is yet to be
found. Towel clip closure of the skin alone, with the fascia
left open, can be performed rapidly and will protect the
internal organs and prevent heat loss. However, this form of
closure can lead to compartment syndrome with its attendant
complications (discussed subsequently). Most institutions
rarely use towel clip closure, instead opting for some form of
synthetic material to make a silo, and protect the swollen
viscera. Dr. Oswaldo Borraez from Bogotá, Columbia, first
described the silo method in 1984 and hence the name
Bogotá bag. The original Bogotá bag was an opened, empty
plastic intravenous bag, which was stitched to the skin edges
(Fig. 1). The method is quick, and the plastic silo forms an
effective barrier, which protects the viscera and prevents
heat loss. Small perforations made in the plastic allow for
the egress of fluid. Since the adoption of this method, numer-
ous materials have been used in place of the plastic intrave-
nous bag. These include, Esmarch bandage (thoracotomy or

sternotomy wounds), absorbable meshes (vicryl or dexon),
permanent meshes [poly tetra fluoro ethelene (PTFE) or poly-
propelene], silastic sheeting (Dow Corning Corp., Michigan,
U.S.A.), two sheets of steridrape (3M Corp., Minnesota,
U.S.A.), the “fish” used to help in laparotomy closure, and
various combination of these materials.

In the authors’ current practice, a large plastic sheet is
laid over the bowel and tucked deep in the paracolic gutters
laterally, over the stomach/spleen and liver superiorly, and
deep in the pelvis inferiorly. This sheet not only protects
the internal viscera and prevents heat loss, but also prevents
adhesion formation between the bowel surface and the
abdominal wall, which allows for formal fascial closure at
a later date. Small perforations are made in this sheet to
allow fluid egress. Moistened gauze bandage is placed on
top of this plastic sheet, and drains, Jackson Pratt or large
(20 Fr) red rubber with multiple holes, are placed within
the bandage. A steridrape large enough to cover the
bandage and adhere to the surrounding skin is placed over
the bandage. The drains are connected, through collecting
buckets, to wall suction at about 100 mmHg. This system is
easy to manage for the nursing staff and allows for the
fluid to be measured.

RESUSCITATION CONSIDERATIONS IN THE SURGICAL
INTENSIVE CARE UNIT (STAGE II)

After the abbreviated surgery, most patients requiring
damage control are still in or just recovering from shock
(metabolic acidosis), hypothermic, and coagulopathic. As
discussed later, these three factors act synergistically and
have been given the dubious distinction of being the “lethal
triad of death.” The goals of stage II resuscitation
in the ICU are the restoration of physiologic homeostasis
including intravascular volume repletion, active re-
warming, and reversal of coagulopathy. Additionally,
because of shock and systemic inflammatory response, one
or more of the essential organ systems may be failing to ade-
quately meet the increased demands of the body. These
organ systems need to be adequately supported.

Shock (Metabolic Acidosis) and
Resuscitation Endpoints
Shock in the trauma patient typically results from hypovo-
lemia. Hypovolemia may result from blood loss alone, as
seen in penetrating trauma with isolated injury to a major
blood vessel. However, in blunt trauma, in addition to the

Figure 1 Patient with a Bogotá bag on the abdomen.
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direct loss of blood, there is a significant soft-tissue injury,
which leads to swelling and third space losses, further
depleting the intravascular blood volume. In either case,
shock results from the inadequate perfusion to meet the
needs of the body for oxygen and other metabolites. This
perfusion inadequacy triggers the cellular metabolism to
switch from aerobic to anaerobic, and lactic acid accumu-
lation results (Fig. 2) (45). Also, the ability of the kidneys
and liver to generate bicarbonate is affected by the perfusion
inadequacy to these organs (46,47). The end result is severe
metabolic acidosis. Although mild acidosis may be beneficial
for oxygen offloading at the tissue level, severe acidosis
(pH , 7.20) makes the myocardium less responsive to
circulating catecholamines and adversely affects cardiac
contractility and other enzyme systems (48). Acidosis may
also be partly responsible for initiating disseminated intra-
vascular coagulation (DIC) in patients with profound
shock (49).

When the cause of the acidosis is hypovolemic shock,
adequate and complete resuscitation is a major goal. This
begins in the OR and continues in the ICU. Blow et al. (50),
in a series of prospective studies performed on severely
injured patients admitted to the ICU, demonstrated that
early and complete resuscitation from shock was associated
with a lower incidence of complications and mortality. The
shock state leads to systemic inflammation and leaky capil-
laries. These patients require massive amounts of fluid to
keep up with this third space loss. The fluid leaking out of
the capillaries into the interstitium is extracellular in
nature and hence should be replaced with balanced salt

solution such as Ringer’s lactate. In hyperkalemic patients,
0.9% sodium chloride should be used to avoid potassium
overload. Sodium chloride may be considered in anuric
patients as well. Once the patient starts to make urine,
Ringer’s lactate can be substituted for the normal saline, as
continuing with saline can worsen the acidosis by causing
a hyperchloremic state. Patients also require blood to main-
tain adequate oxygen carrying capacity.

Adequacy of perfusion and endpoints of resuscitation
remain the areas of controversy and active research. Global
parameters measure the adequacy of perfusion of the
whole body. The commonly used global measures are
serum lactic acid (51,52), base excess (53,54), and mixed
venous oxygen saturation (55). Although easy to measure
and interpret, all three have their own shortcomings. The
greatest shortcoming for global parameters is that although
the parameter may be “normal,” suggesting adequate per-
fusion, some critical tissue beds, for example, mesenteric,
may be inadequately perfused. This led to the search for
organ-specific parameters. The most commonly used
organ-specific parameter is the urine output. An adequate
urine output (.0.5 mL/kg per hr for adults and .1 mL/kg
per hr for children) suggests adequate renal perfusion.
However, some trauma patients may have received mannitol
for head injury or be in a state of nonoliguric renal failure,
and in such situations, the urine output cannot be used as
a marker for adequate renal perfusion. Other organ-specific
markers are gastric tonometry (measuring gastric mucosal
pH as a marker of gastric mucosal perfusion) (56), urinary
bladder mucosal pH (57), sublingual capnography (58),
transcutaneous measurements of tissue pH, and partial
pressures of oxygen and carbon dioxide (59). With the excep-
tion of gastric tonometry, none of the other methods have
gained widespread use and remain largely experimental.
One of the principal problems with these methods is the
cumbersome nature of the techniques, with a high incidence
of technical problems.

Most institutions do not rely on a single endpoint of
resuscitation. Rather, most use a combination of global and
organ-specific markers of perfusion adequacy. The goals
are normalization of the elevated lactate, and negative
base excess, and an adequate urine output. The achievement
of these goals suggests that the tissue perfusion is not
only adequate to meet the body’s needs but also enough to
start correcting the oxygen debt that had accumulated while
the patient was in shock. In contrast, the inability to achieve
these goals suggests one of three things (Fig. 3). (i) The patient’s
cardiovascular system is unable to respond to the degree
necessary to adequately perfuse the body and repay the
oxygen debt. In such situations, invasive monitoring with a
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pulmonary artery catheter can be extremely helpful (see
also Volume 1, Chapters 17 and 18). (ii) There is ongoing
hemorrhage that needs to be addressed before resuscitation
can be successful (discussed subsequently). (iii) In rare
instances, the body has passed into a state of irreversible
shock, with an extremely poor prognosis. A degree of
judgment is required to differentiate between the three.

Hypothermia
The association of hypothermia with mortality in severely
injured patient is well established. Jurkovich et al. (60)
demonstrated a rising mortality with increasing degree of
hypothermia in patients with ISS in the 25–39 range, with
all patients who developed core temperature of ,328C
dying. However, in another study where the patients were
stratified not only by the anatomical injury but also by the
degree of physiological deterioration, hypothermia was not
found to have an independent effect on mortality (61). It
may well be that hypothermia is not the cause of increased
mortality, rather a marker of the physiologic state of the
body. Although, in certain highly controlled situations,
hypothermia serves to protect organs against the ill effects
of hypoperfusion in the trauma patient, its known adverse
effects on the cardiovascular, respiratory, renal, GI, endo-
crine, central nervous, and specially coagulation system
make hypothermia very dangerous (62–64). It is, therefore,
logical to utilize maneuvers to prevent hypothermia in the
trauma victim and, if it develops, to reverse it as rapidly as
possible (Table 2).

The causes of hypothermia and the maneuvers
utilized to prevent it in the trauma patient are summarized
in Table 2. In the damage control situation, if one or both
major body cavities are open, the patient may not become

normothermic until the cavities are closed or irrigated with
warm saline. If more rapid correction of hypothermia is
required than can be achieved by conventional means, con-
sideration should be given to extracorporeal warming of
blood using arterio-venous or veno-venous technique. In
the arterio-venous technique, cannula are placed in the
femoral artery and vein, and the patient’s own blood
pressure drives the blood through heparin bonded tubes
that are passed through conventional counter-current heat-
exchange systems. Using this method, Gentilello et al. (65)
showed the resolution of hypothermia in 39 minutes
versus 3.23 hours in a similar group of patients where
conventional means were utilized. In the veno-venous tech-
nique, two large veins are cannulated and connected by
heparin bonded tubing, with an extracorporeal roller
pump driving the blood through the heating system (66).
The venous system is not dependent on the patient’s blood
pressure but does require the pump. The inability to
achieve normothermia after damage control may signify
ongoing hemorrhage that will need to be addressed, before
the patient can be fully resuscitated.

Coagulopathy
Nearly every component of normal coagulation—platelet

function, coagulation, and fibrinolytic cascades—is
deranged in the cold, acidotic, exsanguinating trauma

patient who is in shock. Animal experiments and in
vitro studies have demonstrated that platelet function is
adversely affected by hypothermia (67,68). Coagulation
factors are lost by blood loss, rapidly consumed by the
body in trying to stem blood loss, or by DIC, which often
accompanies severe traumatic shock, or diluted by the large
volume resuscitation that the trauma victim receives (69).
Additionally, the hypoperfused liver is unable to rapidly
replenish the lost factors. Also, the coagulation cascade,
being a series of temperature-sensitive esterase reactions,
does not proceed normally at low body temperatures (70).
Finally, there is evidence that during massive transfusion,
shock, and hypothermia, the fibrinolytic cascade may get acti-
vated, further weakening the hemostatic mechanisms (71).

In the damage control situation, when such coagulo-
pathy starts to develop and is accompanied by nonmechani-
cal bleeding, the process is difficult to reverse without
massive resuscitation and active re-warming. These aims
cannot be achieved while one or more body cavities are
open and exposed to the environment. It is best to terminate
the surgery as quickly as possible and take the patient to
the ICU, where resuscitation and active re-warming can
proceed along with the administration of coagulation
factors for the coagulopathy.

Unplanned Interventions: Emergent Surgery and/or
Angiography (Fig. 3)
Most patients will continue to bleed even after damage
control surgery. In most situations, this bleeding is due to
the coagulopathy associated with acidosis and hypothermia.
As the hypothermia is corrected by re-warming, acidosis is
corrected with resuscitation, and coagulation factors are
replenished with blood product transfusions, the bleeding
slows and the resuscitation parameters start to normalize.
In situations where significant bleeding continues, resuscita-
tion parameters will continue to worsen or, after transient
normalization, will deteriorate, and it will be difficult to
achieve normothermia. If it is determined that the rate of
bleeding is too rapid and this is preventing resuscitation,

Table 2 Causes of Hypothermia in the Trauma Patient

and Suggested Maneuvers to Minimize Heat Loss

Causes of hypothermia in the trauma patient

Exposure at the scene of accident

Hypoperfusion from shock with decreased oxygen utilization

and heat production

Intoxication resulting in vasodilatation and excessive heat loss

Exposure in the trauma room

Infusion of cold crystalloids and blood products

Pharmacologic paralysis preventing shivering and heat

generation

Anesthetic agents causing vasodilatation and increased heat loss

Unheated gases from the anesthesia apparatus

Open body cavities in a cold operating environment

Irrigation of body cavities using unheated solutions

Measures to prevent heat loss and reverse hypothermia

Use blankets during transport from the scene

Increase trauma and OR temperature .858F
Minimize duration of exposure consistent with complete

examination

Use warming devices for all infusions in the trauma and ORs

Cover patient’s head and other parts of the body with warming

devices [turban, Bair Hugger (Augustine Medical Inc.,

Minnesota, U.S.A.) etc.]

Irrigate nasogastric and thoracostomy tubes with warm saline

Irrigate open body cavities with warm saline

Consider extracorporeal warming

Abbreviation: OR, operating room.

Chapter 21: Damage Control 411



some form of intervention will be necessary to control the
bleeding and allow resuscitation to proceed. This can be a
difficult decision as it implies intervening, possibly surgi-
cally, in a patient who is coagulopathic. Morris et al. (72)
have suggested some indications for emergent intervention,
on the basis of continuing hemorrhage, after damage control
surgery (Table 3). The type of intervention will depend on
the most likely source of the bleeding. Trauma patients
in the ICU who are likely bleeding from smaller vessels or

easily accessible sources are best served by re-operation
with application of the damage control principles, whereas
patients who are likely bleeding from larger vessels or
from areas that may be difficult to access surgically are
best served by angiographic embolization.

Another indication for the return to the OR is the
development of the abdominal compartment syndrome
(Table 4). This occurs in patients with significant intra-
abdominal injury, who require damage control surgery.
The abdominal viscera become so edematous that the
intra-abdominal pressure increases to the point of embarras-
sing ventilation, decreasing venous return and cardiac
output, and affecting renal function with a decrease in
urine output (Table 4). Recently, the same syndrome has
also been reported in patients without any abdominal
injury (73). In these situations, the cause is massive swelling
of the bowel due to massive fluid resuscitation required
for other injuries. Although the syndrome is often described
as a purely mechanical phenomenon developed by the
elevated intra-abdominal pressure, recent evidence suggests
that it can be a powerful driver for proinflammatory cyto-
kine release. Oda et al., (74) in a swine model of sequential
hemorrhagic shock and abdominal compartment syndrome,
demonstrated that the two conditions acted synergistically
to potentiate the inflammatory state. All patients requiring
massive resuscitation after damage control surgery should

have bladder pressure measurements performed as a
gauge to intra-abdominal pressure. Even in the absence of
organ dysfunction, if the bladder pressure is rising above
this level and the patient is still requiring large amounts of
volume resuscitation, consideration should be given to
decompression as if patients will soon develop organ dys-
function. Abdominal decompression is achieved by reopen-
ing the laparotomy incision or, in patients with no previous
laparotomy, by performing a laparotomy. The release of the
abdominal compartment syndrome can lead to a reperfusion
type of phenomenon and has the potential of causing sudden
cardiac arrest. To prevent this, immediately prior to decom-
pression, generous volume loading, infusion of mannitol as
a free radical scavenger, and of sodium bicarbonate to
prevent a sudden critical drop in pH, has been suggested
(72). We often consider having calcium chloride and a vaso-
active drip running at the time. One of the alternative
methods of closure described subsequently can be utilized
to approximate the abdomen after decompression. These
“tight abdomens” typically must be left “open” (fascia not
closed) for several days, following compartment syndrome
decompression.

RE-OPERATION: REMOVAL OF PACKS,WASHOUT,
DEFINITIVE REPAIR
General Considerations
Re-operation for damage control surgery should not be
performed until the patient is completely resuscitated,
normothermic, and has a normal acid–base status and
coagulation system. This physiologic restoration or reversal
of metabolic failure is usually achieved within 48 to 72
hours after ICU admission. However, in patients who con-
tinue to have massive edema, re-operation may be further
delayed to allow diuresis and reduction in edema. Some
recent reports suggest that the timing of re-operation may
influence the status of the inflammatory response and
the development of multisystem organ failure (75,76). If
these results are confirmed, the timing of re-operation may
be more critical to the ultimate outcome than previously
thought. In the absence of ongoing bleeding requiring
emergent intervention, the patients who have previously
undergone damage control surgery will require re-operation
for definitive repair of injuries, performance of bowel anasto-
mosis, and creation of stomas. Additionally, at this time,
packs are removed, the abdomen is irrigated, and a complete
examination of all organs is performed to detect and repair
any injuries that may have been missed at the time of
initial surgery. The incidence of missed injury during
the damage control surgery has been reported to be as
high as 15% (77).

Operative Strategies for the Difficult-to-Close
Abdomen
After the damage control surgery, the abdomen is often left
open (fascia not closed). In the absence of normal biological
coverage, the body loses heat, the exposed viscera can desic-
cate, fistula can form from the mechanical trauma of dres-
sing changes, and the large open wound is a major
metabolic drain to the body. In addition to these short-term
problems, in the longer term, in the absence of a complete
fascio-muscular envelope, it will be difficult for the patient
to perform many physical actions for gainful employment.
Because of these factors, how the open abdominal wound
is managed has both long and short-term consequences.
There is no single method that will be suitable for all

Table 3 Indications for Unplanned Return to the Operating

Room from the ICU (Fig. 2)

Bleeding estimated to be .2 units/hr in a normothermic patient

Bleeding estimated to be .15 units/hr in a hypothermic patient

Abdominal compartment syndrome

Table 4 Known Effects of Abdominal Compartment

Syndrome

Effect on individual organs

Decreased blood flow to the body wall

Decreased blood flow to the GI tract

Decreased portal flow

Increased renal vein pressure with decreased renal blood flow,

filteration, and urine output

Increased pulmonary pressures with decreased compliance

resulting in hypoxia and hypercarbia

Decreased venous return to the heart, resulting in decreased

cardiac output

Increased intracranial pressure with decrease in cerebral

perfusion pressure

Other effects

Decreased intramucosal pH of the GI mucosa

Increased bacterial translocation

Decreased hepatocyte mitochondrial function

Increased plasma renin activity and aldostrone

Potentiation of the systemic inflammatory response syndrome
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patients, and some tailoring to the need of the individual
patient will be necessary to optimize functional outcome
and minimize the risk of complications.

Patients, in whom recovery progresses rapidly with
brisk diuresis and resolution of bowel edema, may be able
to tolerate fascial closure within five to seven days. In
many instances, however, this does not happen, or the
patient develops some septic complication and the bowel
becomes swollen again. After about a week in the open situ-
ation, two factors prevent fascial closure. First, the fascial
edges retract laterally, and second, adhesions form between
the external surface of the bowel and the abdominal wall.
A plastic sheet interposed between the bowel surface and
abdominal wall serves to prevent adhesion formation.
Additionally, a relatively new wound vacuum device, the
VAC apparatus (KCI, Texas, U.S.A.) can help medial mobiliz-
ation of the retracted fascial edge. Garner et al. (78) using
these techniques reported successful fascial closure up to
three weeks after damage control surgery. Patients in
whom fascial closure is not possible, despite all these
measures, can have skin flaps mobilized for closure over
the bowel. In situations where skin flaps cannot be mobilized,
the bowel surface can be allowed to granulate over and then
covered with split thickness skin graft. While waiting for
adequate granulation tissue to form, extreme care is necess-
ary, with minimum dressing changes performed very deli-
cately so that mechanical trauma to the bowel surface is
minimized and fistula formation is prevented.

After skin coverage is achieved, either by medial
mobilization of skin flaps, or by split thickness skin grafts
over the granulated bowel, patients are left with a large
ventral hernia, which will require staged repair at a later
date. The repair is usually carried out six to nine months
later to allow the inflammatory reaction to subside and adhe-
sions to become less vascular. A good way to check if a
patient with split thickness skin graft is ready to have it
taken off and hernia repaired is to try and pinch the skin
off the bowel. In the initial stages, the skin graft is tightly
adherent to the bowel wall, not allowing the skin to be
pinched up. With the passage of time and resolution of the
inflammatory adhesions, the skin can be pinched off
the bowel. Multiple techniques are utilized to repair the
ventral hernia and reconstruct the abdominal wall.
Ramirez et al. (79) described an innovative approach of sep-
arating the components of the multilayered abdominal wall,
and creating a complete single layered fascio-muscular
envelope for the abdominal viscera. Fabian et al. (80) popu-
larized this approach in trauma patients. This technique
allows native tissue to be utilized and avoids the need of
prosthetic meshes, with their attendant complications.
Alternatively, permanent prosthetic mesh may be used to
bridge the gap in fascia, or a combination of techniques
can be utilized. Livingston et al. (81) have described the
preoperative use of tissue expanders to facilitate tension
free repair of these large ventral hernias.

CUMULATIVE EXPERIENCE: SUPPORTING
DAMAGE CONTROL

In 2000, Shapiro et al. (29), building on the collective experi-
ence reported by Rotondo et al. (82), found a total of 1001
cases of damage control reported in the literature. In that-
collective experience, the mortality following a damage
control laparotomy was 50%, and the morbidity among the
survivors was 40%. These collective reviews have obvious

drawbacks. There is no uniformity of reporting compli-
cations, with major focus being on the abdominal compli-
cations. Also mortality was affected by many nontorso
injuries. A careful examination of the reported series
shows that all possible complications did occur, with a
very high incidence of abdominal and extra-abdominal
septic complications (82).

The very high mortality should be taken in light of the
fact that without damage control, the mortality among these
extremely ill patients would probably have approached
100%. The high morbidity too is not unexpected. The basic
premise of damage control rests on the fundamental princi-
pal of preventing impending death. This change in focus
entails a cost in terms of higher complication rate. If life is
preserved, the complications can be dealt with at a later time.

‘‘TOOMUCH,TOO OFTEN’’: THE CRITICISM OF
DAMAGE CONTROL

The changed paradigm of packing and getting out has been
criticized by some on the grounds that it has become a
“pseudo standard” of care without any randomized
studies showing true benefit. Although this may be true,
in these extremely desperate situations, it is difficult and
probably unethical to try and perform these studies. After
all, damage control techniques evolved from the frustration
felt by many experienced trauma surgeons on repeatedly
seeing patients, in whom they had invested many hours,
die postoperatively from metabolic failure. Another criti-
cism levied on the damage control techniques is that the
decision to perform damage control is based on judgment,
and not objective, clearly defined criteria. There is probably
some justification to this argument as well. It is logical to
assume that damage control techniques will be applied to
some patients who may very well have tolerated even pro-
longed and complete repairs. Clearly, this is a challenge
for the future to better define the patient requiring
damage control, so that the high complication rate of
damage control is accepted for patients who will not
survive without damage control, whereas patients who
can withstand complete repairs undergo complete repairs
and are spared the complications associated with damage
control and the risks associated with multiple surgical inter-
ventions.

Similar criticisms have been voiced against the whole
concept of abdominal compartment syndrome, and the
suggestion made that by decompressing the abdomen, the
tamponade is lost, resulting in increased bleeding. No
randomized studies have been carried out for the same
reasons outlined above. Once again, decompression was
tried in desperate situations, where multiple organs
were failing, and the function rapidly improved following
abdominal decompression. It is entirely possible that some
tamponade was lost with some increase in bleeding,
however, had decompression not been carried out, the
patient would certainly have died from failure of one or
more organ systems. Another more justified criticism of
leaving the abdomen open for preventing abdominal
compartment syndrome is that, many abdomens that could
have been closed are being left open. This subjects the
patient to the many complications associated with open
abdomens. Also, when an abdomen is left open, surgeons
are naturally reluctant to close these later, even under mild
tension, that the patient may very well tolerate. Although
some objective criteria, in the form of elevated bladder
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pressure, is available as a guide to when the abdomen
should be decompressed, the decision to continue to leave
it open, or close it under some tension, is one of pure judg-
ment. It is a challenge for the future to better define the
patient who can have the abdomen safely closed.

EYE TO THE FUTURE

The fundamental problem in patients who require damage
control procedures is traumatic shock. This is caused by the
hypovolemia from hemorrhage, and the tissue damage
caused by a large amount of energy being transferred to the
organism via the injuring object. This traumatic shock leads
to hypoperfusion and sets into motion the inflammatory
cascade. Metabolic acidosis and hypothermia worsen the
coagulopathy caused by the loss and consumption of coagu-
lation factors. Although the triad of hypothermia, acidosis,
and coagulopathy may be lethal, in certain situations, one
or more of these same harbingers of death may play a protec-
tive role. There is a large body of literature supporting the
concept that significant hypothermia may protect the organ-
ism from severe hypoperfusion. Acidosis shifts the oxygen
dissociation curve to the right, allowing for better offloading
of oxygen at the tissue level. The challenge for the future is to
be able to harness the beneficial aspects of these alterations
while limiting the deleterious consequences.

Once the systemic inflammatory cascade is set in
motion, it leads to massive capillary leak affecting all parts
of the body and negatively impacts on essential organ
system function causing multisystem organ failure. There is
ongoing research aimed at better understanding the inflam-
matory cascade and developing ways to tame it so that the
healing effects of localized inflammation are preserved
without the deleterious consequences of runaway systemic
inflammation. Similarly, as mentioned earlier, more research
is needed to better understand the concept of metabolic
failure to better define the individual patient who will not
survive without damage control, and spare the patients who
can well withstand prolonged procedures, the complications
associated with damage control, and multiple surgeries.

On the techniques front, rapid re-warming using
external warming of blood while in the bypass circuit is
being used more often. This same technique can be
advanced further to allow for the total vascular isolation of
the liver following massive liver injuries. The duration of
packing and timing of removal of packs has been suggested
as impacting on the state of systemic inflammation. If these
results are confirmed, further research could be done to
evaluate different types of packing materials to see if that
will serve to limit the degree of systemic inflammation.
Recombinant factor VII, in massive doses, has been reported
to be effective in controlling hemorrhage in some otherwise
hopeless situations.

SUMMARY

The concept of damage control, or staged repair of injuries,
evolved from the observation that complete repair of all
injuries in the multiply injured patients at the end of their
physiologic reserve often resulted in a repaired but dead
patient. These patients usually died from the lethal triad of
acidosis, hypothermia, and coagulopathy. However, the
damage control method benefits patients only if the patients
needing it are identified early, and from the beginning the

focus of all maneuvers is shifted from complete repair to
preserving life. Damage control has three distinct stages.
In the first stage, limited operation is performed aimed
at controlling life-threatening hemorrhage and stopping
further contamination from injured hollow viscera. The
second stage is the ICU phase, where physiologic restoration
occurs. This consists of reversing acidosis by complete and
rapid resuscitation, reversing hypothermia by re-warming,
and correcting coagulopathy. After this physiologic restor-
ation, in stage III, patients return to the OR for completion
of repairs and reconstructions. Because of massive resuscita-
tion, and accompanying visceral edema, patients often have
their abdomens left open, requiring different methods of
temporary closure and, sometimes, creation of a planned
ventral hernia to be repaired six to nine months after the
initial trauma. Although no prospective randomized trial
has ever been conducted to prove the efficacy of these tech-
niques, there is good, class II, evidence from the observation
of experienced trauma surgeons that is well reported in
the literature. The challenge for the future lies in better iden-
tifying the patients who will not survive without damage
control so that others, who are likely to do well without
damage control, are spared the risks of this form of therapy.

KEY POINTS

The term “damage control” was originally coined by
the U.S. Navy in reference to “. . . the capacity of a
ship to absorb damage and maintain mission integrity”
(1). In a severely injured patient, this term is used to
indicate the sum total of all maneuvers utilized to,
above all else, maintain patient survivability.
Planning for damage control should start early in the
resuscitation suite or OR by identifying patients who
may need restoration of metabolic homeostasis prior
to undergoing prolonged surgery.
Rapid control of hemorrhage from the lungs can be
achieved by placing a DeBakey aortic clamp at the
root of the lung in the emergency department or in
the OR.
Temporary control of bleeding from the cardiac
chambers can be obtained by digital compression or
the use of a skin-stapling device (11).
Major hepatic resection for treatment of acute trauma
carries a very high mortality even in the hands of an
experienced trauma surgeon (15). Hence, other tech-
niques of controlling hemorrhage should be initially
utilized.
In patients with high-grade spleen injuries (AAST
grades III, IV, and V) (24), splenectomy is the procedure
of choice for damage control.
Pancreatic resections and reconstructions are delayed
until the time of re-operation (28).
Rapid control of GI contamination is an essential part of
damage control.
Nephrectomy, after confirming the presence of the con-
tralateral kidney, is the procedure of choice in patients
who require damage control and are bleeding from an
injured kidney (29).
In the damage control situation, time-consuming ureteral
and collecting system repairs or complex procedures
for ureteral length loss are not indicated. Rather, tempor-
ary urinary diversion techniques are employed.
Large pelvic hematomas, associated with pelvic frac-
tures, are best dealt with by angioembolization.
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In patients who have developed coagulopathy and
resultant diffuse nonsurgical bleeding, packing may
be life saving (4,37–40).
In situations where ligation of the injured artery or vein is
utilized during damage control, the patient will require
prophylactic fasciotomy to prevent myonecrosis (33).
The method of temporary closure should be such that it
can be performed rapidly, prevent heat loss from the
internal viscera, protect the swollen viscera, and allow
relatively free egress of the large amount of fluid that
may accumulate within the cavity with continued
resuscitation.
The goals of stage II resuscitation in the ICU are the res-
toration of physiologic homeostasis including intravas-
cular volume repletion, active rewarming, and reversal
of coagulopathy.
Trauma patients in the ICU who are likely bleeding
from smaller vessels or easily accessible sources are
best served by re-operation with application of the
damage control principles, whereas patients who are
likely bleeding from larger vessels or from areas that
may be difficult to access surgically are best served by
angiographic embolization.
The incidence of missed injury during the damage
control surgery has been reported to be as high as
15% (77).
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INTRODUCTION

The face is one of the most significant parts of the body. It is
involved in many of our senses—sight, smell, taste, and
hearing. It is how we eat and breathe. It is involved with
communication, either verbally, or more importantly, non-
verbally. We use it to smile, to frown, and to cry. It is how
we project, to others, so many of our thoughts and feelings.
For these reasons facial injuries or disfigurement tend to take
on more significance, at least psychologically, than injuries to
other anatomical regions. Phipps and Shelton (1) presented a
case where medical treatment was forgone, on the basis that
the patient, although having survivable injuries, would be
left without a face.

It is important that medical staff, especially in the acute
phase, do not allow these emotive issues to effect their clinical
judgment and management of these patients. A systema-
tic approach, using the Advanced Trauma Life Supportw

(ATLSw) guidelines, will minimize the effect of emotion on
clinical judgment and management of facial injuries (2).

Historical Management Review
In 1862, Edwin Smith (3) bartered for, and obtained, an
ancient medical text inscribed with Egyptian Hieroglyphics
on papyrus. This document, written around 1700 B.C.,
based on texts written around 2640 B.C. (in the time of
Imhotep), is now known as the “Edwin Smith Papyrus.”
This ancient scroll included instructions on the management
of mandibular dislocations: “An ailment to be treated,” and
open mandibular fractures: “If thou examinist a man having
a fracture in his mandible . . . and find that fracture crepitat-
ing under thy fingers, thou shouldst say concerning him:
One having a fracture in his mandible, over which a
wound has been inflicted (and) he has fever from it. An
ailment not to be treated.” The implication of the admonish-
ment regarding the open and infected mandible fracture was
that death was to follow, presumably from sepsis.

Hippocrates in 460 B.C. gave the first description of
closed reduction of a mandibular fracture, with mandibulo-
maxillary fixation (4). “Displaced but incomplete fractures of
the mandible where continuity of the bone is preserved
should be reduced by pressing the lingual surface with the
fingers while counterpressure is applied from the outside.
Following the reduction, teeth adjacent to the fracture are
fastened to one another using gold wire.”

In 1869, a ship’s carpenter, “Mr. Thomas,” pioneered
open reduction with internal fixation, after a friend was
struck with a piece of timber aboard ship. “There was
great mobility of the fractured part. My assistant kept him
steady with a piece of wood directed across his face whilst

I drilled a hole through the jaw. A strong silver wire was
passed through . . . and drawn tight, making the fracture
firm. The site was tightened every four days. In four weeks
it was sufficiently secure to allow the wire to be removed
and the jaw used” (5).

In the early 1900s Rene LeFort (6) used cadaver studies in
an unsuccessful attempt to show that underlying facial bone frac-
tures could be predicted from the soft tissue injuries. The

pattern of facial features could not be predicted by the over-
laying soft tissue injuries. He noted three common sites
for horizontal fractures of the maxilla. He called these the
three great weak lines (lineal minores resistentiae). Midface
fractures are commonly classified according to the highest
weak line involved in the fracture. The LeFort classification
system remains the basis of description of midfacial injuries.

Epidemiology
Shapiro and others (7) examined the incidence and etiology
of facial fractures by reviewing the records of over 13,000
level one trauma center patients. Of all trauma admissions
10.5% had sustained at least one facial fracture. Of patients
with facial fractures the overall mortality was 8.7%. There
was a 3:1 male to female ratio. Traffic accidents were the pre-
dominant etiology (60%) followed by blunt interpersonal
trauma (19%). Facial fractures were more likely in unrest-
rained traffic accident victims, 15.4% against 9.5% of
restrained victims. Nonhelmeted motorcyclists were more
than four times more likely to sustain facial fractures
(18.4% vs. 4.3%) than helmeted patients were. They also
examined the association between intoxication and facial
injuries. They found that 45% of patients with facial fractures
were legally intoxicated upon arrival in the trauma center.
Forty percent of patients in the traffic accidents group were
legally intoxicated compared to almost 75% in the inter-
personal violence group.

Iida and others presented to the Osaka University (8)
a retrospective analysis of more than 1500 patients over a
15-year period. The male to female ratio was 2.8:1. The
largest subgroup of patients was between 10 and 29 years
of age. The major cause of injury was traffic accidents
(52%) including those from motorcycles, bicycles, and cars.
Other causes included falls (16%), assaults (15%), and sport-
ing accidents (10%). The most common injuries reported
were isolated mandibular fractures (57%) and isolated
midface fractures (26%) (8).

Hogg et al. (9) reviewed the epidemiology of maxillo-
facial skeletal injuries in almost 3000 severely injured
patients (ISS .12) admitted to trauma hospitals in Ontario,
Canada. The median age was 25 years. The male to female
ratio was 3:1. Most injuries occurred during evening hours,
on weekends, and in the summer. Seventy percent were
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due to road trauma. Three percent were due to penetrating
trauma. Thirty percent of injuries occurred in people
employed in the construction trades.

Fischer (10) reviewed the records of 148 patients
with mandible fractures related to motor vehicle accidents
(Table 3). The male to female ratio was 2:1. Although pre-
senting over a wide age range (3–77 years), the peak inci-
dence was in the second and third decades of life. Tay (11)
reviewed 74 mandibular fractures managed in a craniomax-
illofacial trauma center. Eighty-five percent of the patient
population was male, with a mean age of 27.5 years. In
Haug’s series (12) of facial fractures, 85% were male, with
over half the patients aged between 16 and 30 years.

Fridrich (13) reviewed the records of over 1000
patients with mandibular fractures. The most common age
group was 20 to 29 years. There was a 3:1 male to female
ratio. Interpersonal violence contributed to about half of
the fractures, and motor vehicle accidents approximately
one-third. Hackl (14) found a male to female ratio of 70:30.

Gunshot wounds (GSW) of the face are an increas-
ingly common problem in many urban trauma centers.
Demetriades et al. (15) did a retrospective analysis of about
250 GSWs to the face. This represented about 6% of all
GSWs. More than 95% of the victims were male, with a
mean age was 27 years.

From the age distributions reported in these epidemio-
logical studies, it can be implied that most patients will not
have pre-existing comorbidities, (as opposed to coexisting
injuries). Epidemiological studies suggest that the
patient with a presenting facial fracture is likely to be a
young intoxicated male, who has been involved in a motor

vehicle accident or interpersonal violence. The incidence
of pre-existing comorbidities (as opposed to concurrent
injuries) is likely to be low.

ANATOMYOFMAXILLOFACIAL STRUCTURES
Normal Anatomy of the Face
The face is made up of 14 bones—two maxillae, two nasals,
two lacrimals, two zygomatics, two palatines, two inferior
nasal conchæ, vomer, and mandible (16). Fractures involving
the facial bones may also extend into the sphenoid and
ethmoid bones.

The maxillae are paired facial bones containing the
upper dentition and the maxillary sinus. The left and right
maxillae articulate with each other at the intermaxillary
suture. The frontal and zygomatic processes articulate with
the frontal and the zygomatic bones respectively. The
orbital plate forms the floor of the orbit. The palatine
portion forms the anterior half of the hard palate. The
alveolar process contains the upper dentition.

The nasal bones are small rectangular structures that
together form the bridge of the nose. The lacrimal bones,

the smallest and most fragile of the facial bones, form the
anterior portion of the medial wall of the orbit. The lateral
surface faces the orbit, while the medial surface forms part
of the nasal passage.

The zygomatic bone possesses three major processes,
each of which articulates with an adjacent bone. The
frontal process articulates with the frontal bone. The tem-
poral process articulates with the temporal bone. Together
these two processes form the zygomatic arch. The maxillary
process articulates with the maxilla.

The paired palatine bones form the posterior portion
of the hard palate as well as part of the floor of the nose.
The inferior nasal concha is a very thin fragile bone attached
to the lateral wall of the nasal cavity and projecting into the
cavity. The vomer is a single flat bone forming the postero
inferior portions of the nasal septum. It attaches to the
septal cartilage of the nose.

The mandible, the largest and strongest bone of the
face, consists of a body and left and right rami. The alveolar
process of the body contains the lower dentition. The man-
dibular condyle, at the end of the ramus, articulates with
the temporal bone at the temporo-mandibular joint. The
coronoid process is also part of the ramus and is the site of
attachment of the temporalis muscle.

Anatomy of the Base of the Skull
The anatomy of the base of skull is relevant to the trau-
matologist as there is a common association between facial
fractures and fractures of the base of skull. The fractured
base of skull has important implications for airway manage-
ment.

The base of the skull consists of the ethmoid, frontal,
sphenoid, temporal, and occipital bones. It is divided into
three fossa. The anterior cranial fossa is almost entirely com-
posed of the frontal bone. The ethmoid contributes the
midline cribriform plate, while the midline sphenoid bone
also makes a contribution through its lesser wings and
part of the body (17). Most of the body is in the middle
cranial fossa, with the wings of the sphenoid and the tem-
poral bone making up the lateral components. The posterior
cranial fossa is formed by parts of the sphenoid and
temporal bones and the occipital bone (Figs. 1, 2, 3) (17,18).

Figure 1 Axial view of base of skull. Source: From Ref. 17.

Table 1 Mandible Fractures and Associated Injuries from

148 Motor Vehicle Accidents

Cases Percentage

Male 100 67.6

Female 48 32.4

With associated injuries 147 99.3

Without associated injuries 1 0.3

Mortality 12 8.1

Source: From Ref. 10.
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MECHANISMS OF INJURYAND INJURY PATTERNS

Maxillofacial fractures can result from either blunt or
penetrating trauma.

Blunt
Blunt injuries, which are far more common, include those
due to motor vehicle accidents, blunt interpersonal trauma,

sports-related trauma, occupational injuries, and falls.
In patients with blunt trauma to the face, the energy of
impact is transmitted through the stronger portions of the
facial skeleton. As the forces are transmitted, fractures
tend to occur at positions of weakness, depending on the
amount and direction of the applied force and the point of

impact. Blunt trauma to the zygoma causes fractures
along the processes of the zygoma or the zygomatic
processes of the adjoining bones. In blunt trauma to the
orbit, the force is transmitted through the orbital contents
to the thin, weak floor of the orbit. The LeFort fractures
occur along the horizontal lines of weakness in the middle
third of the face.

The mandible, in conjunction with the temporo-
mandibular joints (TMJ), and the base of the skull form a
semi-rigid ring. The stiffer a ring is, the more likely it is to
break in more than one place. Conversely, with a more flex-
ible ring, there is an increased probability of just one break.
The mandible has some flexibility due to mobility around
the TMJ and also the tendency of the TMJ to absorb some
forces. Fractures often occur in two places of the ring, in
a manner similar to pelvic fractures. Tay (11) reported
that 34% of their mandibular fractures were single. The
remainder involved two or more anatomical sites.

This leaves a mobile anterior fragment, to which the
tongue is attached. This fragment, with the tongue, tends
to be displaced posteriorly by gravity in the supine patient,
potentially causing upper airway obstruction.

Hudson et al. (19) conducted a study aiming to
produce facial fractures similar to those occurring in
motor vehicle accidents when the face of an occupant
strikes the steering wheel, windscreen, or dashboard (19).
Such injuries may be seen in victims restrained by lap seat-
belts (as opposed to lap and shoulder harnesses) or in
patients who vector over the top of an airbag. Unem-
balmed cadaver heads, fixed to a supporting device, were
impacted with a steel pipe at average speeds of 7.2 m/
sec. The most common fracture induced was of the
frontal sinus. Eighty percent of the skulls suffered naso-
orbito-ethmoid fractures involving the cribriform plate.
LeFort I fractures were found in 20%, LeFort II fractures
in 35%, and LeFort III fractures in 15%. The squamous
portion of the temporal bone fractured in two skulls,
both of which had hypoplastic frontal sinuses. This
finding raises the possibility of the face acting as a
crumple zone. In people with hypoplastic sinuses the face
may be ineffective at absorbing these forces, leading to
the transmission of force to the rest of the cranial structures
and its contents. Their data found that the tolerance to
force of the facial bones of men and women were similar.
In contrast, Nahum (20) reported that women have a con-
sistently lower force tolerance level than males, with
respect to maxillofacial skeletal fractures.

Sturla et al. (21) also found that a well pneumatized
and developed frontal sinus, which may distribute the
energy of impact, provides protection. The bones of the
midface, especially around the paranasal sinuses, are quite
thin. This has been described as a crumple zone, such as in
a racing car, which absorbs the anterior forces and protects
the cranium. However, Martin et al. (22) in examining the
records of over 7000 blunt trauma patients compared the
severity of head injury in patients with and without facial
fractures. They were unable to demonstrate that facial frac-
tures had any protective effect with respect to brain injury.
Keenan et al. (23) found that facial fractures among cyclists
were markers for increased risk of brain injury. The oddsFigure 3 The skull from the front. Source: From Ref. 17.

Figure 2 Midline sagittal section of base of skull and

pharynx. Source: From Ref. 17.
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ratio for the risk of intracranial injury associated with facial
fractures after adjustment for significant confounders was
9.9 (95% confidence interval, 5.1–19.3).

Penetrating
Penetrating injuries include GSWs, stabbing, and explosions.
The mass, density, and shape of the striking object, as well
as speed of impact, directly affect type and severity of
facial injury acquired. The injury pattern after penetrating
trauma depends upon the amount of force absorbed by the
face and surrounding tissues.

Demetriades et al. (15) in their analysis of GSWs to the
face, found that the mandible was the most commonly frac-
tured facial bone (54 of 247 cases). The maxilla and zygoma
(21 cases each), orbit (18 cases), and nasal bones (15 cases)
followed.

FORCES INVOLVED

It takes significant force to break some of the facial bones.
The amount of force required to fracture various facial
bones may be classified as high impact [greater than 50
times the force of gravity (g)] or low impact (less than
50 g) (Fig. 4) (Table 2) (23). These forces are in compari-
son with the forces associated with other injuries in
Table 3 (24).

COMMONMAXILLOFACIAL INJURIES

Fractures of the face are usually classified into one of three
categories: (i) lower third (mandible); (ii) middle third
(zygoma, maxilla and nasal bones); (iii) upper third
(frontal bones).

Mandible
The most common anatomic site for mandibular fractures is
the body of the mandible, from the symphysis to the angle of
the mandible, including the alveolar ridge. In Azevedo’s (26)
series of over 10,000 mandibular fractures, over 40% were
from this site.

Almost one quarter occurred in the ascending ramus
of the mandible (between the condyle and the angle). The
remainder of the fractures were multiple or the fracture
site was not specified in the database. Three quarters of the

mandibular fractures were closed. In Fridrich’s series, one
quarter of mandibular fractures were at the mandibular
angle (13). This site was especially prominent in fractures
resulting from interpersonal violence. Condylar, symphysis,
and alveolar fractures were more commonly the result of
motor vehicle accidents.

A bilateral fracture of the body of the mandible is
known as the “Andy Gump” fracture. Andy Gump was a
chinless cartoon character developed by Sidney Smith, first
appearing in 1917. In the supine patient, the fracture
segment, with the attached muscles of the tongue, will fall
backwards, causing airway obstruction at the oropharyngeal
level. Grasping the fracture segment and pulling it forward
easily relieves the obstruction. Positioning the patient in
the lateral position will enable gravity to help prevent a
recurrence of the obstruction. Care with such movement
obviously needs to be taken in patients at risk of cervical
spine injury. Although bag mask ventilation may be difficult
with this injury, intubation is not generally difficult.

LeFort Fractures
Midface fractures are commonly classified according to the
three LeFort types. This classification is based upon the
level of the highest fracture (27). Patients may have different
level fractures on either side of the face (Fig. 5).

LeFort I
A horizontal fracture of the maxilla separates the hard palate
from the remainder of the maxilla. The fracture segment has
the appearance of a complete upper denture. The fracture
extends through the lower third of the nasal septum. It

Table 3 Forces Required to Injure Various Bony and Soft

Tissue Structures

Structure Force required for injury

Transection of vertebra 200–300�g

Fractured pelvis 100–200�g

Transection of aorta 80–100�g

Intimal tear of aorta 50�g

Atlantocciptal disruption 20–40�g

Compression fractures of vertebral

column

20–30�g

Abbreviation: g, force of gravity.

Source: From Ref. 25.

200G

80 G

30 G

50 G

70 G

100 G

Figure 4 The forces (in g) required to break the various facial

bones. Source: From Ref. 23.

Table 2 Facial Bones Separated into High (.50�Gravity),

and Low (,50�Gravity)

Facial structures Force required to fracture

High impact group (.50�g)

Supraorbital rim 200�g

Frontal-glabellar 100�g

Symphysis mandible 80�g

Angle of mandible 70�g

Low impact (�50�g)

Zygoma 50�g

Nasal bone 30�g

Abbreviation: g, force of gravity.

Source: From Ref. 24.
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involves the maxillary sinus, and is therefore, by definition,
“open.” The fracture is below the level of the infraorbital
nerve and thus does not cause hypoesthesia.

LeFort II
A pyramidal fracture starts at the nasal bone, extends
through the lacrimal bone, and then courses downward
through the zygomaticomaxillary suture. It courses poster-
iorly through the maxilla and below the zygoma into the
upper pterygoid plates. Because the fracture extends
through the maxilla, near the exit of the infraorbital nerve,
hypoesthesia in its distribution is often present. The nerve
supplies sensation to the lateral surface of the nose, the
lower eyelid, and the skin and mucous membranes of the
cheek and the upper lip.

LeFort III
This fracture separates facial bones from cranium, causing
the face to appear long and flat (i.e., dish face). This fracture
is also known as craniofacial disjunction. Like the LeFort II
fractures, this fracture also starts at the nasal bridge, but
then extends posteriorly through the ethmoid bones and lat-
erally through the orbits below the optic foramen, through
the pterygomaxillary suture into the sphenopalatine fossa.

Nose
Simple nasal fractures are the most common of all facial frac-
tures. They are usually seen in the context of direct trauma.
These simple nasal fractures must be distinguished from the
more serious nasoethmoidal fractures. Surgical management
is aimed at relieving nasal obstruction and minimizing devi-
ation of the nasal bones and cartilage.

Nasoethmoidal Fracture
The nasaoethmoid region is a complex area comprised of the
bones of the nose, orbit, maxilla, and skull. By definition,
nasoethmoidal fractures involve disruption of the inferior
orbital rim, the lateral nasal bones, the medial orbital wall,

and the frontal process of the maxilla. The medial canthal
tendon attaches to the medial orbital wall, and is therefore
displaced. These fractures commonly present with rounding
of the medial canthus and traumatic telecanthus. These frac-
tures are frequently reduced openly via a coronal scalp flap.
Nasoethmoidal fractures extend into the nose through the
ethmoid bones. Fractures through the ethmoid are prone to
leaks of the cerebrospinal fluid (CSF), relating to dural tears.

Zygoma
Zygomatic arch fractures tend to occur in two to three places
along the arch. Often three breaks occur, one at each end of
the arch and a third in the middle, forming a V-shaped frac-
ture. This segment may impinge on the temporalis muscle
below, causing trismus.

Zygomaticomaxillary (tripod) fractures result from a
direct blow to the cheek. Fractures occur close to the articu-
lations of the zygoma with the frontal and temporal bones
and the maxilla. The fracture may extend into the orbital
floor. Because the infraorbital nerve passes through the
orbital floor, hypoesthesia often occurs.

Orbit Injuries
Approximately 60% to 70% of all facial fractures will involve
the orbit. Those that usually do not are the LeFort I, and
simple nasal, and zygomatic arch fractures (28). With
direct blows to the orbit, the increased pressure within the
orbit causes a fracture at its weakest point—the floor. This
is commonly known as a blowout fracture (Fig. 6) (29).

Figure 5 The fracture lines of the midface—per the classification

of LeFort. Fracture line “A” (transmaxillary) results is a LeFort I.

Fracture line “B” is sometimes called a “pyramidal” fracture

because of its shape; this is a LeFort II. Fracture line “C” results in

a LeFort III cranial facial disjunction. Source: From Ref. 27.

Figure 6 (A) The normal orientation of the orbit is shown. (B)

External pressure forcing a blowout fracture of the orbital floor

with incarceration of the inferior oblique and inferior rectus.

Source: From Ref. 29.
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With this pattern of fracture, the inferior muscles of the orbit
may herniate through the fracture, becoming entrapped and
thereby limiting free movement of the globe. This can cause
diplopia, especially on upward gaze.

Fractured Base of Skull
Two percent to four percent of patients with facial fractures
have an associated fracture of the base of skull (30,12). Cruse
et al. (31) found that 40% of their patients with nasoethmoid
orbital fractures had CSF rhinorrhea. These patients must
therefore have some connection between the subarachnoid
space and the nasal cavity. Almost three-quarters of the
patient group also had an associated LeForte II or III fracture
(Fig. 5).

A base of skull fracture has important implications for
anaesthetists due to the potential or actual communication
between the airway and the intracranial cavity. If there is
an associated dural tear, the communication will extend
into the subarachnoid space. There is therefore a risk of
meningitis due to nasopharyngeal bacteria, which have
uninhibited access to the meninges. Infection occurs in
about 5% of patients with fractured base of skull and
about 10% of those with a CSF leak (32).

There has also been a theoretical concern that a nasal
endotracheal tube may increase the risk of meningitis in
those patients with a base of skull fracture. However, in
their review of 160 cases with base of skull fractures, Bähr
and Stoll (33) found no differences in complications
between oral and nasal intubation.

There is also a chance that instrumentation of the
upper airway can lead to the instrument passing through a
defect in the skull, into the intracranial space. There have
been numerous case reports of nasogastric tubes entering
the intracranial cavity (34–38). This high incidence may be
because of their small diameter and lack of control over
direction during insertion. The site of entry into the cranial
vault is via the cribriform plate in 71% of cases or, less
frequently, the sphenoid sinus, both midline structures
(35). Ferreras (39) reported a case of complex craniofacial
fracture in which a nasogastric tube was positioned intracra-
nially. In this case the tube was positioned 48 hours after
admission, not during the urgency of the resuscitation. The
tube was quickly removed through the nose, and the
patient was discharged without neurologic problems.

There have been three case reports of endotracheal
tubes (all inserted nasally) entering the skull. In two of
these cases, the patients were adults with significant facial
trauma (40,41). These two patients were intubated nasally
as part of their resuscitation. Both patients had associated
base of skull fractures, and both subsequently died. The
third patient was a premature neonate undergoing routine
nasotracheal intubation (42). There was no pre-existing
trauma. This patient suffered extensive intracranial hemor-
rhage, but subsequently survived. In all three cases, the
endotracheal tube entered the anterior cranial fossa.

On account of the risk of inadvertent intracranial place-
ment of the nasotracheal tube, the presence of a base of skull
fracture is considered a contraindication to nasotracheal
intubation (43–45). Others, however, disagree.

Rhee et al. (46) performed a retrospective, case-control
study looking at the complication rate in patients with base
of skull fractures in whom nasotracheal intubation was
attempted in field by a flight nurse. They excluded those
patients with an obvious mobile midface. In the 86 patients
with skull base fractures, they found no differences in

complication rates, whether the patient underwent nasotra-
cheal intubation or not. There were no episodes of intracra-
nial tube placement. Rosen (47) studied the records of 311
patients with facial fractures, among them, eighty two
underwent blind nasal tracheal intubation. There were no
cases of intracranial placement. From this they concluded
that the presence of facial trauma was not a contraindication
to nasotracheal intubation. Whether these studies are
large enough to make these comments about a potentially
devastating complication is unknown.

Other forms of airway instrumentation are not without
risk. Schade et al. (48) reported a patient, from the
prehospital setting, who had a nasopharyngeal airway
placed intracranially, (Fig. 7). The trauma center computed
tomography (CT) showed a fractured base of skull, in
association with a right LeFort III and a left LeFort II fracture.
The patient also had subarachnoid and intracerebral
hemorrhages and a pneumocephalus. There is even a case
report of a Foley catheter being inserted to control severe
nasopharyngeal bleeding (49). The resultant cerebral
damage from penetration into the brain was fatal.

The roof of the nasal space is formed anteriorly by the
nasal bones and nasal spine of the frontal bone, centrally by
the cribriform plate of the ethmoid bone and posteriorly by
the body of the sphenoid. In order for a nasotracheal tube
to enter the cranial cavity, it must pass through one of
these midline structures. It is unlikely that a nasal intubation
would pose any hazard to a fracture through the petrous
part of the temporal bone.

The floor of the nasal cavity is formed by the palatine
process of the maxilla anteriorly and horizontal plate of the
palatine bones posteriorly. A nasal tube would usually be
inserted along the floor of the nose. The base of the skull
makes a 458 angle to the floor of the nose. For the tube to pene-
trate the cribriform plate or frontal bone, it would have to
deviate significantly from this path. However, where a
compound fracture of the body of the sphenoid is present,
even a correctly inserted nasotracheal tube might be at risk

Figure 7 CT of brain demonstrating intracerebral placement of

nasogastric tube (meant to be placed into the nasopharynx, through

the esophagus, and into the stomach). This tube is seen coiled

within the bony calvarium. Source: From Ref. 48.
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of entering the middle cranial fossa. Indeed, there is a case
report of an orogastric tube passing through a fractured sphe-
noid bone and into the middle cranial fossa (Fig. 8) (50). The
patient was a child with massive facial injuries in a motor
vehicle accident. The tube was inserted in the resuscitative
phase of management. The child succumbed to the injuries
sustained in the original accident.

ATLS recommends the oral route of gastric intubation
in patients with facial trauma, and the current literature
strongly supports this position (2).

On account of these risks, the anesthetist needs to have
the utmost care in any instrumentation of the nasal and
nasopharyngeal passages with endotracheal tubes, naso-
pharyngeal airways, and nasogastric tubes or nasal tempera-
ture probes. The trauma anesthetist must be aware of the
location of fractures within the base of skull and use this
knowledge to avoid iatrogenic injuries. Indeed, in the

setting of cribriform plate injuries, or basal skull fractures,
nasal tubes should only be placed under direct vision of a
fiberoptic bronchoscope. Blind passage of nasal tubes in
this setting is contraindicated.

Signs
Pretto Flores et al. (51) performed a study to determinate the
positive predictive values of selected clinical signs for skull
base fractures. The clinical signs examined were unilateral
or bilateral blepharohematoma (periorbital hematoma),
bloody otorrhea, and Battle’s sign (postauricular ecchymo-
sis). Frontal bone fractures were the most frequent in
patients with selected clinical signs. The positive predictive
values for skull base fractures were Battle’s sign (100%)
and unilateral blepharohematoma (90%) bilateral bleph-
arohematoma (70%) and bloody otorrhea (70%).

“Raccoon eyes” (periorbital hematoma) are easily
recognized and are associated with basal skull fractures.
Fernando et al. (52) studied the relationship between skull
base fracture and the “raccoon eyes” sign in cadavers with
either blunt or penetrating (gunshot) trauma. When the
“raccoon eyes” sign was present unilaterally it was associated
with a skull base fracture in 74% of cases. When the sign was
present bilaterally it was associated with basal fractures in 77%
of cases. When any base of skull fracture was present, raccoon
eyes were found in 63% of cases. As may be expected anatomi-
cally, frontal bone fractures were most commonly (78%)
associated with “raccoon eyes,” compared with sphenotem-
poral fractures (47%) and occipital fractures (50%). Charles
Deakin (53) noted two cases with raccoon eyes, but without
evidence of either facial or cranial trauma. Other signs associ-
ated with fractures of the base of skull include deafness,
vertigo, and 7th Nerve palsy. Goh et al. (54) performed
5 mm CT scans of 500 consecutive head injured patients. Of
the 99 patients with CT diagnosed fractured base of skull, 22
of them had no signs.

ASSOCIATED INJURIES

Fisher et al. (8) (as shown in Table 4) demonstrated that
almost all mandibular fractures acquired in motor vehicle
accidents have other coexistent injuries. Almost two thirds
of these were judged to be potentially life threatening.
There was an 8% mortality rate due to coexistent injuries.
These included intraabdominal and thoracic injuries, and
cervical spine and skull fractures. Twenty-seven percent of
patients had a thoracic injury, 19% an abdominal injury
and 15% a cervical spine injury (Table 2, Fig. 9).

Carlin (55) reviewed a group, two thirds of which
acquired their facial injuries in vehicular accidents. Eighty-
nine percent had sustained significant associated injuries.
Most commonly documented notes were closed head
trauma with loss of consciousness (40%). Extremity fractures
(33%), thoracic trauma (29%), and traumatic brain injuries
(25%) also occurred commonly. Only 11% of patients had
no concomitant injury.

Not surprisingly, Major et al. (56) found that depen-
dant upon the type of restraint used in the car, different
patterns of associated injuries occurred in those with maxil-
lofacial injuries. In those patients who were unrestrained,
there was a higher incidence of closed head and spinal
injuries. Occupants of cars with airbags who were unrest-
rained had a high incidence of hip and lower limb fractures,
possibly from “submarining” under the airbag.

Figure 8 Lateral skull X ray demonstrating intracranial

placement of an orogastric tube (arrow). Source: From

Ref. 50.

Table 4 Injuries Associated with Mandibular

Fractures by Body Region

Region Cases Percentage

Skull 64 43.2

Face 78 52.7

Cervical spine 22 14.9

Chest 40 27

Abdomen 28 18.9

Upper extremity 41 27.7

Lower extremity 75 50.7

Source: From Ref. 24.
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Haug et al. (11) found a 4.4% incidence of cranial frac-
tures in 882 patients with facial fractures. Tung-Chain Tung
conducted a retrospective study involving 1025 patients
with facial fractures admitted to a Taiwan’s Chang Gung
Memorial Hospital (57). Six percent of the patients with
facial fractures required life saving intervention. These
included 21 patients with cerebral trauma requiring cranio-
tomy, 19 with hemorrhagic shock, 17 with airway compro-
mise, and seven with pulmonary injuries that were severe
enough to necessitate tube thoracostomy.

Hogg et al. (58) studied the injuries most commonly
associated with maxillofacial fractures. Most commonly
associated was an injury to the head and neck area. Of
these, most of them had an altered level of consciousness
or injuries to the skull, brain, or cranial vessels. Boole et al.
(59) examined fractures in over 4000 serving soldiers.
Almost 10% had intracranial injuries and 5% internal
injuries. Upper limb fractures were found in 6%, as were
lower limb fractures.

Cruse (31) found that 60% of their naso-ethmoid-
orbital fracture patients had associated nonfacial injuries.
Demetriades brain trauma was found in 17%, and cervical
spine fractures were found in 8% of patients with GSWs to
the face (15). More than one in six patients required emer-
gency airway control because of local hematoma or edema.
There were 36 deaths (14.5%) from severe brain injury or
severe bleeding from associated chest or abdominal injuries.
There were no deaths related to isolated GSWs to the face.

Head Injury
Derdyn (60) retrospectively evaluated the outcome of
patients with combined neurological injury and facial frac-
tures. He found that those patients with an intracranial
pressure (ICP) of greater than 15 mmHg tended to do
worse with early (,3 days) facial fracture repair. In patients
with an ICP less than 15, early fracture repair was not associ-
ated with a significant increase in morbidity or mortality.
They also found that the presence of a CSF leak was not a
contraindication to early repair.

Air in the subdural or subarachnoid spaces implies a
tear in the dura. Pneumocephalus occurs in 8% of paranasal
sinus fractures (61). It can also develop in relation to frac-
tures of the base of the skull or of the mastoid air cells.
Increases in pressure within the upper airway may cause
air to enter the cranial vault under tension, causing a
tension pneumocephalus. This increase in pressure may
occur with positive pressure mask ventilation. Many
anesthetists use low flow oxygen down the suction port of

the bronchoscope during fiberoptic intubations. This is
used, instead of suction, to improve vision in the presence
of secretions. This pressure may also cause gas to enter the
cranial vault under pressure. The passage of gas from the
nasopharynx into the intracranial cavity may also carry
nasophayngeal bacteria.

Cervical Spine
Hackl (14) examined the records of over 3000 patients aged
ten years or older, with facial injuries. Over 6% of these
patients had experienced a concomitant cervical spine injury.
These patients were more likely to have acquired their
facial injuries in high force incidents (vehicular accidents)
compared to those without spinal injuries (e.g., sporting
accidents). Those with spinal cord injuries were also more
likely to have concomitant brain injuries.

Eyes
Poon analyzed major trauma patients (injury severity score
.15) admitted to Sydney’s Royal Prince Alfred Hospital
(61). Sixteen percent of all major trauma admissions had
ocular or orbital trauma. Over 50% of patients with facial
injuries had ocular or orbital injuries, many of which were
vision threatening. The trauma critical care intensivist
should ensure that these injuries are assessed by an ophthal-
mologist as part of the their early trauma management.

Pelletier (63) noted that of 127 charts reviewed for evi-
dence ocular, forty-one of these patients were seen by an
ophthalmologist as the initial consultant for ocular and
orbital injuries recognized by the emergency staff. In
the remaining patients, 72% had signs of potential ocular
injury recorded in the chart, yet an ophthalmology consul-
tation was requested for only 37 of them.

It is also important that the traumatologist understands
the basics of ocular trauma, in order to accurately balance
the risks and benefits of airway management and other inter-
ventions which may have an impact on the recovery from,
or maintenance of, vision. Mechanical eye injuries can be
classified as either open globe (injury with full thickness
wound to the corneosclera) or closed globe (injury without
full thickness defect of the corneosclera) (Fig. 10) (64).

If the clinical situation allows sufficient time, the
trauma anesthetist should discuss with an ophthalmologist
the probable visual outcomes, and the potential for
anesthetic interventions that would adversely affect this.

Intraocular Pressure
The sclera of the globe is inelastic, meaning that small
changes in volume can lead to large changes in intraoccular
pressure (IOP). The volume of the contents of the globe is
affected by aqueous humor production and drainage, arter-
ial blood flow into the globe, and venous drainage from the
globe affect. The intraoccular pressure normally varies
between 10 and 22 mmHg. This physiological variation in
intraoccular pressure is predominantly due to small
changes in the volume of aqueous humor. The balance
between the rates of its formation and drainage determines
the volume of aqueous humor. Aqueous humor is formed
by both active and passive mechanisms. Drainage is via
the trabecular network at the periphery of the anterior
chamber, into Schlemm’s canal, and then into the episcleral
venous system. Venous congestion, such as those that may
occur with vomiting or coughing, can interfere with drai-
nage of aqueous humor and increase the IOP. A cough can
increase the IOP to 60 mmHg. Intraoccular masses, such as

Figure 9 The relationship among age, mandible fractures, and

life-threatening injuries: , mandible fracture; , death; A ,

intra-abdominal and thoracic injury; , cervical spine injury; ,

closed head injury and skull fracture. Source: From Ref. 10.
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hematoma, can also increase the IOP. Other influences on the
IOP include external pressure on the globe, such as contrac-
tion of the extraoccular muscles or orbicularis occuli, and
orbital masses, such as tumor or hematoma.

Anesthesia and Intraocular Pressure
Succinylcholine has been shown to cause an increase in the
IOP. This rise in the IOP is of no significance in patients
without occular trauma or disease. Pandey et al. (65)
studied the time course of the intraoccular hypertension pro-
duced by succinylcholine. They showed that IOP increased
within one minute, and was maximal at 8 mmHg two to
four minutes after the succinylcholine administration and
returned to baseline six minutes after injection. Two other
studies by Cook (66) and Kelly found similar results. Cook
found that succinylcholine caused an increase in the IOP
which reached a peak one to two minutes after injection,
and returned to baseline at 10 minutes. Kelly (67) showed
that the IOP reached the peak 1.5 minutes after succinyl-
choline injection and returned to the baseline five minutes
after injection.

Hofer et al. (68) studied the relationship between intra-
ocular pressure and extraocular muscle activation in cats.
The increase in intraocular pressure was associated with
extraocular muscle activation. There was an initial abrupt
increase (lasting seconds) which occurred during fasci-
culations within the extraocular muscles. This was followed
by a more sustained increase, which lasted for several
minutes. This occurred at the time of increases in hind
limb muscle afferent activity. In a separate group of
animals, they detached the extraocular muscles from the
right eye and then measured bilateral intraocular pressures.
Succinylcholine caused a significant increase in intraocular
pressure only in the eye with intact muscles. This contrasts
with the results of Kelly et al. (67), who studied the effect
of succinylcholine on a globe that had had its extraoccular
muscles detached. They found that there was a difference
between the increase in the IOP between the globe with
and without muscle attachment. The differences that were
measured however, were not likely to be clinically signifi-
cant. Moreno et al. (69) developed a cat model of eye
trauma, and found no loss of intraoccular content after

succinylcholine. They did however, notice that the lens and
iris moved forward after administration of succinylcholine.

In the patient with an open globe, any increase in the
IOP may be associated with further extrusion of intraoccular
contents, with a risk of further deterioration in potential
visual function. Many patients with penetrating eye injuries
will present with a “full stomach,” often beer and pizza. The
anesthetist should also remember that aspiration pneumonia
carries a mortality risk. Warner (70) found that four of 67
patients with documented perioperative aspiration died.

In those at risk of loss of intraoccular contents due to
an increase in the IOP, the use of nondepolarizing muscle
relaxants such as rocuronium has been advocated. This
avoids the use of succinylcholine, and its attendant increase
in the IOP. Rocuronium, a nondepolarizing neuromuscular
blocking drug with a short onset time, has been found that
not to increase the IOP (71). Unfortunately, this means that
the time taken to optimize the intubating conditions will
be longer with the use of rocuronium in standard dosage
than if succinylcholine had been used. However, rocuro-
nium definitely provides rapid and predictable intubating
conditions when 1.2 mg/kg (four times the ED95) is used
(72). The use of larger doses of rocuronium will decrease
the time to intubation. However if laryngoscopy or intuba-
tion is attempted prematurely, before the onset of sufficient
paralysis, the patient may cough or “buck” on the endotra-
cheal tube. The use of a peripheral nerve stimulator will
enable the anesthetist to be confident that an adequate level
of neuromuscular blockade has been achieved before com-
mencing laryngoscopy (Fig. 11) (67). Succinylcholine
will cause an increase in the IOP, which, in the patient
with a penetrating eye injury, may lead to loss of ocular

contents. Coughing, that may occur during laryngoscopy
with adequate nondepolarizing neuromuscular blockade,
can cause even higher increases in the IOP.

Edmondson (73) showed that lidocaine 1.5 mg/kg
minimizes the increased IOP due to succinylcholine and
larygoscopy. Vomiting is also associated with increases in
the IOP. Patients with penetrating eye injuries should be
given antiemetics early in the course of their treatment. If
these patients need to undergo extensive transportation,
especially aeromedical, with the risk of motion sickness,
this is especially important.

Figure 10 Birmingham eye trauma terminology. Source: From Ref. 64.
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Intraocular Air
Air may enter the globe in patients with penetrating eye inju-
ries. Medical procedures, including anesthetic intervention,
which can increase the volume of gas within the globe, can
lead to an increase in the IOP. The use of a nitrous oxide con-
taining anesthetic will lead to diffusion of the nitrous oxide
into the intraoccular air (Henry’s law). This will occur at a
faster rate than the removal of nitrogen from the globe,
leading to an increase in the IOP.

Exposure of the patient to a hypobaric environment,
such as aeromedical retrieval in nonpressurized aircraft,
will also lead to an increased volume and pressure (Boyle’s
Law). If aeromedical transportation is necessary, the cabin
pressures should be maintained as close to sea level pres-
sures as possible. This can be done by either flying at low
altitudes, or by pressurizing the cabin to sea level. Aero-
medical transportation of trauma patients with intraocular

air should be done at low altitude cabin pressures. Avoid-
ance of motion-induced emesis is important.

As part of their management of some penetrating eye
injuries, ophthalmologists often inject gases into the globe.
The function of these gases is to push a detached retina
back against the wall of the globe. These gases include
sulfur hexafluoride (SF6), perfluoropropane (C3F8), and air.
After injection, a bubble of SF6 will increase in volume by
two and a half times in 48 hours and a bubble of C3F8

increases four times in the same time frame. Nitrous oxide
must be stopped at least 10 minutes before the gas is injected
as the nitrous oxide can rapidly diffuse into the gas, expand,
and raise the pressure in the globe. It is important that
nitrous oxide is also avoided in subsequent anesthetics
until the gas has been absorbed. For air, this will take
about five days. Older published guidelines recommend
avoidance of N2O for ten days after SF6 injection (74).
However, a recent case report documents its presence for
25 days (75), whereas published reports show that C3F8

gas has a dwell time of 28 days (76). Yet, Seaberg et al. (75)
demonstrated the continued presence of a C3F8 bubble 41
days after injection. The gas bubble cannot be detected
during physical examination, as it is not visible to the
naked eye or with direct ophthalmoscopy. Accordingly,
N2O should be avoided in all subsequent anesthetics until
an ophthalmologist certifies that the bubble has been entirely
reabsorbed. This may take more than two months in some
cases (77). Additionally, all trauma patients who receive

any intraocular gas should be fitted with a bracelet
warning health professionals to avoid N2O administration
(Fig. 12) (78). Seaberg et al. (75) lobbied the manufacturers
and distributors of these gases to provide such warning
systems. In response, Scott Specialty Gases, Inc. (Philadelphia,
Pennsylvania, U.S.A.), the international distributor of medical
grade gases, in cooperation with U.S. distributors Alcon
Laboratories, Inc. (Fort Worth, Texas, U.S.A.) and Infinitech,
Inc. (St. Louis, Missouri, U.S.A.), and the U.S. Food and Drug
Administration, began providing hospital band type warning
bracelets (similar to that shown in Fig. 12) to all facilities
using these gases. The bracelet should be worn until the gas
bubble gets reabsorbed. Also, the UCSD Medical Center has
added a bubble in eye check box to our anesthesia preoperative
evaluation forms as a reminder to seek this information before
formulating the anesthetic plan (75).

Oculocardiac Reflex
The occulocardiac reflex is a vagally mediated bradycardia
associated with stimulation of the orbital contents, including
the globe and extraoccular muscles. The vagal stimulation
may be severe enough to cause asystole. The efferent limb
of the reflex is the ophthalmic branch of the trigeminal
nerve; and the afferent limb is the vagus. Discontinuing
the stimulus will usually lead to the cessation of the reflex.
The use of anticholinergic drugs, such as atropine or
glycopyrrollate will block the efferent limb of the reflex,
but may lead to an unacceptable tachycardia.

Ears
Blast Injuries and Associated Injuries
The gas containing organs: the middle ear, the lungs, and the
bowel, are the organs most at risk from primary blast injuries
(79). In the lungs the major injury is pulmonary contusion.
Other thoracic manifestations include pneumothoraces,
surgical emphysema, and bronchopleural fistulae. The ear

Figure 12 Nitrous oxide warning bracelet placed at the time

of intraocular gas injection and removed only after the gas

has resorbed. Source: From Ref. 78.
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manifests this injury as rupture of the tympanic membrane
or less commonly by disruption of the ossicular chain. The
ears of patients exposed to a blast injury should be exam-
ined. This will enable assessment of the damage to the
ears, and enable some prognostication about other injuries.
Unless the patient has been wearing hearing protection, sig-
nificant pulmonary primary blast injuries are uncommon in
the absence of ruptured tympanic membranes (80).

Barotrauma
Pressure differences between the middle ear and the atmos-
phere (i.e., across the eardrum) are minimized by the nor-
mally functioning eustachian tube. If eustachian tube
function is hindered, for example by an upper respiratory
tract infection, pressure equilibration cannot occur. Some
trauma patients will be exposed to either a hypobaric
(e.g., aeromedical transport) or hyperbaric (e.g., hyperbaric
treatment) environment. If they are unable to equilibrate
the pressures across their eardrums, they may be exposed
to barotrauma, with the risks of eardrum perforation or
potential permanent loss of hearing in the affected ear.

Other
There are numerous causes for accidents that may cause
blunt facial trauma. This would include factors that increase
the risk of falls or traffic accidents, such as intracranial path-
ology. This includes epilepsy and cardiac arrhythmias,
which includes those that are induced by myocardial ische-
mia or infarction, drugs, and alcohol. The trauma
anesthetist needs to be aware that acute medical conditions
may be the underlying etiology of the trauma, and that these
conditions will have anesthetic implications.

RESUSCITATION

Resuscitation of the trauma patient with facial injuries
should follow the ATLS guidelines outlined in Volume 1,
Chapter 8. It is important that graphic facial injuries do not
distract the team from the diagnosis and appropriate man-
agement of other associated injuries. By following a
primary and secondary survey approach, the facial injuries
will be dealt with appropriately.

Facial injuries may directly impact upon the patency
of the upper airway. Assessment and achievement of
airway patency, while protecting the cervical spine, is the
first priority. Some of the facial fractures impact upon
airway patency. Injuries commonly associated with facial
trauma may also cause other life threatening events
including airway, breathing circulation, and neurological
functions.

ASSESSMENT
Clinical Signs
Mobility of the midface can be demonstrated clinically by
grasping the anterior hard palate and attempting to move
it. But, in 1901, LeFort showed that the soft tissue injuries
were not able to predict the position of maxillary fractures.
The accurate diagnosis of most maxillofacial injuries relies
on appropriate radiological investigation.

X Ray/Orthopantomogram and Computed Tomography
Plain facial X rays usually include a Waters view (PA view
with cephalad angulation), a Caldwell view (PA view), and
a lateral view. An orthopantomograph (OPG) is a panoramic
display of the teeth, jaws, and TMJ often referred to as a
“panorex.” The plane of focus of the X ray is curved to
match the curve of the jaws. It enables the whole of the
mandible to be displayed as though unfolded onto the
X ray film. Some of the signs of facial fractures include
nonanatomical linear lucency, cortical defects, diastatic
sutures, and facial asymmetry. The presence of soft tissue
swelling, periorbital, or intracranial air or fluid in a parana-
sal sinus can infer the presence of fractures. If a nasal frac-
ture is suspected, then obtain a lateral view of the nasal
bone. If any fractured or missing teeth cannot be accounted
for, a chest X-ray should be carefully examined for aspirated
tooth fragments.

Computed tomography scanning is the imaging pro-
cedure of choice for most facial fractures, due to the
complex facial anatomy. Fractures of the facial bones are
shown extremely well by CT. Also, soft tissue complications,
such as blowout fractures of the orbit, can be easily visual-
ised with a CT.

AIRWAYMANAGEMENT

In the trauma patient with a facial injury, there are many
reasons for needing emergency airway intervention. These
would include actual or impending airway obstruction,
mechanical ventilatory failure, inadequate gas exchange,
and cerebral injuries.

Urgent/Semiurgent
Neupert performed a retrospective analysis of patients with
mandibular fractures resulting from low velocity gunshot
injuries. Airway management was required in 25% of the
patients (81).

In the prehospital setting or emergency room, priority
must be given to obtaining and maintaining a patent airway
and to maintaining adequate ventilation. Airway obstruction
may occur due to blood, saliva, vomitus, teeth or bone
fragments, and dentures. With a posteriorly displaced
mandibular fracture or in the unconscious patient, the
tongue may also cause obstruction. Suction, oropharyngeal
airways, and patient positioning (with care of the cervical
spine) may all be required.

In planning for endotracheal intubation, the trauma
anesthetist should have an alternative plan B available.
Mask ventilation in the patient with facial injuries may be
difficult or impossible due to difficulties in obtaining an ade-
quate seal of the mask on the traumatized face. Therefore,
rapid progression to the laryngeal mask airway (LMA)
following the use of muscle relaxants should occur if
ventilation difficulty is encountered. Similarly, a plan B for
difficult intubation should be available.

If endotracheal intubation is needed urgently, a
number of alternatives exist—nasal, oral, and tracheostomy.
The primary indication for nasotracheal intubation is airway
control in a spontaneously breathing patient whose cervical
spine is suspected or confirmed to be unstable (82). This
indication needs to be considered along with alternative
techniques, both for their risks and their benefits. The
risks of nasotracheal intubation have been discussed. It is
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important to remember that in the trauma patient with facial
injuries, there is no reliable clinical method to assess the
integrity of the base of skull.

In attempting to perform oral intubation, the anesthe-
tist may have difficulty visualizing the glottis due to soft
tissue distortion, blood, or vomitus. If possible, an attempt
should be made to visualize the glottis prior to adminis-
tration of muscle relaxants. In a number of major facial
injuries, the soft tissues of the face will move with the laryn-
goscope, enabling an adequate view by this method.

Elective
The goals of surgical management in midfacial fractures

include restoration of functional occlusion, stabilization of

the major facial skeletal supports, and restoration of the
normal facial contours. Achievement of these goals relies
on the achievement of occlusion to restore midface relation-
ships. The upper and lower teeth are first aligned and
then the upper and lower jaws are temporarily wired
together establishing the proper occlusion. Once the occlu-
sion has been established, open reduction and internal fix-
ation of the fracture can occur. An oral endotracheal
tube makes this extremely difficult (Fig. 13) (83). Alternative
airways are therefore required for definitive surgery.
Options available include:

Nasotracheal Intubation
Care needs to be taken in patients with a fractured base of
skull. In those cases where nasal intubation is considered
and a base of skull fracture is suspected, a CT scan of the
base of the skull using slices of 3 mm or finer should be per-
formed. This will delineate the extent of injury and give
some indication as to whether or not a nasotracheal tube
will pass near the site of the base of skull fracture. On the
basis of anatomical considerations, it should be realized
that lateral skull base fractures do not pose a hazard in this
regard.

In those cases where an anterior central base of skull
fracture exists, fiberoptic assisted nasotracheal intubation
allows safe passage of the endoscope through the nose,
nasopharynx, and cords. This then forms a bougie along
which an endotracheal tube can be passed safely. This may
be carried out with the patient awake or anaesthetized.
Fiberoptic passage may be difficult due to the presence of
blood, but even managing the passage of the bronchoscope
tip into the oropharynx indicates that the potential for

intracranial passage of the endotracheal tube has passed.
Some anesthetists use low flow oxygen down the suction
port to clear secretions away from the end of the broncho-
scope. In patients with a fractured base of skull this may
cause contaminated nasopharyngeal air to pass through
the fracture into the skull, increasing the risk of meningitis.

Tracheostomy
Tracheostomy is especially suitable for patients who are
judged to be at a high likelihood of requiring a tracheostomy
over ensuing days. Indications for this may include severe
head injuries which may require longer term mechanical
ventilation in intensive care, or as an aid to weaning from
such ventilation.

Submental Intubation
Submental Intubation has been described as an alternative to
tracheostomy in some patients with maxillofacial trauma
(84–86). The patient is intubated orally with a flexible endo-
tracheal tube. A passage is created through the submental
portion of the floor of the mouth using blunt dissection.
Care needs to be taken to avoid the submandibular duct
and the lingual nerve.

The proximal end of the endotracheal tube (ETT) is
pulled through the incision after removing the 22 mm con-
nector. The connector is reconnected, and the function of
the ETT is confirmed. The ETT is then sutured in place
giving a reliable and secure airway which is out of the surgi-
cal field and also allows for occlusion to be achieved. At the
end of the operation, the proximal end of the ETT is returned
to the oral cavity, and out through the mouth (Fig. 14) (84).
The submental intubation technique is only used at a few
specialized centers.

These alternatives mean that tracheostomy can usually
be avoided, except in the presence of a midline base of skull
fracture, where fiberoptic assisted intubation has failed or
where a tracheostomy would be anticipated in the long
term care of the patient.

Oral endotracheal intubation is avoided in situations
where intermaxillary fixation is required (e.g., following
repair of mandible fracture). In many awake patients the
use of one of these methods of airway management tech-
niques may be considered suboptimal, for example potential
difficult airway, fractured base of skull, cervical spine inju-
ries (confirmed or suspected), severe gastro-esophageal

Figure 13 Intermaxillary fixation. Source: From Ref. 83.

Figure 14 Submental intubation. Abbreviations: ETT, endo-

tracheal tube; BC, breathing circuit. Source: From Ref. 84.
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reflux or “full stomach.” In these patients oral intubation
using techniques appropriate for the patient and their
medical, surgical, and trauma history, can be achieved. Con-
version to one of these more definitive airway techniques
can then be achieved in a more controlled manner.

Teeth Wiring/Banding Issues
When an open reduction of the fracture is performed it is not
necessary for most patients to have their teeth wired
together (intermaxillary fixation) postoperatively. There are
some fractures that do not require an open reduction and
these cases may be treated with arch bars and a period of
postoperative intermaxillary fixation. This fixation may be
by either elastic bands or wires. In the early postoperative
period, a method to rapidly release the fixation should be
available, in case of airway obstruction. This may occur
due to postoperative vomiting.

AIRWAY EVALUATION
Awake vs. Asleep
In an awake patient with a patent airway, the safest alterna-
tive is an awake intubation. This may be done nasally, orally,
or by tracheostomy. If the patient is uncooperative or
unstable induction of general anesthesia may be safer. It is
important to proceed with a suitable backup plan.

Methods to Facilitate Tracheal Intubation
Fiberoptic Bronchoscope
Fiberoptic bronchoscope (FOB) intubation in the patient with
maxillofacial injuries can be achieved either orally or nasally.
The use of an Ovassapian airway may help in visualization
of the glottis during oral intubations. Antisiallagogues,
for example, glycopyrollate 0.4 mg may help decrease the
volume of saliva and aid visualization. The presence of
blood, or vomitus, or both as occurs commonly in patients
with even minor facial trauma can impair visualization
of structures, and make fiberoptic intubation impossible.
Passage of low flow oxygen down the suction port may
improve visualization, but may also blow oxygen through
a fractured base of skull.

Bullard Laryngoscope
The Bullard laryngoscope is a rigid fiberoptic laryngoscope.
It can be used to visualize of the glottic opening even when
there is an inability to align the oral, pharyngeal, and laryn-
geal axes. This minimizes head manipulation and position-
ing. Ghouri and Bernstein (87) described a case of awake
intubation of a facial trauma patient using the Bullard
laryngoscope and topical local anesthesia of the airway.

Cricothyroidectomy vs. Tracheostomy
In the patient who is unable to be intubated through the
glottis, a surgical airway may be necessary. In the emergency
situation, cricothyroidotomy is generally easier to perform
rapidly than a formal tracheostomy. Percutaneous cricothyr-
oidotomy kits are available for emergency surgical airway
control. Once the airway is established, a formal tracheo-
stomy under elective conditions is performed. However in
the elective or semi-elective situation, the tracheostomy is
preferred because there are far less serious post procedure
complications. If the patient has a significant level of respir-
atory distress this becomes difficult. The use of sedation
in this group of patients is potentially disastrous. Thus,

intubation either orally or nasally with a fiberoptic broncho-
scopic prior to the elective tracheostomy often provides a
safer, more controlled operative environment.

ANTIBIOTICS

The majority of significant facial fractures are compound. A
mucosal lining covers much of the surface of the facial bones,
including the mouth, nose, and paranasal sinuses. If the frac-
tures do not breach these mucosal surfaces, subsequent sur-
gical management may. Prophylaxis should be considered if
there is a breach of the oral, nasal, or pharyngeal mucosa. In
a prospective study of adult patients with facial fractures,
intravenous cefazolin reduced the incidence of postopera-
tive infections (88). One group received no antibiotics,
whereas the other group received cefazolin, 1 g intra-
venously, one hour prior to the surgical procedure, and a
similar dose eight hours later. Of the 101 patients enrolled
in the study, 79 had mandibular fractures, 18 had zygoma
fractures, and four had LeFort fractures. When all facial frac-
tures were considered, 42.2% in the nonantibiotic group
became infected, whereas only 8.9% in the antibiotic group
became infected (88). Appropriate antibiotics may include
cephalothin (child: 25 mg/kg up to) 2 g or cephazolin
(child: 25 mg/kg up to) 1 g intravenously, at the time of
induction (88).

The study by Choi and Spann (31) showed a higher
incidence of meningitis in those patients with a fractured
base of skull who received prophylactic antibiotics.

EYE TOTHE FUTURE

Ongoing improvements in imaging technologies are leading
to greater understandings of the traumatic anatomy associ-
ated with facial injuries. This is likely to lead to greater
efforts by surgical staff to achieve more anatomic results
from surgical procedures. Changes in technology are also
likely to lead to interventions by other specialists into the
realm of the surgeon, Interventional radiology would be
one area that this is in particular likely to occur (89).
Anesthetists and other critical care providers are expected
to be spending more time caring for these patients in
nontraditional settings.

The ongoing examination of the epidemiology of facial
injuries can lead to legislative or other efforts to reduce the
incidence or severity of these injuries (90–92). It may also
highlight unforeseen effects of other interventions such as
air bags (93).

In the post–September 11 world in which we now find
ourselves, different mechanisms of injury, and therefore
different patterns of injury are more likely (94,95). It is
important that the anesthetist and other critical care staff
looking after trauma patients remain aware of mechanisms
of injury, and how this impacts on injury patterns.

The economics of health care continue to gain import-
ance. More and more, the aim is the best outcome, at the
cheapest price. This will lead to changes in patterns of
management of all patients, including those with facial
trauma (96).

Another major “new” impact on health decision
making is ethics. This, too, is impacting on the care of
these patients (97,98).
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SUMMARY

The interaction between the anesthetist and the traumatized
upper airway presents a number of challenges. Associated
injuries denote that the anesthetist must consider a number
of factors before deciding on a plan, and a backup plan.
Knowledge of the facial anatomy and a variety of airway
management techniques will best enable the anesthetist to
handle these situations.

KEY POINTS

A systematic approach, using the ATLS guidelines, will
minimize the effect of emotion on clinical judgement
and management of facial injuries.
The pattern of facial features cannot be predicted by the
overlaying soft tissue injuries.
Epidemiological studies suggest that the patient with a
presenting facial fracture is likely to be a young intoxi-
cated male, who has been involved in a motor vehicle
accident or interpersonal violence. The incidence of
pre-existing comorbidities (as opposed to concurrent
injuries) is likely to be low.
As the forces are transmitted, fractures tend to occur
at positions of weakness, depending on the amount
and direction of the applied force and the point of
impact.
Indeed, in the setting of cribiform plate injuries, or basal
skull fractures, nasal tubes should only be placed under
direct vision of a fiberoptic bronchoscope. Blind
passage of nasal tubes in this setting is contraindicated.
Succinylcholine will cause an increase in IOP, which, in
the patient with a penetrating eye injury, may lead to
loss of ocular contents. Coughing, such as may occur
during laryngoscopy with adequate nondepolarizing
neuromuscular blockade, can cause even higher
increases in IOP.
Aeromedical transportation of trauma patients with
intraocular air should be done at low altitude cabin
pressures. Avoidance of motion-induced emesis is
important.
The trauma anesthetist needs to be aware that acute
medical conditions may be the underlying etiology of
the trauma, and that these conditions will have anes-
thetic implications.
The goals of surgical management in midfacial frac-
tures include restoration of functional occlusion, stabil-
ization of the major facial skeletal supports, and
restoration of the normal facial contours. Achievement
of these goals relies on the achievement of occlusion to
restore midface relationships.
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INTRODUCTION

Management of head injury is integral to resuscitation and
treatment of the trauma patient. The anesthesiologist plays
a pivotal role in brain resuscitation efforts during the perio-
perative period as the primary physician in orchestrating
airway management, control of blood pressure (BP) and
fluid administration, ventilatory requirements, anesthetic
choices, and monitoring decisions.

The pathophysiology of traumatic brain injury (TBI) is
complex and still incompletely understood. Most research-
ers and clinicians differentiate primary brain injury from
secondary injury. Primary injuries occur at the time of the
initial impact and include entities such as intracranial hema-
tomas, contusions, diffuse axonal injury, and so on. Second-
ary injury refers to the exacerbation of neuronal damage that
occurs following the initial impact, often secondary to brain
swelling, hypotension, hypoxia, or rebleeding/expansion of
original lesions (1–3). Cerebral blood flow (CBF) is known to
decrease acutely following TBI in the majority of adult
patients. However, between 24 hours and 72 hours after
injury, the CBF may have increased to baseline or be in
excess from the normal flow. Exuberant CBF in a brain that
is already swollen can cause or exacerbate neuronal injury.

A thorough understanding of the numerous issues
impacting the pathophysiology of TBI from the initial assess-
ment and throughout the perioperative period is crucial for
optimal recovery. This chapter reviews the important con-
siderations for TBI occurring during resuscitation phase, as
well as in the operating room (OP). Critical care manage-
ment of TBI is further reviewed in Volume 2, Chapter 12.

RESUSCITATION OF THE HEAD-INJUREDTRAUMA PATIENT

The first consideration in evaluation and management of the
TBI patient is in determining the need for establishing a
definitive airway. While providing the airway management,
a number of conflicting constraints inevitably arise. Initial
issues in the head-injured trauma patient include: (i) elev-
ated intracranial pressure, (ii) a full stomach, (iii) an uncer-
tain cervical spine, (iv) an uncertain airway (presence of
blood, possible laryngeal tracheal injury, and possible skull
base fracture), (v) uncertain volume status, (vi) an unco-
operative/combative patient, and (vii) hypoxemia. There is
no particular method which can be termed as the universal
“right” way in such treatments, and the “best” approach

will be determined by the relative weight of these various
factors in the individual patient.

Initial Brain Resuscitation Priorities: Airway, Breathing, and
Circulation, then Intracranial Pressure

Remembering the sacred code, “first airway, breathing,
and circulation (ABC), then intracranial pressure (ICP)”
may limit the harmful distraction of an excessive initial

emphasis on ICP.
The ABCs of resuscitation for TBI include securing the

airway, guaranteeing breathing (gas exchange), and stabilizing
the circulation. These critical lifesaving maneuvers have
initially higher priority than the initiation of ICP management
protocols. Laboratory studies have clearly demonstrated that
the injured brain is particularly susceptible to even modest
levels of hypoxia and hypotension; and the clinical data
suggest a strong correlation between poor neurologic
outcome and initial hypotension and hypoxia (1–3). It is
imperative not to risk losing the airway or causing severe
hypotension for the sake of preventing coughing on the tube
or transient hypertension with intubation. Objectives to
prioritize during initial intervention include: (i ) securing

the airway, (ii ) guaranteeing gas exchange, (iii ) stabilizing
the circulation, and (iv ) managing ICP as is appropriate.

Determining Need for Immediate Intubation
Empirically, most patients with a Glasgow Coma Scale (GCS)
score of seven to eight or less (Table 1) will require intubation
and mechanical ventilation for ICP management and/or
airway control. Patients with GCS scores close to but above
that threshold inevitably require the closest observation. In
addition, patients with relatively normal GCS scores can unex-
pectedly deteriorate following a TBI. Delayed deterioration
has been observed up to as much as 72 hours after the initial
injury, however it usually occurs within the first 24 hours
(average 17 hours) (4). Patients with lesions (usually contu-
sions) in the fronto temporal regions (especially those with
mesial temporal lesions) are most at risk for this phenomenon.
Modest expansion of lesions in this location (i.e., close to the
uncus and the incisura where herniation occurs) can result
in herniation even at relatively low ICPs (e.g., �20 mmHg).
Patients with these lesions [as well as those with epidural
hematomas (EDH)], are the ones who account for the numer-
ous anecdotes of TBI victims who “talk and die.” This “lucid
interval” phenomenon has additional significance when con-
sidering the patients in the immediate post TBI period who
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often require surgery for nonneurologic injuries (e.g., repair of
orthopedic injuries).

Cervical Spine Uncertainty Is Common Following
Traumatic Brain Injury
When cervical spine integrity is known to be impaired,
direct laryngoscopy with vigorous atlanto-occipital (A-O)
extension should be avoided unless the exigencies of
airway control demand it. If direct laryngoscopy is necess-
ary, axial traction, which was once recommended, has now
been supplanted by “inline stabilization.” There is no ques-
tion that inline stabilization, properly performed, will make
laryngoscopy rather more difficult. However, it serves to
decrease the amount of A-O extension occurring during lar-
yngoscopic visualization of the glottis (5).

Approximately 2% of those patients with TBI who
survive to reach a hospital will have a fracture of the cervical
spine (6). This incidence suggests that a “pent-sux-direct
laryngoscopy-tube” approach for “all comers” with TBI
might convey a measurable risk of injuring the cervical
spinal cord. Because cervical spine injuries may be present,
a relatively conservative approach is probably appropriate,
which restricts anesthesia/paralysis to those situations
where, (i) urgency demands a rapid intervention or (ii) a
benign physical exam, or an adequate radiologic studies,
or both justifies a low level of concern for cervical spine
injury (7). If the cervical spine is known to be injured, the
TBI is not yet severe (GCS 13–15), and if the patient is other-
wise stable and cooperative, an awake fiberoptic intubation
should be pursued (Volume 1, Chapter 9). The nasal route
can be used despite theoretical concerns about entering the
cranial vault via a skull base fracture, provided the entire
journey is accomplished under direct vision with a fiberoptic
bronchoscopy (FOB). In addition, endoscopists must use
their discretion and resist applying excessive force against
any unusual resistance in passing the endotracheal tube
via the nasal route.

Rapid Sequence Induction Drugs in Traumatic
Brain Injury
Patients in full arrest and those in hypovolemic shock may
not require any induction drugs, but only neuromuscular
blockade drug to facilitate intubation. When general
anesthesia with a rapid sequence intubation (RSI) technique
is appropriate, a wide variety of induction drugs are avail-
able to select from. The major considerations for induction
drug selection in the TBI patient are hemodynamic stability,
effects on ICP, and rapidity of onset. These characteristics are
summarized in Table 2 for the most commonly employed
induction drugs.

Propofol and thiopental both decrease the CBF, ICP,
and cerebral metabolic rate of oxygen consumption
(CMRO2) (8). However, both of these agents cause direct myo-
cardial depression and systemic vasodilation, resulting in at
least transient hypotension (9). In TBI patients, the decreased
mean arterial pressure (MAP) may impair cerebral perfusion
pressure (CPP ¼MAP 2 ICP) and exacerbate secondary
brain injury. Furthermore, in the polytrauma patient, ongoing
blood loss from other injuries diminishes the hemodynamic
reserve, and hypotension is likely to be more profound.
Thus, propofol and thiopental are only good intubation
choices in TBI patients who are hemodynamically stable.
Propofol in lower doses (e.g., 25–50 mcg/kg/min) can be
used in TBI patients as sedation in the intensive care unit
(ICU) with far less hemodynamic peril than that which
occurs with the normal bolus induction dose of 2 mg/kg.

Etomidate reduces CBF, ICP, and CMRO2, while main-
taining MAP, and is the induction drug of choice for the
polytrauma patient with TBI (8). Because of the known
adrenal suppression effect of etomidate, it is not rec-
ommended for sedative use as a prolonged infusion.
Additionally, the propylene glycol diluent can cause renal
toxicity with prolonged use (10). The normal induction
dose of etomidate is 0.2 mg/kg.

Ketamine can cause an increase in CBF, CMRO2, and
ICP, in some (but not all) animal models. However, the mag-
nitude and time course of these effects are such that they
may not be clinically relevant. Ketamine has a sympathomi-
metic effect, serving to elevate the MAP and heart rate in
normal patients. However, in polytrauma patients, and
others manifesting maximum catecholamine elaboration,
the direct myocardial depressant effect of ketamine
becomes unveiled, because the “normal” sympathomimetic
effect does not occur in these stressed states (11). For these
reasons, ketamine is not recommended as an induction or
intubation drug following acute TBI. Ketamine has been
suggested by some to provide neuroprotection due to its
N-methyl-D-aspartate (NMDA) receptor inhibitor effect,
but the existing data have yet to show any such benefit.

Lidocaine and other local anesthetics may have some
neuroprotective effects in low concentrations (8). However,
larger induction doses may cause seizures (which increase
CMRO2, CBF, and ICP). Accordingly, local anesthetics are
not recommended to facilitate intubation in acute TBI (8).

Opiates are profound respiratory depressants, and are
not recommended for TBI patients with elevated ICP if
breathing spontaneously (8). However, as long as ventilation
is controlled, fentanyl and other opiates are suitable adjunct
drugs, as they probably do not increase CBF or CMRO2 (12).
The trauma airway expert should be mindful that high dose
opiates will decrease catecholamine elaboration, and can
thereby result in hypotension in volume depleted patients.

Table 1 Glasgow Coma Scale

Eyes open Best verbal response Best motor response

Never 1 None 1 None 1

To pain 2 Garbled/incomprehensible 2 Extension (decerebrate rigidity) 2

To speech 3 Inappropriate words 3 Abn flexion (decorticate rigidity) 3

Spontaneously 4 Confused but converses 4 Withdrawal 4

Oriented 5 Localizes pain 5

6 Obeys commands 6

Total 3–15
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Thus based upon MAP, the titration of the dose is rec-
ommended for the trauma patient with TBI.

Both succinylcholine and rocuronium are appropriate
neuromuscular blockade drugs in the acute setting (,72
hours following TBI). After 72 hours, rocuronium is rec-
ommended for RSI, to avoid the excessive potassium release
that occurs with upper motor neuron injury (including TBI)
(13, 14). The mechanism is generally attributed to proliferation
of extrajunctional acetylcholine receptors that develop in these
patients due to decreased neurological stimulation, so that
potassium is released from the entire muscle instead of at
the neuromuscular junction alone (15). This excessive potass-
ium release is referred to as “upregulation of acetylcholine
receptors” (15). Probably the risk of excessive potassium
release and hyperkalemia may not be high until more than
72 hours following the TBI. Indeed the first two case reports
of hyperkalemia following succinylcholine administration in
TBI patients occurred 37 days (13) and 71 days (14) following
the injury. However, to be conservative, most clinicians use the
72 hour cutoff. Other known risk factors of succinylcholine,
induced hyperkalemia include burns, paraplegia, muscle
trauma, prolonged bed rest, and rhabdomyolysis (15).
Recently, prolonged use of nondepolarizing neuromuscular
blockade and high dose magnesium therapy have been
added to the list (16,17).

A great deal has also been made of the concern that suc-
cinylcholine will increase ICP. It may be true, but the magni-
tude and clinical importance have been grossly exaggerated.
A study in which succinylcholine, 1.0 mg/kg, was given to
nonparalyzed patients being ventilated after subarachnoid
hemorrhage or TBI, revealed no detectable change in ICP,
suggesting that the phenomenon is less likely to occur in
humans with a diffuse cerebral injury that is sufficient to
cause coma (18). “Defasciculation” with metocurine can
ablate increases in succinylcholine-induced ICP (19).

However, not all precurarizing agents have been studied.
Moreover, pancuronium was not effective in dogs. For the
time being, therefore, the only acceptable precurarizing
agent is metocurine. If and when there is a semiurgent
need to secure an airway (in order to control PaCO2 and guar-
antee oxygenation), and if succinylcholine is in other respects
an appropriate drug to achieve that end, this drug, preceded
by metocurine (three to five minutes prior) is acceptable.
However, in more emergent situations, precurarizing drugs
should not be employed because they delay the onset of
full neuromuscular blockade, and blur the clinical endpoint
of when the full neuromuscular blockade has been achieved
(by eliminating the fasciculations). Thus for emergency
intubations in TBI patients, succinylcholine 1 to 2 mg/kg
(without precurarizing drugs) or rocuronium 1.2 mg/kg are
the only recommended agents.

MANAGEMENTOF THE HEAD-INJUREDTRAUMA PATIENT
DURING SURGERYANDTHE PERIOPERATIVE PERIOD
Intracranial Pressure Monitoring
The decision to measure ICP in TBI patients not scheduled
for surgery is most closely related to the patients’ neurologi-
cal status and ability to provide a clinical exam. Most
patients with GCS scores ,9 would receive ICP monitoring,
regardless of plans for operative management, because they
might otherwise suffer neurological deterioration that could
be missed due to the intermittent nature of clinical exams
(Table 3). Furthermore, those requiring prolonged sedation
or operative procedures, may require ICP monitoring
despite near normal GCS, with specific head computed
tomography (CT) findings (discussed later).

Table 2 Intravenous Induction Drugs and Their Effects on Intracranial Pressure and Other Processes, as

Well as Mean Arterial Blood Pressure

Drug ICP CMRO2 CBF CSFprod
a MAP

Etomidate # # # !# "!

Propofol # # # !# #

Thiopental # # # !# #

Midazolam !# # # !# !#

Fentanylb # !# !# !# !#

Ketaminec
" ! " ? (# reabsorption) "

d
!#

Local Anestheticse
#" #" #" ? !

Note: When two arrows are presented, the first arrow reflects the low dose drug effects and the second arrow indicates the

high dose effects.
aAt high dose, all drugs decrease cerebrospinal fluid production except ketamine, which increases production.
bIf ventilation controlled, fentanyl maintains or slightly lowers cerebrospinal fluid, cerebral rate of oxygen consumption, and

intracranial pressure.
cKetamine has neuroprotective effects due to its inhibition of the N-methyl-D-aspartate receptor. However, in the setting of

traumatic brain injury with elevated intracranial pressure (ICP), ketamine is contraindicated for induction (due to its propen-

sity to increase ICP).
dKetamine will increase the mean arterial pressure in normal patients due to its sympathomimetic effect. However, those in

hypovolemic shock will become hypotensive because of direct myocardial depression and the absence of a sympathomimetic

effect in this population.
eLow doses of local anesthetics decrease intracranial pressure, cerebral blood flow, and cerebral rate of oxygen consumption

(CMRO2), whereas induction doses may cause seizures and increase CMRO2.

Abbreviations: # , decreased; ! , no change; " , increased; CBF, cerebral blood flow; CMRO2, cerebral rate of oxygen

consumption; CSFprod, cerebrospinal fluid production; ICP, intracranial pressure; MAP, mean arterial pressure.

Source: From Ref. 8.
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Patients Undergoing Craniotomy
For patients who require acute operative management to
evacuate an intracranial hematoma, or for decompressive
craniotomy, the post operative need for ICP monitoring is
assessed in the OR. The major factors that drive this decision
are: (i) preoperative GCS, (ii) severity of brain injury as
viewed on CT scan, and (iii) operative findings (Table 3).
The following two illustrative examples are instructive.
Example 1, the patient with an EDH who initially presented
with a GCS of 15, then acutely deteriorates 15 to 30 minutes
prior to surgery, may have an entirely normal appearing
brain in the OR (if the EDH is promptly evacuated). Given
that the CT scan showed no other lesions, this patient may
be expected to awaken fully from the operation and have
an operative GCS around 15 again, and essentially be
cured. This patient would not likely receive an ICP
monitor in the OR. Example 2 is the patient who presents
with an initial GCS of three to six, and CT scan reveals a
large temporal parietal subdural hematoma (SDH) with 2
to 3 cm of midline shift requiring immediate evacuation. In
the OR, this patient’s brain would probably reveal signifi-
cant injury with areas of contusion underlying the area of
the SDH. Furthermore, the CT scan may, or may not, have
also shown a contre coup injury or other pathology such as
fronto tempero parietal (FTP) contusions. This patient
would almost certainly benefit from an ICP monitoring
device. Decision making regarding the type and placement
of ICP monitors is discussed in Volume 2, Chapter 1.

Nonneurological Surgery in the Traumatic
Brain Injury Patient
In head injured trauma patients taken to the OR for non-
neurologic surgery, the decision to monitor ICP during the
perioperative period is based upon the following factors:
(i) The level of consciousness (GCS); (ii) CT findings; (iii)
time since injury; (iv) likelihood that the intended pro-
cedures will increase ICP (i.e., aortic occlusion); and (v) the
duration and nature (e.g., expected magnitude of blood
loss) of the intended procedure.

If there has been a loss of consciousness at any time or if
the GCS is less than 15, the CT scan needs to be checked. If
the CT scan reveals compressed basal cisterns (indicative
of an exhaustion of supratentorial compensatory latitude),
midline shift (of .1 cm), or effacement of the ventricles, and
any intracranial lesion (contusion, small subdural), then an

ICP monitor should be placed. In particular, take note of the
lesions near the incisura mentioned earlier. At our institution,
the neurosurgeons would recommend avoiding an anesthetic
for 48 to 72 hours in these patients and would certainly advise
ICP monitoring during the procedure if it were unavoidable.
ICP control must be meticulous in these patients because they
have been observed to herniate at relatively low ICPs, for
example, 20 mmHg.

The longer the patient has had to declare a clinical
course, the less pressing is the need of ICP monitoring.
However, delayed deterioration has been observed for up
to 72 hours following TBI and a patient with a demonstrable
CT lesion undergoing nonneurological surgery is a candidate
for being monitored for at least this period of time (even if
the preoperative GCS is normal).

Dramatic increases in ICP have been associated with
aortic occlusion (e.g., during repair of ruptured aorta). This
is in large part the result of the abrupt increase in BP, or
the cerebral vasodilation effects, or both of the agents that
were used to control hypertension. In addition, the increased
airway and venous pressures associated with the lateral pos-
ition and one-lung ventilation, and also occasional difficul-
ties maintaining hypocapnia during one-lung ventilation,
should result in a low threshold for ICP monitoring in this
situation. Although the intent to systemically heparinize
argues against the placement of an ICP monitor, patients
with tight brains following TBI should not undergo major
surgical procedures without it. Accordingly the prothrombin
time (PT), activated partial thromboplastin time (aPTT), and
platelet count should be normal prior to either ICP monitor
placement or neurological surgery.

The risks of an untoward ICP event are inevitably
greater in a six-hour spinal instrumentation in the prone pos-
ition than for a 20-minute debridement and suturing of an
arm laceration. Thus, the duration and nature of the
intended procedure are additional important factors in
determining need for ICP monitoring (Table 3).

ICP monitoring is most commonly accomplished by
either of the two techniques (ventriculostomy or intrapar-
enchymal transducer, e.g., the Caminow catheter Camino Lab-
oratories, San Diego, California, U.S.A.), briefly described
later, and fully reviewed in Volume 2, Chapter 7. The first
direct measurement of ventricular pressure (ventriculostomy)
involves placing a catheter through the cranium and brain
parenchyma into one of the lateral ventricles and connecting
that catheter via pressure tubing directly to a transducer. The

Table 3 Clinical Factors Dictating the Need for Intracranial Pressure Monitoring in Traumatic Brain Injury

Patients in Three Management Settings: Nonoperative, Undergoing Acute Craniotomy, and Undergoing

Nonneurological Surgery in the First 72 Hours Following Brain Injury

Clinical factor

Management settings

Nonoperative

management Acute craniotomy

Nonneurological

surgery

GCS Important Important Important

CT brain Important Important Important

Brain appearance in OR N/A Important N/A

Time since injury Important Less important Very important

Nature and duration of planned surgery N/A N/A Important

Intended procedure that may " ICP Important N/A Important

Abbreviations: ", increase; CT, computed tomography; GCS, Glasgow Coma Scale; ICP, intracranial pressure; N/A, not appli-

cable; OR, operating room.
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other commonly employed technique involves placing a fiber-
optic device with a deformable diaphragm through the
cranium into brain parenchyma (Camino monitor). The
deformable diaphragm is displaced in proportion to the ICP
with the amount of displacement transmitted via the
fiberoptic cable and transduced as a digital value, represent-
ing the ICP on the portable monitor. The output can also be
transmitted via coaxial cable to an OR or ICU monitor,
which allows display of the ICP waveform as well (see
Volume 2, Chapter 7). The ventriculostomy can be more diffi-
cult to place and is considered more invasive (with increased
risk of intracerebral hemorrhage). However, use of the ventri-
culostomy provides the additional therapeutic advantage of
CSF drainage (if the ICP is elevated).

Any acute increase in ICP occurring in the OR during
nonneurologic surgery, or in the ICU, should increase the
level of concern that swelling or additional bleeding has
occurred, and an urgent CT scan should be obtained to
rule out any new pathology. However, any drug that
causes cerebral vasodilation (Table 4) or other factors that
increase cerebral blood (Table 5) flow should also be
immediately considered and discontinued if present.

Blood Pressure Management
The concept that the injured brain is vulnerable to the dele-
terious effects of what would otherwise be a minor insult, for
example, modest hypotension or moderate hypoxia, has
been well confirmed in the laboratory and is well entrenched
in the thinking of neurosurgeons (1,2). There are as yet no
completely conclusive data derived in humans. However,
several clinical surveys are strongly supportive of the signifi-
cance of minor degrees of hypotension in the post TBI period
(3, 20–22). Chesnut et al. (3) reviewed information from the
National Traumatic Coma Data Bank derived from approxi-
mately 700 patients with GCS ,8 at the time of arrival at the
hospital. Hypotension (systolic BP , 90 mmHg) at the time
of hospital arrival and the combination of hypotension
and hypoxemia (PaO2 , 60 mmHg) had dramatic negative
implications for neurologic outcome. However, these

investigations cannot be viewed as completely conclusive,
because they have a “chicken egg” limitation. Clearly,
some of these patients are hypotensive on a neurogenic
basis and the hypotension merely reflects the severity of
their head injuries. Others (and these are the ones we are
most concerned with) are hypotensive because of associated

Table 4 Factors that Affect Cerebral Blood Flow

Factor Effect on CBF Comments

MAP " MAP! " CBF Between MAP of 70 to 150

CBF is autoregulated at 50 mL/100 gms/min

MAP , 50, CBF decreases, MAP . 150 CBF

increases along with MAP

PaCO2 " PaCO2! " CBF PaCO2 ,25 may cause cerebral ischemia

PaCO2 between 25 and 60 mmHg directly related to

CBF

PaO2 # PaO2! " CBF PaO2 ,60 mmHg inverse relationship with CBF

PaO2 60–300 doesn’t change CBF. PaO2

. 300 may " CBF

CMRO2 " CMRO2! "CBF Fever, arousal, pain, seizures all lead to an increase in

CMRO2 and CBF

Vasoactive

drugs

Vasodilators (e.g., nitroprusside,

nitroglycerine) cause " CBF

All inhaled anesthetics cause dose-related vasodilation.

All intravenous anesthesia agents (except ketamine)

cause cerebral vasoconstriction

Abbreviations: #, decreased;!, no change; ", increased; CBF, cerebral blood flow; CMRO2, cerebral metabolic rate of oxygen consump-

tion; MAP, mean arterial pressure; PaCO2, partial pressure of carbon dioxide in the arterial blood; PaO2, partial pressure of oxygen in the

arterial blood.

Table 5 Checklist for High Intracranial Pressure/Tight Brain

Item Comments

Are the

relevant

pressures

controlled?

Jugular venous pressure: eliminate extreme

head rotation or neck flexion, eliminate

any direct compression or obstruction

(constrictive devices around the neck, and

large intrajugular catheters)

Airway pressure: eliminate airway

obstruction, excessive PEEP. Treat

bronchospasm, be suspicious of and treat

pneumothorax

Be sure PaO2 between 60 and 300 mmHg

Be sure PaCO2 , 35–40 mmHg (if elevated

ICP, may transiently decrease

PaCO2 , 35 mmHg)

Is the CMRO2

controlled?

Minimize pain, fear, and anxiety

Treat seizures, minimize temperature

(maintain 35–36.58C)

Are there any

vasodilators

in use?

Minimize or eliminate volatile anesthetics,

N2O, nitroprusside, nitroglycerine, cal-

cium channel blockers

Are there any

unrecognized

mass lesions?

Blood, edema, N2O

If " ICP, keep PaCO2 , 35 until lesion

decompressed

Abbreviations: " , increased; CMRO2, cerebral metabolic rate of oxygen

consumption; ICP, intracranial pressure; N2O, nitrous oxide; PaCO2,

partial pressure of carbon dioxide in the arterial blood; PaO2, partial

pressure of oxygen in the arterial blood; PEEP, positive end expiratory

pressure.
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injuries, and attempts to reestablish and maintain normo-
tension should be aggressive.

This vulnerability to hypotension probably occurs
because many TBI patients have regions of brain with pre-
cariously low CBF and defective autoregulation (23–26).
Hyperemia can occur, though it is the exception rather
than the rule and is more likely to occur after the first 24
hours postinjury (27–31). Hyperemia tends to occur in
patients with mass lesions rather than contusions and even
those patients have an immediate postinjury period of low
flow with delayed hyperemia peaking at 24 hours or later
(28,29,32). In addition, TBI patients who have subarachnoid
blood may develop vasospasm with a time course compar-
able to that of vasospasm associated with aneurysmal subar-
achnoid hemorrhage (SAH), that is, incidence peaking
between days four to ten postinjury (27,31,33). It is likely
that clinicians dealing with TBI patients will be exposed to
(and should place) a greater emphasis on the careful main-
tenance of normotension in order to maintain a generous
CPP (Fig. 1) (34–37).

The debate as to what constitutes an appropriate blood
pressure to assure adequate CPP is not entirely settled. Sys-
tematic studies have revealed evidence that indices of the
adequacy of cerebral perfusion derived from jugular
venous saturation (SjvO2) and transcranial Doppler data
(TCD) begin to deteriorate below mean CPPs of 70 mmHg
(21,35,36). Therefore, some neurosurgeons have adopted
70 mmHg as the target CPP. Several systematic evaluations
have addressed the question of optimal CPP. Robertson et
al. (38) enrolled 189 severe TBI patients to compare ICP
and CPP targeted therapy. In the ICP targeted group, CPP
and MAP were maintained at minimums of 50 and
70 mmHg, respectively, and in the CPP targeted group at
70 and 90 mmHg, respectively. When jugular desaturation
occurred, a standardized protocol (that included BP
elevation) was applied to both groups. The incidence of
jugular desaturation was less in the CPP targeted group,
30% against 51%. However, the incidence of refractory ICP
(.25 mmHg) and neurologic outcome at three and six
months did not differ. The CPP group required larger fluid
volumes, more dopamine, and more phenylephrine than

the ICP group; and the incidence of acute respiratory distress
syndrome (ARDS) was five-fold greater in that group. The
authors offered the opinion that “secondary ischemic
insults can be prevented with a CPP targeted management
protocol [but noted that] potential adverse effects may
offset the beneficial effects.”

Juul et al. (39), performed a post hoc review of data
from 427 patients in the multicenter trial of the NMDA
antagonist selfotel. The authors had observed that the rate
of poor outcomes and death was greater among patients
who suffered one or more episodes of neurologic deterio-
ration during their ICU course; and they sought to determine
the correlates of neurologic deterioration. They concluded
that “the most powerful predictor of neurologic worsening
was the presence of intracranial hypertension (ICP . 20
mmHg) either initially or during neurologic deterioration”
and that “there was no correlation with the CPP as long as
the CPP was .60 mmHg” (the CPP target in that trial).
While there were sufficient patients with CPP . 60 to
conclude that there was no benefit to greater CPPs, there
were too few patients with CPPs , 60 to draw conclusions
about adverse effects of CPPs of 50 or less.

Howells et al. (40), compared the outcomes of patients
managed with either CPP or ICP oriented strategies. In the
former, the objective was to maintain CPP at .70 mmHg
and ICP ,25 mmHg and in latter, to the objective was to
maintain ICP ,20 mmHg and CPP at approximately
60 mmHg. The critical observation was that CPP oriented
therapy was most likely to be beneficial in patients with
preservation of autoregulation and the ICP oriented strategy
was associated with better outcome in patients whose cere-
bral circulation was pressure passive. The probable expla-
nation is that those who autoregulate in at least some
portions of the brain achieve a vasoconstrictor response to
CPP increase thereby decreasing cerebral blood volume
(CBV) and either decreasing or maintaining ICP. Those
who were pressure passive may suffer a CBF, CBV,
ICP, and perhaps edema, augmenting effect of the increase
in CPP.

When providing emergency anesthesia to the brain
injured patient, no single regimen will be absolutely
optimal for all patients. As an ideal, measurements of ICP
both brain tissue PO2, and SjvO2, and an assessment of auto-
regulation would be available to provide information that
would allow targeting of therapy (41). These measures are
almost never available during emergency craniotomies and
often not available in even sophisticated ICUs. However,
investigations confirm that perfusion pressure support will
be of importance in the large majority of patients, with or
without monitoring, and provide support for the relevance
of CPP as a determinant of the occurrence of cerebral ische-
mia (38, 39). In particular, in the study of Robertson et al.,
hypotension related jugular desaturation occurred more
often in the ICP targeted group, indicating that at a CPP of
50 mmHg there is an incidence of preventable BP-related
cerebral ischemia. Their observations, therefore, suggest
that the management that allows CPPs of 50 without the
use of jugular monitoring will result in an incidence of
unrecognized cerebral ischemia. The survey by Juul et al.
suggests that CPPs above 60 mmHg confer no additional
benefit. In addition, the CPP target in the patients who bene-
fited from ICP oriented therapy in the study of Howells et al.
was approximately 60 mmHg. These observations suggest
that a CPP target of 60 mmHg is likely to be appropriate to
the majority of patients and this appears to be the most

Figure 1 Changes in cerebral blood flow caused by independent

alterations in arterial pressures of carbon dioxide and oxygen

(PaCO2 and PaO2) and mean arterial pressure (MAP).

Abbreviations: CBF, cerebral blood flow; MAP, mean arterial

pressure; PaCO2, partial pressure of carbon dioxide in arterial

blood; PaO2, partial pressure of oxygen in arterial blood.
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rational objective for the initial management (first 24–48
hours) of the brain injured patient.

As noted earlier, there is variation of CBF with time
after TBI. It may prove to be that the importance of CPP
support and the incidence of pressure related jugular desa-
turation are, in fact, greater in the first 24 to 36 hours after
injury. Many TBI victims require anesthesia and surgery
soon after injury and it seems reasonable, especially in the
absence of SjvO2 monitoring and pending information to
the contrary, to maintain CPP at a minimum of 60 mmHg
during these procedures. In particular, management strat-
egies that have been proposed that accept CPPs as low as
50 mmHg are risky in the early postinjury period, as these
strategies may be associated with cerebral ischemia that is
reversible with higher CPPs (42). For the time being, the
appropriate target CPP will be a matter for local agreement
among neurosurgeons, intensivists, and anesthesiologists.
Contemporary “targets,” however, should be higher than
those of the past years and an absolute minimum of
60 mmHg is a widely, though informally, adopted objective.

Principles of blood pressure management include the
following aspects: (i ) It is generally accepted that the
injured brain is more vulnerable to mild insult including
modest hypotension, (ii ) Cerebral perfusion of injured
brain deteriorates at pressure that is less than 70 mmHg,

but measures taken to maintain CPP at this level may lead
to increased morbidity in some patients, and (iii ) Pending
further evaluation, a target CPP of not less than 60 mmHg
seems reasonable.

Fluid Management
The crystalloid colloid debate has not been resolved. The
established facts are as follows: (i) The administration of
fluids that provide free water and thereby result in a
reduction of serum osmolality will cause edema in both
normal and abnormal brain. D5W is the obvious example
and should not be used as a resuscitation fluid in TBI
patients. Also, note that lactated Ringer’s solution is slightly
hypo-osmolar and, when administered in large volumes, can
also cause edema in normal brain (43). Some free water is
appropriate when brain swelling is not severe and when
ICP is normal. A mixture of lactated Ringer’s and normal
saline may be more appropriate for the patient requiring
large volumes of crystalloid for resuscitation. (ii) Reduction
of colloid oncotic pressure (as occurs when serum proteins
are diluted during resuscitation with isotonic crystalloid)
does not cause edema in the normal brain despite the familiar
edematogenic effects seen on peripheral tissues. Most care-
fully conducted studies suggest that it also does not cause
edema in injured brain [see Kaieda et al. (44) for further dis-
cussion and extensive references]. However, the majority of
the relevant investigations have been performed in the
setting of artificial mass lesions, ischemic cerebral injury,
and cryogenic cerebral injury. While cryogenic injury is
widely accepted as a paradigm of closed head injury, the
validity of that analogy has never been well demonstrated.
A single investigation performed in a model of percussive
head injury in rats has, in fact, demonstrated aggravation
of cerebral edema in association with a 50% reduction of
colloid oncotic pressure accomplished without reduction of
serum osmolality or blood pressure (45). The injury in that
study was deliberately mild, in other words, just sufficient
to open the blood brain barrier (BBB), with the intent of
damaging the endothelial barrier just enough to make its per-
meability analogous to peripheral tissue. Accordingly, that
result may not be applicable to insults of either greater or

lesser severity and it must therefore be acknowledged that
the general importance of colloid oncotic pressure in the
evolution of post traumatic brain edema is undefined.
Accordingly, an approach that avoids profound reduction
of colloid osmotic pressure (while meticulously avoiding
reduction of osmolality) is probably appropriate. In most
clinical circumstances this requires a mixture of colloids
and isotonic crystalloids (mostly normal saline).

Hypertonic Crystalloids
Laboratory and clinical data suggest that hypertonic sol-
utions (e.g., 3% saline) are effective for volume resuscitation
and result in lesser degrees of cerebral edema (46). In circum-
stances where the BBB is relatively intact (in which condition
the cerebral capillary network is impervious to sodium)
hypertonic saline (HTS) would be expected to have an
osmotic diuretic effect, which is similar to other hyperosmo-
lar solutions, including mannitol. HTS is likely to become
part of a standard trauma resuscitation regimen of the
future (particularly in solitary TBI). However, while there
is considerable enthusiasm for the use of HTS at individual
institutions, and anecdotal reports of situations in which ICP
had become refractory to mannitol therapy but was respon-
sive to HTS, there are no data to confirm superiority of HTS
over mannitol (47). At present, HTS is not universally used,
probably because of persistent uncertainty over the physio-
logic implications of the very high serum sodium concen-
trations that can occur with the use of these solutions. It is
likely that the decision about the final role of hypertonic sol-
utions will be made on the basis of their systemic, as well as
their cerebral effects. What is best for the stability of the sys-
temic circulation will ultimately be what is best for the brain.
At UCSD, we often resuscitate with a combination of normal
saline and Ringer’s, then supplement with a lower infusion
rate of 3% saline in TBI patients, titrating against osmolality,
serum sodium, and ICP.

Colloidal Solutions
If local practices (or the inability to “catch up” effectively
with crystalloids) dictate the use of a colloid, multiple
options are available. Albumin is very acceptable, and
although expensive, is the first line colloid choice for TBI.
Albumin 5% is typically employed, however, in patients
who are massively total body fluid overloaded, yet intravas-
cular depleted, and in whom serum albumin is very low (e.g.,
the cirrhotic patient with TBI), 25% albumin is also useful.

Conversely, dextran coats platelets and red cells and
makes crossmatching difficult. This is, therefore, usually
avoided following trauma. Hetastarch is less expensive
than albumin but also adversely effects coagulation
(because of effects on the factor VIII complex). Although,
the manufacturer’s recommended limit for Hespan/
Hextend is 20 mL/kg/day, and for Pentaspan is 28 mL/kg/
day, we recommend that lower limits be employed in TBI
patients, that is, a maximum 15 mL/kg/24 hours in patients
with intracranial pathology (and probably in all trauma
patients) (48–51). Pentastarch (Pentaspan, Dupont Critical
Care), which is available in Canada is similar to the 6%
hetastarch preparations available in the United States but
has half the average molecular weight and probably less
effect on Factor VIII. It has had only limited investigation
in major fluid replacement situations and, as a precautionary
measure, dosage should be limited to less than the manufac-
turer’s 28 mL/kg/day limit (52). In patients who already
have or are at risk for coagulation dysfunction, which
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includes a significant proportion of trauma patients, the
starches should be limited more aggressively or omitted
altogether.

Blood Glucose Management
There is a very large body of preclinical evidence as well as
consistent, if not absolutely convincing, evidence from
patients to the effect that an elevated blood glucose level at
the time of a cerebral ischemic event is associated with a
poorer neurologic outcome. Ischemia is almost certainly a
component of the pathophysiology of TBI and an association
of hyperglycemia and brain tissue acidosis following TBI
that has been demonstrated (53). Accordingly, adminis-
tration of exogenous glucose without a specific indication,
that is, hypoglycemia, should be viewed as contraindicated
during the immediate postinjury period. Thereafter, how
aggressive should the anesthesiologist be with respect to
intraoperative glucose control in setting the acute TBI, in
other words, of what should the glucose treatment threshold
consist? There are no data to confirm that “tight” control
during the relatively brief duration of a craniotomy has
any influence on the outcome. Accordingly some will treat
at a traditional threshold of Ca 250 mg/dL. Others may
attempt to achieve the plasma glucose range of 80 to
120 mg/dL that has been shown to be associated with
decreased morbidity and mortality during a longer term of
ICU care. Whatever threshold is chosen, intervention with
insulin must be managed such that the added risk of signifi-
cant hypoglycemia is essentially nil. That is to say that the
clinician seeking to achieve “tight” control must be willing
(and able) to measure plasma glucose concentrations fre-
quently.

Principles of fluid management include: (i ) Fluids

that provide free water and thereby reduce serum osmolality
will cause edema in normal and injured brain, (ii ) Reduction
in colloid oncotic pressure does not cause edema in a
normal brain and probably not in an injured brain either,

(iii ) A reasonable approach would be to avoid profound
reduction of colloid oncotic pressure by using a mixture
of colloid and isotonic crystalloids, and (iv ) Hypertonic sol-
utions may provide an advantage over isotonic solutions,
but currently, concerns over the physiologic implication of

very high sodium concentrations have limited their use.

CO2 Management
Hyperventilation has long been a standard component of the
management of the TBI patient perceived to be at risk for
increased ICP. While maintaining ICP , 20 mmHg, or mini-
mizing retractor pressure and facilitating surgical access
remain the priorities that justify hypocapnia, and while
there is evidence that the autoregulatory response to
sudden hypertension may be partially restored by hyperven-
tilation in head injured patients, there is also increasing evi-
dence that prolonged, postresuscitation, postoperative
hyperventilation is deleterious and should not be employed
(23,54–60). Part of the increased morbidity with prolonged
postresuscitation hyperventilation resides in the fact the
decrease in ICP due to hyperventilation is not a sustained
phenomenon (Fig. 2). In addition, hyperventilation can
result in ischemia, especially when baseline CBF is low,
which is especially prone to be the case in the first
24 hours following TBI (23,24,61,62). An increased occur-
rence of very low CBF brain regions has been demonstrated
in TBI patients who were hyperventilated acutely (63). Fur-
thermore, from centers that monitor SjvO2, there have been

numerous observations that the arterial jugular venous
oxygen difference can be reduced and that lactate levels in
the jugular venous effluent can be decreased by reducing
the degree of hyperventilation that was used (23,62,64,65).
Because clinical research is extremely difficult to conduct,
(partly due to the numerous confounding variables),
“proof” of deleterious effects of hyperventilation has been
difficult to obtain. The closest thing to “proof” resides in a
study by Muizelaar et al. (51). These authors performed an
investigation in a group of patients with moderate head inju-
ries. They divided the patients into a near normocapnic
group in which the carbon dioxide tension was maintained
at approximately 35 mmHg, and a hypocapnic group in
which the carbon dioxide tension was maintained in the
vicinity of 25 mmHg. They examined the outcome at three
and six months following injury and observed a poorer
status in a subpopulation of the hyperventilation group.
The particular subpopulation included those patients with
the best initial motor scores, in other words, a subgroup in
whom the severity of injury was such that while they
merited intubation by conventional criteria, their clinical
condition was such that hyperventilation was not necess-
arily required for ICP control, that is, they had little to gain
from hyperventilation.

We believe that the current clinical management,
which can be extrapolated appropriately from the evolving
information, is that the hyperventilation should be used
selectively and briefly rather than routinely or in a pro-
longed fashion. Temporary control of ICP, resuscitation
from impending herniation, and the facilitation of surgical
access are still important objectives in the management of
neurosurgical patients and to the extent that the hyperven-
tilation contributes to these objectives it still should be
employed. Hyperventilation should be employed in much
the same manner as any other pharmacologic or nonphar-
macologic therapy. A specific reason for its institution

Figure 2 Arterial CO2 tension [arterial pressure of carbon

dioxide (PaCO2)], cerebral blood flow, and cerebrospinal fluid

pH changes with prolonged hyperventilation. Whereas the

decreased arterial PaCO2 and systemic alkalosis persist for the

duration of hyperventilation, the pH of the brain and CBF return

toward normal over 8 to 12 hours. Abbreviations: CBF, cerebral

blood flow; CSF, cerebrospinal fluid; PaCO2, partial pressure

of carbon dioxide in the arterial blood.
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must exist, and when the indication no longer prevails the
intervention should be reduced or withdrawn. Prin-
ciples of CO2 management include: (i ) Hyperventilation
and hypocapnia can decrease ICP and facilitate surgical
access, (ii ) Hyperventilation and associated cerebral vaso-
constriction can lead to cerebral ischemia especially in

areas of low CBF, and (iii ) Postoperative, prophylactic
hyperventilation is associated with worse outcomes and
should not be used without a specific indication.

Choice of Anesthetic Agents
Patients with GCS between three and eight may initially
require minimal anesthetic drugs for intubation or surgery.
By contrast, patients with GCS between 9 and 15 may
require normal anesthetic drug concentrations to endure cra-
niotomy. In addition to anticipating drug concentration
requirements, specific anesthetic agent selection is very
important. The general focus in selecting the anesthetic
agents for the TBI patient is to choose those who cause left-
ward movement along the pressure volume (“elastance”)
curve (Fig. 3). In general, ICP increases with increasing
CBV (as occurs with increased CBF). Accordingly in
general, agents that are known to be cerebral vasoconstric-
tors are preferable to those that dilate the cerebral circula-
tion. As discussed earlier (Table 2), all of the intravenous
anesthetic agents, except for ketamine, cause cerebral vaso-
constriction and therefore decrease CBF and ICP (Fig. 4). It
appears, however, that if sufentanil or alfentanil and prob-
ably any narcotic are administered in a manner that results
in decrease in blood pressure, a vasodilatory response (pre-
sumably reflecting a normal, autoregulation mediated event)

Figure 4 Changes in cerebral blood flow and cerebral

metabolic rate caused by intravenous anesthetic agents. The data

are derived from human investigations and are presented as a

percentage of change from unanesthetized control values.

Abbreviations: CBF, cerebral blood flow; CMRO2 cerebral

metabolic rate.

Figure 3 Intracranial pressure volume relationship (elastance).

Initially, there is some latitude for compensation in the face of an

expanding intracranial lesion (horizontal portion of the curve).

This compensation is accomplished largely by displacement of

cerebrospinal fluid and venous blood from the intracranial to

extracranial spaces. However, as reserves are exhausted, the

patient’s brain (and other intracranial constituents) movement

appears to be to the right on this pressure volume (elastance) curve.

The further to the right, the less compliant (higher elastance), and

the subsequent change in pressure resulting from any change in

volume becomes increasingly large with the associated hazards of

herniation or decreased cerebral perfusion pressure resulting in

ischemia. Abbreviations: CPP, cerebral perfusion pressure;

CSF, cerebrospinal fluid.

Figure 5 Estimated changes in cerebral blood flow and cerebral

metabolic rate for oxygen caused by volatile anesthetic agents.

Abbreviations: CBF, cerebral blood flow; CMRO2 cerebral

metabolic rate for oxygen; MAC, mininum alveolar concentration.
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with a concomitant ICP increase may occur. All of the
inhaled agents (N2O and all of the vapors) have cerebral
vasodilatory effects (Fig. 5). Although the administration of
low concentrations [i.e., ,0.5 minimum alveolar concen-
tration (MAC)] of the inhaled vapors will frequently be
consistent with acceptable ICP levels and/or appropriate
conditions in the surgical field, when the ICP is out of
control (or unknown) or the surgical field is “tight,” omitting
the inhaled agents in favor of intravenous agents is
recommended. Choice of anesthetic agents include:
(i ) Agents known to be cerebral constrictors are generally

preferable, (ii ) All the IV anesthetic agents except ketamine
cause some cerebral vasoconstriction, (iii ) All the inhaled
anesthetic agents have cerebral vasodilating effects, and
(iv ) When ICP is elevated or surgical field is tight, the
anesthetic technique favoring fixed intravenous agents is

appropriate. Remember the possibility, in the setting of
missile injury or compound skull fracture, of intracranial
air and the inadvisability of N2O in its presence. A quick
checklist of perioperative causes of high ICP in patients
with decreased intracranial compliance is provided in
Table 5.

Jugular Venous Saturation Monitoring
Jugular venous oxygen saturation monitoring has been in
use for many years and SjvO2 monitoring as a guide to the
clinical management of TBI patients has been studied
by numerous investigators (36, 64–68). The underlying
concept is that a marginal or inadequate CBF will result in
an increasing oxygen extraction, a widening A-V content
difference, and a falling jugular venous PvO2 or SjvO2. The
rationale is valid. However, because it is a global measure
of cerebral oxygenation, areas, in particular relatively small
areas, of focal ischemia may not be revealed by SjvO2 (41).
In the ideal situation, SjvO2 monitoring is combined with
an intraparenchymal PO2 electrode in the vicinity of any
focal lesion. The availability of intravascular catheters that
permit the continuous monitoring of SjvO2 has made the
former technique practical. Nonetheless, the technique is
almost never used during acute resuscitation because it is
a technically demanding procedure, thus potentially delay-
ing more important initial treatment (intubation, CT brain,
craniotomy, and ICP monitor placement). In addition,
many perceive the rate of false positive responses (caused
mostly by catheter malpositioning) to be excessive. Accord-
ingly, jugular venous saturation monitoring is most often
used for research applications and for monitoring TBI
patients in the ICU.

Hypothermia
The efficacy of mild hypothermia in reducing brain damage
induced after experimental TBI has been demonstrated
repeatedly. The use of mild hypothermia in the clinical
management of TBI patients has been the subject of small,
prospective controlled trials in at least five centers (69–74).
These trials appeared to indicate improvement in ICP,
cerebral oxygen supply/demand, and outcome, and that
patient tolerance of sustained mild hypothermia (32–348C)
was reasonable. Nonetheless, a subsequent multicenter
trial revealed no overall benefit of hypothermia (75). Post
hoc analysis demonstrated that patients who were hypo-
thermic (,358C) on admission to hospital benefited from
hypothermia, while those who were normothermic on
admission did not. Patients .45 years of age derived no
benefit at any admission temperature. Although it failed

to improve the outcome, hypothermia resulted in a lesser
incidence of ICP .30. Nonetheless, because the overall
outcome was not improved, mild hypothermia is yet
not part of the early management of the acutely head
injured patient.

Among the concerns is that this first trial failed to
achieve cooling sufficiently rapidly; and patients may not
have been cooled for a long enough duration. A follow up
trial is the process of enrolling patients under 45 years of
age who arrive at hospital with a temperature less than or
equal to 358C thereby taking advantage of the hypothermia
that occurs spontaneously in the field. These patients are
randomized to 48 hours of continued mild hypothermia or
immediate passive rewarming.

The effect of temperature on the head-injured
trauma patient can be summarized as follows: (i ) Early

studies suggested that mild hypothermia would reduce sec-
ondary injury in the TBI patient, (ii ) A large multicenter trial
did not show overall improvement in the outcome, (iii ) Post
hoc analysis suggested that early hypothermia in selected

subgroups of patients may be beneficial, (iv ) Fever or
aggressive warming is deleterious, and (v ) Further study
is ongoing.

EYE TOTHE FUTURE

Several pharmacologic agents proposed to have cerebral
protective properties that proved promising in laboratory
models of TBI have come to clinical trial. The results have
been, in general, disappointing (76). A prospective trial of
the oxygen-derived free radical scavenger, superoxide dis-
mutase (pegorgotein), revealed no significant reduction of
mortality or morbidity (77). Selfotel (CGS-19755), a competi-
tive antagonist of the NMDA receptor, underwent random-
ized prospective clinical trials in the setting of both TBI
and stroke. No benefit was observed in TBI, and the stroke
trials were discontinued because preliminary analysis
suggested that brain-related mortality (cerebral edema, pro-
gression of stroke) was worse in selfotel treated patients (78).
Trials of two additional glutamate related agents (the glycine
site antagonist ACEA1021 and the glutamate subunit antag-
onist CP101-606) have been undertaken (79,80). The former
was discontinued, reportedly, because of crystal formation
in the bladder. Data analysis and publication is still
pending in the latter. The free radical scavenger tirilazad
mesylate has shown some efficacy in SAH and was recently
tested in TBI, with negative overall trial results (81).
However, post hoc subgroup analysis suggested that
patients with subarachnoid blood benefited from tirilazad
administration (80). Nimodipine has also been studied in
head injured patients. Consistent with the apparent efficacy
of nimodipine in SAH, an improvement in the outcome was
observed among TBI patients in the subgroup with
subarachnoid blood, who received nimodipine (82). That
study, however, was criticized because the control (nonSAH)
group was composed of older patients. A recent Cochrane
meta-analysis of prospective TBI investigations evaluating
the efficacy of calcium channel blockers revealed no overall
benefit (83). However, the effects of nimodipine in a sub-
group of TBI patients with subarachnoid hemorrhage
showed some benefit (though with an increase in adverse
reactions) (83).

A single center trial of triamcinolone indicated a
benefit in patients with focal injuries (84). However, an
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absolute case supporting the use of steroids in acute TBI
could not be made due to sample size. As a result, a multi-
national “megatrial,” the corticosteroid randomization after
significant head injury (CRASH) trial, was undertaken to
investigate the effect of high dose methyl prednisolone on
two-week mortality and six-month outcome after TBI. That
trial was terminated following enrollment of just over half
of an intended 20,000 patients after an interim analysis of
the mortality data revealed a significant increase in death
at two weeks post injury in the steroid treated group (85).

Other drugs that decrease brain edema may be helpful.
A recent clinical trial of Bradycor (bradykinin antagonist)
showed a reduction in ICP, but no change in the outcome
(86). In addition to the drugs mentioned earlier, a number
of agents are undergoing early (phase I or preclinical)
evaluation (Table 6) (86). Another drug that has demonstrated
mechanistic evidence of neuroprotection is Topiramate
[an a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA)/kainite receptor inhibitor]. A small phase II study
using brain microdialysis catheters to measure brain inflam-
matory compounds demonstrated glutamate reduction and
neurochemical improvement (87).

Beside the drugs mentioned earlier, a number of
additional agents are currently undergoing early (phase I
or preclinical) evaluation (Table 6) (89–91). After evaluation
it is still unknown which of these compounds, if any, will
become clinically useful. However, as our investigational
techniques improve, and our understanding of brain patho-
physiology improves, we are optimistic that continued
improvements in TBI outcomes will occur.

SUMMARY

Initial efforts in the management of TBI are focussed upon
successful resuscitation, establishing or maintaining a
patent airway, ensuring adequate gas exchange, and sup-
porting the BP. If, after initial resuscitation, the patient
needs to go for surgical intervention, many issues should
be addressed, including the utility of ICP monitoring.
During any intervention after head injury, adequate
perfusion of the brain is extremely important. Although
research continues in this area, BP should probably be
managed to provide CPP at or above the widely accepted

threshold of 60 mmHg or another value mutually agreed
upon with the surgical team.

With regard to fluid management, administration of
excessive free water can lead to cerebral edema in both
normal and injured brain. The evidence regarding the
relationship between reduction of colloid osmotic pressure
alone and cerebral edema is less clear, but profound
reduction in colloid osmotic pressure should be avoided.
After taking these considerations into account, further
decision regarding fluid administration should be based on
optimizing systemic circulation.

Hyperventilation has long been used as a method of
reducing ICP, especially in the acute setting. Caution
should however be used with this technique in nonoperative
patients, and for operative patients following dural opening.
Prolonged prophylactic hyperventilation is associated with
poor outcomes. This is likely partly due to the fact that the
reduction in ICP induced by hyperventilation is transient,
and complicates subsequent ventilation and ICP management,
and may also cause focal ischemia in vulnerable regions.

With respect to choice of anesthetics, almost all anes-
thetic agents can be used in head injured patients, but their
effects on CMRO2, CBF, and ICP must be understood and
the use of some agents should be curtailed in certain circum-
stances. In general, intravenous anesthetics (except keta-
mine) promote cerebral vasoconstriction and a reduction in
CMRO2, CBF, and ICP, whereas inhaled anesthetics tend to
cause vasodilation and potentially an increase in ICP.

Understanding the concepts covered in this chapter
should provide trauma emergency and intraoperative care
physicians with information needed to achieve the best
possible outcome for the TBI patient. The interested reader
is also referred to Volume 2, Chapter 12 for postoperative
management in the ICU.

KEY POINTS

Remembering the sacred code “first airway, breathing,
and circulation (ABC) then, intracranial pressure
(ICP)” may limit the harmful distraction of an excessive
initial emphasis on ICP.
Objectives to prioritize during initial intervention
include: (i) securing the airway, (ii) guaranteeing gas

Table 6 Novel Neuroprotective Agents for Traumatic Brain Injury Currently Under Development

Agent Type of agent Type of studies Comments

BAY 38-7271 Cannabinoid agonist Phase I Significant neuroprotectant when administered

immediately after SDH (70% infarct volume

reduction); even when applied with a 3-hour delay,

significant neuroprotective efficacy was observed

(59% infarct volume reduction) (74)

NS 1209 AMPA antagonist Phase I No data available

S-1746 AMPA antagonist Phase I No data available

ARR-15896AR NMDA antagonist Preclinical

BAY 44-2041 Adenosine reuptake inhibitor Preclinical Increases perfusion in TBI

Immunophilins Immunosuppressants Preclinical Neuroprotectant properties in TBI (75)

NAALADase

inhibitors

NAALADase inhibitors Preclinical Neuroprotectant properties in ischemia, and TBI (76)

Abbreviations: AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)-type glutamate receptors; NAALADase, N-acetylated a-linked

acidic dipeptidase; NMDA, N-methyl-D-aspartate; SDH, subdural hematoma; TBI, traumatic brain injury.

Source: From Ref. 76.
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exchange, (iii) stabilizing the circulation, and (iv) mana-
ging ICP as is appropriate.
Principles of blood pressure management include the
following aspects: (i) It is generally accepted that the
injured brain is more vulnerable to mild insult includ-
ing modest hypotension, (ii) Cerebral perfusion of
injured brain deteriorates at a pressure that is less
than 70 mmHg, but measures taken to maintain CPP
at this level may lead to increased morbidity in some
patients, and (iii) Pending further evaluation, a target
CPP of not less than 60 mmHg seems reasonable.
Principles of fluid management: include: (i) Fluids that
provide free water and thereby reduce serum osmolal-
ity will cause edema in normal and injured brain,
(ii) Reduction in colloid oncotic pressure does not
cause edema in a normal brain and probably not in
an injured brain either, (iii) A reasonable approach
would be to avoid profound reduction of colloid
oncotic pressure by using a mixture of colloid and iso-
tonic crystalloids, and (iv) Hypertonic solution may
provide an advantage over isotonic solutions, but cur-
rently, concerns over the physiologic implication of
very high sodium concentrations have limited their use.
Principles of CO2 management include: (i) Hyperventi-
lation and hypocapnia can decrease ICP and facilitate
surgical access, (ii) Hyperventilation and associated
cerebral vasoconstriction can lead to cerebral ischemia
especially in areas of low CBF, and (iii) Postopera-
tive, prophylactic hyperventilation is associated with
worse outcomes and should not be used without a
specific indication.
Choice of anesthetic agents include: (i) Agents known
to be cerebral constrictors are generally preferable, (ii)
All the IV anesthetic agents except ketamine cause
some cerebral vasoconstriction, (iii) All the inhaled
anesthetic agents have cerebral vasodilating effects,
and (iv) When ICP is elevated or surgical field is tight,
the anesthetic technique favoring fixed intravenous
agents is appropriate.
The effect of temperature on the head-injured trauma
patient can be summarized as follows: (i) Early
studies suggested that mild hypothermia would
reduce secondary injury in the TBI patient, (ii) A large
multicenter trial did not show overall improvement in
the outcome, (iii) Post hoc analysis suggested that
early hypothermia in selected subgroups of patients
may be beneficial, (iv) Fever or aggressive warming is
deleterious, and (v) Further study is ongoing.
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INTRODUCTION

Penetrating neck trauma has the potential to challenge the
skills of even the most experienced trauma care provider.
The airway, breathing, circulation, and disability of the
Advanced Trauma Life Supportw (ATLSw) (1) primary
survey are all simultaneously at risk. For example, one
study of penetrating laryngotracheal injuries, 50% of which
were gunshot wounds, reported multiple injuries to major
structures in 81% of the patients (2).

To further complicate management, these patients can
suffer from concomitant penetrating or blunt injuries else-
where on the body. Many patients will require immediate sur-
gical intervention, whereas others may only require diagnostic
studies and observation. The optimal surgical management is a
currently evolving one.

Airway management techniques are also subject to
debate and deserve further study. Penetrating neck injury
is treacherous. A patient that appears stable can suddenly
lose the airway either from direct injury to the airway or
an expanding hematoma. Until these and other injuries
are ruled out, the patient should be under constant
vigilance.

HISTORY

Recorded descriptions of penetrating neck trauma reach as
far back as 5000 years ago, where the treatment of an eso-
phagocutaneous fistula following penetrating neck injury
was described in the Edwin Smith papyrus (3). In 1552,
Ambroise Pare was credited with the first successful oper-
ative management of a penetrating neck wound when he
ligated the common carotid artery and internal jugular
vein of a soldier wounded in a duel (4). Two centuries
later, further initial successes were achieved again with
vascular ligation after injury. In 1803, Fleming (5) docu-
mented a successful outcome with ligation of the
common carotid artery after injury sustained by laceration.
In 1811, Abernathy ligated a lacerated common and
internal carotid artery in a patient who had been gored
by a bull (4).

Data from the Civil War, the Spanish American War,
and World War I demonstrated that mortality from penetrat-
ing neck injury during the late 1800s and early 1900s ranged
from 15% to 18% (6). The large number of arterial aneurysms

and pseudoaneurysms reported as delayed complications
are evidence that expectant management of penetrating
neck injuries was commonplace. During World War II,
however, an aggressive approach of immediate mandatory
exploration after penetrating neck injury was adopted
and mortality decreased. Following World War II, in 1956,
Fogelman and Stewart (6) reported a series of 100 patients
sustaining penetrating neck wounds managed aggressively
with immediate exploration and a resultant mortality rate
of 6%. In the decades following World War II, operative
exploration was based upon zone of the neck injured, hemo-
dynamic stability, and symptoms of the patient, as well as
the results from angiography. The advances in therapeutic
modalities, diagnostic capabilities, and a reduction in the
time from injury to definitive therapy have all resulted in con-
tinued lowering of mortality rates (0.8–11%) for penetrating
neck injuries (2,7–12).

More recently, selective management is becoming
increasingly practiced and refined. Emergency surgical
exploration remains the operative treatment of choice for
patients who present hemodynamically unstable, or with
direct evidence of vascular, neurological, or aerodigestive
tract injury. However, the management of patients with
stable vital signs is still evolving. Routine neck exploration
of all the wounds penetrating the platysma muscle is no
longer widely practiced in asymptomatic patients. Rather,
selective management, based on the clinical examination
and imaging studies, most notably helical computed tomo-
graphic angiography (HCTA), is determining which patients
are explored (13).

ANATOMY

The neck is a significant anatomic region for the trauma
surgeon in that 5 to 10% of all traumatic injuries involve
the neck and it contains many important structures within
a relatively limited space. Most organ systems have com-
ponents that traverse the neck, including the respiratory,
cardiovascular, digestive, neurologic, and skeletal systems.
Although the vital structures within the neck are protected
posteriorly by the vertebral column, superiorly by the skull
and face, and inferiorly by the upper thoracic cavity,
they remain vulnerable to injury from anterior and lateral
penetrating trauma.
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Two fascial layers exist within the neck. The superficial
layer is found within the subcutaneous tissue and envelops
the platysma muscle. The platysma is of particular
importance to the trauma surgeon because it serves as
the anatomic landmark between superficial and deep pene-
trating injuries to the neck. The deep cervical fascia,
which supports the musculature, vessels, nerves, and
viscera of the neck, is divided into three layers: the investing
fascia, the pretracheal fascia, and the prevertebral fascia. The
investing fascia completely encircles the neck and splits to
envelop the trapezius and sternocleidomastoid muscles.
The pretracheal fascia envelops the larynx, trachea,
thyroid, and esophagus terminating in the mediastinum by
blending with the pericardium. The prevertebral fascia
encloses the prevertebral musculature, including the
longus capitus, longus cervices, scalenus anterior, scalenus
medius, levator scapulae, and splenius capitus. The axillary
sheath is formed as fibers of this fascial layer travel with the
components of the brachial plexus as they emerge between
the scalenus anterior and scalenus medius. A blending of
the investing and pretracheal fascia anteriorly with the pre-
vertebral fascia posteriorly forms the carotid sheath, which
surrounds the common and internal carotid arteries as
well as the internal jugular vein and the vagus nerve.

By extending diagonally across the neck from the
mastoid process to the clavicle and sternum, the sternocleido-
mastoid muscle divides the neck into an anterior and pos-
terior triangle (Fig. 1). The posterior triangle is further
divided into a supraclavicular triangle and an occipital
triangle by the posterior belly of the omohyoid. The posterior
belly of the digastric and the anterior belly of the omohyoid
further divide the anterior triangle into a submandibular,
carotid, and muscular triangle. The anterior triangle houses
the major vascular (common/internal/external carotid
arteries and internal jugular vein) and aerodigestive (larynx,

pharynx, trachea, and esophagus) structures as well as the
vagus nerve, thyroid, and salivary glands. The posterior
triangle, however, contains few important structures with
the exception of the accessory nerve (CN XI), phrenic nerve,
brachial plexus, and inferiorly at its base, the subclavian
vessels.

The thoracic duct emerges from the mediastinum on the
left alongside the esophagus at the level of the transverse
process of the seventh cervical vertebra. It then turns laterally,
posterior to the carotid sheath, and anterior to the vertebral
artery. As the duct approaches the scalene muscles, it turns
inferiorly along the surface of scalenus anterior, in front of
the phrenic nerve, draining into the proximal subclavian or
internal jugular vein.

The neck is divided into three zones. Zone I
includes the thoracic inlet (clavicles to the cricoid cartilage).

Zone II includes the structures of the mid-neck (cricoid car-
tilage to the angle of the mandible). Zone III includes the
structures near the skull base (angle of the mandible to
the base of the skull).

In an effort to aid in the decision-making process for
diagnostic evaluation and timing of operation, surgeons
have divided the neck into three zones (Fig. 2) as opposed
to the anterior and posterior regions described by anatomists.
Zone I extends from the clavicles/sternal notch to the inferior
margin of the cricoid cartilage encompassing the proximal
great vessels, proximal vertebral arteries, pleural cupula,
brachial plexus, thoracic duct, spinal cord, distal trachea,
and esophagus. Zone II includes the area from the inferior
margin of the cricoid cartilage to the angle of the mandible
and is the most frequent site of penetrating injury. Structures
in this zone include the common, internal, and external
carotid arteries, vertebral artery, jugular veins, trachea,
larynx, esophagus, spinal cord, vagus and recurrent laryngeal
nerves, as well as the thyroid and salivary glands. Zone III

Figure 1 Muscular triangles of the neck. Figure 2 Surgical zones of the neck.
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extends from the angle of the mandible to the base of the skull.
Injuries to structures in this zone can be very difficult to
expose, oftentimes requiring extensive maneuvers, which
permit vascular exposure at the skull base. Structures in
this zone include the distal internal carotid artery, distal
vertebral artery, cranial nerves, pharynx, and parotid gland
(Table 1).

PREVALENCE

The frequency of injury to individual anatomic structures in
the neck is proportional to the volume and exposure of the
tissue subgroups. By examining studies reported between
1963 and 2001, an estimate of the incidence of various inju-
ries occurring after penetrating neck trauma can be deter-
mined (Table 2). Vascular injuries accounted for 22% of all
injuries with an equal distribution of artery and venous
involvement (11% each). The carotid artery was involved
in 6.7% of cases, whereas the vertebral artery was involved
in only 1.8%. The internal jugular was the most commonly

injured vein at 8.9%. Aerodigestive injuries occurred in
approximately 22% of all injuries with the larynx/trachea
and pharynx/esophagus involved equally (11% each). Inter-
estingly, the neuronal structures were injured in only 8% of
cases. This may be explained by their presence deeper in
the neck and the protection afforded by the bony spinal
column. Other tissue subgroups were involved much less
commonly at 0.9%.

EVALUATION
Primary Survey
Initial evaluation of any patient with penetrating neck
trauma must focus on the principles of ATLS. Upon arrival
of the patient to the resuscitation suite, a rapid and thorough
primary survey is performed with emphasis on airway man-
agement (Volume 1, Chapter 8).

Significant abnormalities in oxygenation/venti-
lation or the presence of stridor, significant hematoma,
gross hemorrhage, or a depressed mental status are all indi-
cations for definitive airway management.

In airway management for penetrating neck

trauma, blind techniques should be avoided because of
the risk of releasing a hematoma under tamponade
(causing exsanguination or significant aspiration), or con-
verting partial airway obstruction/injury into complete lost
airway (due to obstruction/transection).

After establishing a stable airway, adequate ventilation
must be assured because injury to the trachea, great vessels, or
lung parenchyma may cause a pneumothorax or hemothorax
requiring pleural decompression. All external hemorrhage
should be managed by direct pressure; no attempts at clamp-
ing bleeding sources should be made in the resuscitation
suite. Hemodynamic assessment and resuscitation as well
as cervical spine immobilization are addressed after appro-
priate airway and ventilatory management. Patients with
exsanguinating hemorrhage, evolving neurologic deficit,
expanding hematoma, and those who are unresponsive to
resuscitation are taken emergently to the operating room for
exploration (Table 3).

Secondary Survey
Hemodynamically normal patients should undergo a
thorough secondary survey (Volume 1, Chapter 14), which
includes a comprehensive history. Pertinent history obtained
from the patient, prehospital personnel, family members, or
others at the scene should include determination of the time
and mechanism of the injury, size of the weapon used,

Table 1 Zones of the Neck and Their Significant Compound Structures

Significant structures

Visceral Vascular Neural

Zone I Pleural cupulae, distal trachea,

distal esophagus, thoracic duct

Proximal common carotid

artery, proximal subclavian

vessels, brachiocephalic artery (R)

and veins, vertebral artery

Brachial plexus, spinal cord

Zone II Trachea, larynx, esophagus,

thyroid, salivary glands

Common/internal/external carotid

arteries, vertebral artery, jugular vein

Spinal cord, vagus nerve,

recurrent laryngeal nerve

Zone III Pharynx, parotid gland Distal internal carotid artery, distal

vertebral artery

Cranial nerves

Table 2 Distribution of Neck Injuries

Number Percent

Vascular 623 22.1

Arterial 314 11.2

Carotid 189 6.7

Subclavian 64 2.3

Vertebral 50 1.8

Innominate 11 0.4

Venous 309 11.0

Internal jugular 252 8.9

Subclavian 45 1.6

Innominate 12 0.4

Aerodigestive 608 21.6

Larynx/trachea 301 10.7

Pharynx/esophagus 307 10.9

Neural 235 8.3

Spinal cord 107 3.8

Nerve injury 128 4.5

Miscellaneous 26 0.9

Thoracic duct 21 0.7

Salivary gland 5 0.2

Total 1492

Source: From Refs. 2, 16, 19, 20, 23, 25, 44, 51, 53–61.
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quantification of blood loss at the scene, progression of
symptoms en route to the hospital, and whether conscious-
ness was lost. If possible, the patient should be pointedly
questioned about pain, difficulty breathing, speaking, or
swallowing, as well as any change in voice character and
the presence of paresthesias or weakness in any extremity.
Next, a detailed physical exam with particular attention
paid to the head, neck, chest, and upper extremities is per-
formed. The location, size, and character of entrance and
exit wounds are assessed, but wounds are not probed.
Signs and symptoms consistent with injury to the visceral,
vascular, or neuronal structures of the neck must be con-
sidered and evaluated. Subcutaneous emphysema, stridor,
dysphonia, hemoptysis, pneumomediastinum, air bubbling
from the wound, dysphagia, or retropharyngeal air could
indicate an injury to the aerodigestive tract. Signs and symp-
toms of a vascular injury include persistent bleeding, hypo-
tension, pulse deficit, hematoma, bruit, thrill, Horner’s
syndrome, and neurologic deficit (Table 4).

Diagnostic Work-Up
A controversy regarding the work-up of the hemodynami-
cally normal patient with penetrating neck trauma has
existed in the literature for nearly three decades. Some
surgeons argue that signs and symptoms are a poor indi-
cator of the presence or absence of significant neck injuries
and point to the increased morbidity/mortality associated
with a delayed diagnosis as reason to justify mandatory
neck explorations of penetrating injuries which extend
deep to the platysma (13–20). However, this practice has
led to rates of negative exploration as high as 63% (19–22).

Most surgeons practice selective operative management
for stable patients with penetrating neck trauma. Exploration is
undertaken only in patients with demonstrated clinical signs of
injury. In those patients without hard clinical signs of injury,
visceral or vascular trauma is ruled out by liberal or routine
use of one or more of several diagnostic modalities (10,
11,21,23,24). These modalities include arteriography, com-
puted tomography (CT), duplex ultrasound, laryngoscopy,
bronchoscopy, esophagoscopy, and esophagography. This
approach is supported by a recent study by Sclafani (24)
where 9 of 46 asymptomatic patients had injuries seen angio-
graphically. Of the 22 injuries involving the carotid or vertebral
artery, 11 were asymptomatic (24).

A third argument exists carrying selective operation
one step further and supporting observation of asympto-
matic patients with penetrating neck trauma (9,25–27).
Several groups have demonstrated that angiography in
asymptomatic patients has a low yield and rarely changes
management (28,29). In a recent series reported by
Biffl et al. (30), only 0.5% of patients observed with asympto-
matic zone II or III penetrating neck injury required delayed
exploration for missed injury. Similarly, in a series of 335
patients reviewed by Demetriades (31), 269 were asympto-
matic and only two patients (0.7%) required delayed
exploration. A more recent study by Demetriades’ group
included patients with injuries in zones I, II, and III and eval-
uated the ability of physical exam to exclude esophageal as
well as vascular injuries. In this study, the absence of clinical
signs suggestive of vascular trauma reliably excluded

Table 3 Evaluation of Penetrating Neck Trauma

Level of assessment Focus of evaluation Operative plan/additional work-up

Primary survey Principles of ATLSw ABCDE

Secondary survey Hemodynamically unstable patients require

emergent intubation and neck exploration

Neck exploration (no time for studies)

Hemodynamically and neurologically normal

patients with hard signs of vascular or

aerodigestive injury require urgent exploration;

angiography is appropriate for zone I and zone

III injuries prior to exploration

Neck exploration; preop studies: HCTA or

angiogram for vascular injury; upper

endoscopy or esophogram for aerodigestive

injury

Hemodynamically and neurologically normal

patients without hard clinical signs of visceral

or vascular injuries

Studies only if operable injuries found, then

surgery

Recommended studies depend upon clinical

suspicion and include HCTA, endoscopy,

duplex ultrasound, or a period of observation

with meticulous serial examinations

Abbreviations: ABCDE, airway, breathing, circulation, disability, exposure; ATLSw, Advanced Trauma Life Supportw; HCTA, helical computed

tomographic angiography.

Table 4 Signs and Symptoms of Significant Injury After

Penetrating Neck Trauma

Active external bleeding Pneumomediastinum

Audible bruit Hemoptysis

Palpable thrill Hematemesis

Dysphagia/odynophagia Absent peripheral pulses

Dysphonia/hoarseness Hemo/pnuemothorax

Subcutaneous emphysema Widened mediastinum on CXR

Hematoma Retropharyngeal air on plain films

Large Hypotension

Expanding Neurologic deficit

Pulsatile Hemiplegia

Oropharyngeal bleeding Paraesthesias

Air bubbling through wound Cranial nerve defects

Difficulty breathing/stridor Horner’s syndrome

Abbreviation: CXR, chest X-ray.
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significant injuries requiring treatment and the absence of
signs suspicious of esophageal injury reliably excluded
esophageal trauma. None of 174 awake asymptomatic
patients with zone I–III penetrating injury to the neck had
esophageal injury (27).

In most circumstances, the management of the hemo-
dynamically stable patient with penetrating neck trauma
will depend upon the experience of the surgeon involved,
the hospital resources available, and the overall costs of
services.

Radiologic Evaluation
Plain Films
Anteroposterior and lateral cervical films should be obtained
for penetrating injury to the neck in any zone. These films
may reveal subcutaneous emphysema, airway compression,
tracheal deviation, cervical spine injury, increased thickness
of anterior paravertebral tissues, and possibly laryngeal inju-
ries. The position of foreign body or missile fragments can be
identified. Free air present in the neck on radiograph par-
ticularly in the deep perivisceral spaces usually indicates
an injury to the aerodigestive tract. Increased tissue thick-
ness of the perivertebral space can indicate bleeding from
an adjacent injury. Normally, the tissue thickness here is
4–5 mm in front of C-3 and C-4 and 5 to 10 mm in front of
C5–7.

Portable anteroposterior chest films are also indicated
for penetrating injury to the neck in any zone and may
reveal subcutaneous emphysema, pneumomediastinum, tra-
cheal deviation, pneumothorax, hemothorax, or widening of
the mediastinum. Radiographic examination of the chest is
especially important in zone I injuries, where the risk of
associated thoracic injury can be as high as 27% (32).

Arteriography
The general indications for angiography in patients with
penetrating neck trauma are: (i) proximity of injury to the
carotid artery, with or without hematoma; (ii) gunshot
wounds in which multiple arterial segments may be
injured in more than one zone; (iii) precise localization of
injury in patients with probable or possible proximal
common or high internal carotid injuries to allow planning
of appropriate incisions and exposure (33).

With suspicion of a vascular injury, arteriograms of
the ipsilateral carotid and vertebral vessels are obtained on

all hemodynamically stable patients with penetrating injury
in zones I and III. If an injury is identified, then the con-
tralateral vessels are studied to evaluate the collateral
blood supply at the circle of Willis. Angiography in these
patients allows for planning of operative technique and
optimal incisions for vascular exposure in zone I injuries as
well as allowing for possible embolization or stenting of
zone III injuries. With zone I injuries, the aortic arch and
proximal great vessels should be visualized as well. In
patients with injury to multiple zones or wounds that may
have traversed the midline, four-vessel studies, evaluating
both carotids and both vertebrals, are obtained. When vascu-
lar injury is obvious in zone II, angiogram is not necessary
prior to exploration (3).

Some surgeons have questioned whether angiography
is indicated in the asymptomatic patient with penetrating
neck trauma (9,26,27,31,34–36). Conversely, a large amount
of evidence exists demonstrating that physical examination
for evaluation of vascular injuries can be extremely unreli-
able (4,13,14). One study reported that 42% of 91 patients

clinically suspected of having vascular injuries had normal
arteriograms, whereas in asymptomatic patients 20% had
angiographic evidence of vessel injury (37). Additionally,
Sclafani described a series of 72 consecutive patients with
penetrating neck injury undergoing angiography with poor
correlation between clinical symptomatology and the pre-
sence of vascular injury. Ten of 26 patients with signs sugges-
tive of vascular injury had normal angiograms and 20% of
asymptomatic patients had an injury demonstrated on
angiogram (24).

Computed Tomography
CT scans are able to clearly demonstrate bone injuries and
define laryngeal injuries, as well as delineate tissue fascial
planes in great detail. In addition, the extent of soft tissue
injury and the presence of hematoma can be sharply
documented with the use of cervical CT scans.

With the advent of high-speed scanning technology
and advanced reformatting software, HCTA is becoming
more readily available to surgeons in the evaluation of
vascular injury in penetrating neck trauma (13). HCTA has
been demonstrated to be efficacious in detecting vascular
lesions in penetrating trauma with a sensitivity of 90% and
a specificity of 100% (13,38,39). Axial CT images may demon-
strate the trajectory of the penetrating injury providing
objective evidence of proximity and injury to neck vessels.

Evaluation of major vessels for vascular injury is cate-
gorized into direct and indirect findings. Direct findings
include irregular vessel margins, contrast extravasation,
lack of vascular enhancement, and vessel caliber changes.
Indirect findings of vascular injury on HCTA are bone
and/or missile fragments less than 5 mm from a major
vessel, path of injury through a vessel, and a hematoma in
the carotid sheath. HCTA is limited in low zone I and high
zone III injuries. In zone I, shoulder streak artifact obscures
visualization in portions of the great vessels when older
scanners are used. However, newer generation helical scan-
ners are rapidly increasing their resolution and ability to
omit artifacts. Subclavian artery evaluation is also limited
in zone I because at this level blood flow in the artery is
within the plane of the axial CT slices. HCTA can be used
successfully in the surgical decision-making process for
zone II penetrating neck injuries (40). In zone III, HCTA is
sometimes limited at the skull base due to the difficulty in
separating high-density bone from contrast-enhanced
vessels (39).

HCTA provides helpful information in the evaluation
of patients with penetrating neck trauma by delineating the
trajectory of injury and possibly identifying vascular injury,
and will likely replace angiography as the study of choice for
the initial evaluation of stable patients with penetrating
neck injuries. As compared with conventional angiography,
HCTA is less costly, faster, does not require assembly of an
angiographic team for performance of the study, and has
fewer potential complications (13).

Duplex Ultrasound
The use of color flow duplex scan for the evaluation of pene-
trating neck injuries in the stable patient has been evaluated
as a dependable alternative to angiography. Several groups
have reported promising results using this modality to
evaluate possible vascular injury. In Demetriades’ series of
82 patients with 11 vascular injuries identified by angiogram
after penetrating neck trauma, 10 injuries were found using
color flow duplex scanning and there were no false-positive
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duplex imaging results (41). Another series of 55 patients
with penetrating trauma to the neck demonstrated a
sensitivity of 100% and a specificity of 85% for color flow
duplex scanning versus angiography or surgical exploration
(42). One significant disadvantage to color flow duplex
scanning is its dependence on operator experience; even
though the exam is portable and noninvasive, a diagnostic
result may be difficult to obtain if qualified personnel are
not available to perform the study.

FluoroscopyçEsophagogram
During evaluation of penetrating neck trauma, a high index
of suspicion for esophageal injury must be maintained.
Esophageal injury can easily be missed when clinical, radi-
ologic, and endoscopic evaluations are used independently.
Furthermore, significant increases in morbidity and mortality
have been demonstrated with delay in diagnosis of esophageal
injury (43).

Extravasation of swallowed contrast material is
diagnostic of a pharyngeal or esophageal injury; however,
a negative contrast examination does not completely
exclude injury, particularly when meglumine diatrizoate
(Gastrografin) is used. Up to 50% of esophageal leaks can
be missed on Gastrografin swallows and nearly 25% of
barium studies can be false-negative as well (3). Some
surgeons support using Gastrografin for the initial fluoro-
scopic evaluation because if a leak were present, the extrava-
sated contrast material would less likely increase the
severity of the inflammatory response and risk of infection.
Most surgeons would recommend a barium study as
the initial study because once a leak is identified, adequate
drainage and clearance of the extravasated contrast material
will be obtained at operation. Additionally, barium causes
less pulmonary irritation and pneumonitis if aspirated
by an uncooperative patient. Weigelt et al. (20) described
a technique of barium contrast fluoroscopy utilizing
anterior–posterior and lateral views with cineradiography
that had a sensitivity of 89%, a specificity of 100%, and an
accuracy of 94%.

When contrast fluoroscopy is used in the evaluation of
penetrating neck trauma, a normal Gastrografin swallow
should be followed-up with a barium study or endoscopy.
If a contrast study was difficult to perform, the patient was
uncooperative, or for any reason the question of esophageal
injury remains (even though barium may have been used
as the contrast material), follow-up endoscopy should be
performed.

Endoscopic Evaluation
Laryngoscopy/Bronchoscopy
Endoscopy performed in the operating room under general
anesthesia is the most accurate method for evaluating the
airway after penetrating trauma to the neck. Laryngoscopy/
bronchoscopy should be performed as soon as possible in
order to discover possible injury to the larynx or trachea.
Indeed, laryngoscopy/bronchoscopy is 100% accurate for
detecting upper airway injuries when done together (44).

Pharyngoscopy/Esophagoscopy
Pharyngoesophageal injuries can occur in up to 7% of pene-
trating injuries to the neck (7). A high index of suspicion
must be maintained in order to keep the incidence of
missed pharyngeal and esophageal perforations to a
minimum. Direct pharyngoscopy and rigid esophagoscopy

are best performed under general anesthesia. Flexible
esophagoscopy can be performed under general anesthesia
or with conscious sedation. Flexible esophagoscopy is safer
and easier to perform than rigid esophagoscopy, but rigid
endoscopy is associated with a higher accuracy than flexible
endoscopy (45). Rigid esophagoscopy is also preferred over
flexible when a foreign body requiring extraction is
suspected.

Esophagoscopy usually follows a negative contrast
study in order to fully exclude injury to the upper digestive
tract after penetrating neck injury. Several studies have
demonstrated that the combination of contrast swallow
evaluation with follow-up endoscopy is superior to contrast
evaluation or endoscopy alone (20,45). However, a recent
study reported a sensitivity of flexible endoscopy of 100%,
a specificity of 96%, and an accuracy of 97% for the diagnosis
of esophageal injury after penetrating neck trauma (46).

Exploration: Indications for Surgery Are Controversial
Decision MakingçWhich Patients Require Neck Exploration?
Examination of mortality rates from the armed conflicts of
the nineteenth and early-twentieth centuries demonstrates
the progression of surgical therapy for penetrating neck
trauma from expectant management with delayed explora-
tion to immediate mandatory exploration (Table 5). Prior to
World War II, most injuries were managed expectantly
with observation and delayed exploration resulting in a mor-
tality of 11 to 18%. During World War II, the protocol shifted
toward earlier exploration to evaluate and manage possible
injuries. Accompanying this shift in management was a
decrease in the mortality rate. Further emphasizing the
benefits of early exploration, a classic study from Parkland
Memorial Hospital in Dallas described a series of 100
patients treated with immediate exploration after penetrat-
ing neck trauma and a mortality rate of 6% versus 35% for
patients treated with observation and delayed exploration
(6). Mandatory exploration then became the mainstay of
surgical management for penetrating neck injuries. Over
the next several decades, the operative mortality rate was
noted to decline. In conjunction with a decreasing mortality
rate, increasing rates of nontherapeutic neck explorations
were reported.

In 1969, Monson et al. from Cook County Hospital in
Chicago proposed dividing the neck into three zones to
further aid in the management of penetrating neck trauma.
They described a diagnostic algorithm for penetrating cervi-
cal trauma based on these zones. In zone I, initially defined
as below the clavicles, clinical evaluation, primarily physical
exam and possibly arteriogram, was the chief determinant of
the need for exploration. Wounds in the mid-cervical region,

Table 5 Mortality Rates of Penetrating Neck Trauma from

Armed Conflicts of the 19th and 20th Centuries

Armed

conflict

Number of

reported cases Mortality (%)

Civil War 4114 15

Spanish–American

War

188 18

World War I 594 11

World War II 851 7
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zone II, were managed with routine exploration. Lastly, for
wounds above the angle of the mandible, zone III, arterio-
grams were used to aid in the management (46). This
landmark article introduced the idea of selective manage-
ment for some injuries (zones I and III) but maintained the
recommendation for immediate mandatory exploration for
wounds in the mid-cervical region, zone II, which was the
most commonly injured area.

In 1979, Roon and Chistensen examined a series of 189
patients with penetrating neck injuries. They used the classi-
fication of neck injuries based on the zones defined by
Monson except they used the terminology high, middle,
and low to describe the anatomic regions of the neck.
Additionally, zone I, or the low region, was redefined as
below the level of the cricoid cartilage. These authors
recommended selective use of angiography for high and
low injuries and mandatory exploration of all injuries that
penetrated the platysma (47).

As the practice of mandatory neck exploration became
commonplace, the number of negative neck explorations
continued to climb (21). In an attempt to offset this increase
in negative neck exploration, some surgeons began to apply
the concept of selective management to asymptomatic
patients with zone II injuries (11,20,23,48–50). In the
absence of hard clinical signs of vascular or aerodigestive
tract injury, patients underwent evaluation with angiography,
esophagography, and endoscopy to rule out potential cervical
injury. Flax et al. (23) in a study from George Washington
University, described a series of 91 patients with penetrating
neck wounds in which 53 were initially managed by nono-
perative methods. They reported no deaths in this group
with only two patients requiring delayed operation.
A group from the University of California at Los Angeles
described a series of 100 patients with penetrating neck
trauma where 52 were treated nonoperatively. None required
delayed exploration for missed injury (48). Narrod and Moore
(49), from the University of Colorado Health Sciences Center,
described a series of 77 patients with 29 patients treated
nonoperatively. Only one patient underwent delayed
exploration after the delayed development of subcutaneous
emphysema. In an additional prospective randomized
study examining 160 patients with penetrating neck injuries,
Golueke et al. (11) reported no delayed operations for missed
injuries in the selective exploration group of patients. The
need for operation in these patients was based on evaluation
with angiography, endoscopy, and esophagography. This
study also demonstrated no clear difference between manda-
tory exploration and their aggressive selective approach to
penetrating neck wounds when morbidity, mortality, and
length of hospital stay were compared.

Throughout the decade of the 1980s, the debate
over immediate mandatory exploration after penetrating
neck trauma versus a selective operative approach with
aggressive diagnostic work-up continued in the literature.
Supporters of mandatory exploration felt that the risk of a
missed injury and the subsequent morbidity and mortality
was greater than that of a negative exploration. The suppor-
ters of selective operation felt that mandatory exploration
necessitated longer length of hospital stay and higher
health-care costs. In fact, perhaps the most important justifi-
cation offered for the selective approach was cost contain-
ment. Several studies focused on health-care costs did not
find the selective approach to be associated with significant
financial savings. In a 1987 study of the diagnosis and treat-
ment of penetrating esophageal injuries, Weigelt et al. (20)
reported the cost of selective management, including

angiography, esophagography, and a one-day hospital stay
was $2670. If endoscopy was added, the cost increased to
$3350. The cost of negative exploration was reported as
$2849. Thus, an aggressive selective approach was found
to be no less expensive than mandatory exploration. In the
series by Noyes et al. (45), a negative cervical exploration
was reported to cost $3185, whereas four-vessel arteriogra-
phy with panendoscopy reportedly cost $3492. Again no
significant financial savings were realized.

With the financial benefits of the selective operative
approach to penetrating neck trauma unproven, some
surgeons began practicing a policy of a less aggressive diag-
nostic work-up of their asymptomatic patients. Instead,
these surgeons advocate a period of observation for their
asymptomatic patients without hard clinical signs of pene-
trating neck injury. This school of thought was supported
by two independent studies examining the effects of arterio-
gram on altering clinical management of patients with pene-
trating neck trauma. Rivers (50) reported on a series of 65
patients and Byers (51) on a series of 44 patients that obtain-
ing an arteriogram after penetrating neck injury did not alter
the clinical management for any single patient. Further
support for this practice continues to accumulate. In a
recent study from the University of Florida Health Science
Center, a series of 145 patients with zone II penetrating inju-
ries were examined over an eight-year period. Ninety-one of
these patients had no hard clinical signs of vascular injury
and were observed for 23 hours without further imaging
or operation. None of these 91 patients were found to have
evidence of vascular injury during hospitalization or
during the initial two-week follow-up period (9). In 1996,
Sofianos et al. (52) described a prospective series of 75
patients with cervical gunshot wounds to zone II. Forty
patients were operated on immediately due to the presence
of hard clinical sings of injury. Thirty-five patients were
managed nonoperatively and 24 were observed without
further diagnostic work-up. Eleven patients received
further diagnostic studies (four arteriograms, three esopha-
goscopies, and four fluoroscopic studies). Of these 35
patients, two (6%) required delayed exploration. There was
no associated morbidity or mortality (52). In another
prospective series of 223 patients reported in 1997 by
Demetriades et al. from the University of Southern Califor-
nia, 160 patients had no clinical signs of vascular injury
and none of these patients required operation or any form
of treatment. One hundred and twenty-seven of these
patients had arteriography. Eleven vascular injuries were
identified, none of which required treatment. All patients
were also clinically assessed for aerodigestive tract injuries.
None of the 152 asymptomatic patients without hard clinical
signs of tracheal or esophageal injury were found to have
injury requiring surgical treatment. The authors concluded
that physical examination is reliable for identifying those
patients with penetrating injuries of the neck who require
vascular or esophageal diagnostic studies (27).

The summary data support formal neck explora-
tion for symptomatic patients with the understanding that
zone I and III injuries may benefit from a preoperative angio-

gram or HCTA if the patient’s hemodynamic status
permits. Asymptomatic patients require more complex
decision-making and may be safely managed by either
aggressive diagnostic work-up with arteriogram, fluoro-
scopy, and endoscopy in search of possible injury or by meti-
culous clinical evaluation followed by careful serial
examination/observation looking for evolving signs of
injury (Fig. 3). Selective management of these patients with
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aggressive diagnostic work-up or serial examination may
not be feasible at all centers. Aggressive work-up involves
a multidisciplinary approach, which may not be available
at all hours in some centers. Active serial observation/exam-
ination is very labor-intensive, demanding a large amount of
surgical personnel time which may not be available in non-
teaching centers without the added manpower of surgical
residents. Mandatory exploration may remain a viable
option under these circumstances, if transfer to a medical
center with all the necessary support facilities is not possible,
and when HCTA is not available.

Technical Considerations and Incision Planning
Zone II Injuries
In the operating room, the patient is placed supine in a slight
reverse Trendelenburg position with the neck extended and
a roll placed between the scapulae. In the absence of cervical
instability, the head is rotated away from the side of injury. If
cervical instability is suspected or bilateral injury is present,
then the neck is left in a neutral position. The face and ear
(with careful attention paid to protect the eye and tympanic
membrane from prep solutions), the entire anterior and
lateral neck and supraclavicular area, as well as the entire
chest and upper abdomen are included in the area prepared.
Prepping the contralateral groin or ankle for possible saphe-
nous vein harvest is advisable. Draping should include the
chin and midface as well as the entire chest to the umbilicus
in case an anterior thoracotomy/median sternotomy or man-
dibular manipulation is required for zone I or III injuries
(Table 6). Careful attention must be maintained during
skin preparation to avoid vigorous manipulation of the
soft tissues of the neck, which could result in the dislodge-
ment of a tamponading clot and lead to sudden severe
hemorrhage or embolism.

Unilateral exploration of zone II injuries is performed
through an incision along the anterior border of the
sternocleidomastoid muscle extending from the angle of
the mandible to the sternoclavicular junction (Fig. 4 and
Table 6). This incision can be readily extended toward the
mastoid process distally or incorporated into a supraclavicu-
lar incision proximally if wider exposure is required. This
incision provides ready access to the trachea, thyroid,
larynx, and the vasculature of zone II. Opening the carotid
sheath and ligating the crossing branches of the internal
jugular vein expose the common carotid artery and its bifur-
cation. The esophagus is exposed by posterolateral or antero-
medial retraction of the carotid sheath contents. Dividing the
anterior belly of the omohyoid muscle and the placement of
a naso/orogastric tube may also aid in the exposure of the
cervical esophagus. If a contralateral injury is suspected
intraoperatively during unilateral exploration, exposure of
the other side of the neck can be obtained by extending the
inferior portion of a standard neck incision transversely as
a collar incision (2 cm above the sternal notch), formed a
“hockey stick extension,” and raising a flap or a separate
oblique incision along the anterior border of the sternoclei-
domastoid muscle.

Bilateral exploration is carried out via a low-standard
collar incision placed 1 to 2 cm above the clavicular heads.
Extension superiorly along the anterior border of the sterno-
cleidomastoid muscle of one or both sides can be performed
allowing excellent exposure of the midline structures as well
as the zone II structures of both sides of the neck.

Zone I Injuries
Access to the vasculature of the lower neck (zone I) on
the right side, specifically the right subclavian artery,
innominate artery, proximal right common carotid artery,
or the proximal great veins, is achieved through a median

Figure 3 Management guidelines for penetrating neck injury. aClear indications for immediate neck explorations: 1) shock, 2) enlarging

hematoma, 3) active bleeding, 4) subcutaneous emphysema, 5) dysphagia, 6) hoarseness, 7) stridor, 8) obvious tracheal or esophageal

injuries. Source: From UCSD Trauma Algorithms, Raul Coimbra, MD–revised June 2, 2004.
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sternotomy (Table 6). Excellent proximal control of these
vessels can be obtained through this incision. If the more
distal right subclavian vessels are injured, the sternotomy
incision can be extended into the right supraclavicular
region with removal of the medial one-third of the clavicle
(Fig. 4). For wounds on the left side of the neck in zone I,
the proximal left carotid and proximal left subclavian can
be rapidly controlled via an anterior thoracotomy through
the second or third interspace. After proximal control is
obtained, a direct supraclavicular approach to the injured
vessel can be achieved via a supraclavicular incision with
division of the sternal and clavicular heads of the sternoclei-
domastoid muscle and a resection of the medial portion of
the clavicle.

Zone III Injuries
Access to the vasculature at the base of the skull in zone III
can be very challenging (Table 6). Exposure can be improved
by dividing the sternocleidomastoid muscle near its inser-
tion on the mastoid process and/or dislocating the temporo-
mandibular joint and retracting the mandible forward
(53,54). Additionally, division of the digastric, stylohyoid,
and stylopharyngeus muscles, and resection of the styloid
process improves the exposure of the vasculature at the
skull base. Care must be exercised to avoid injury to the hypo-
glossal nerve, which crosses the internal and external carotid
arteries 1.5 to 3.0 cm above the bifurcation. The spinal acces-
sory nerve is also vulnerable to injury as its fibers enter the
deep posterior portion of the sternocleidomastoid muscle
3 to 4 cm below the mastoid process.

Surgical management of vertebral artery injuries
remains a challenging task for the trauma surgeon. The ver-Figure 4 Common surgical incisions.

Table 6 Incision Planning

Category Recommendation

Surgical prep The face, ear, entire anterior and lateral neck, and supraclavicular

area, as well as the entire chest and upper abdomen should be

prepped; consider contralateral groin or ankle for saphenous

vein harvest

Gentle handling prior to vascular control Careful attention must be maintained during skin preparation to

avoid vigorous manipulation of the soft tissues of the neck,

which could result in the dislodgement of a tamponading clot

and lead to sudden severe hemorrhage or embolism

Zone I (right side) Median sternotomy access to right subclavian artery, innominate

artery, proximal right common carotid artery, or the proximal

great veins

Zone I (left side) Left anterior thoracotomy through the second or third interspace;

proximal left carotid and proximal left subclavian can be rapidly

obtained via this approach; after proximal control is obtained, a

direct supraclavicular approach to the injured vessel can be

performed via a supraclavicular incision with division of the

sternal and clavicular heads of the sternocleidomastoid muscle

and a resection of the medial portion of the clavicle

Zone II Unilateral exploration: incision along the anterior border of the

sternocleidomastoid muscle extending from the angle of the

mandible to the sternoclavicular junction

Bilateral exploration: low standard collar incision placed 1–2 cm

above the clavicular heads

Zone III Specific (complicated) maneuvers including: (i) disarticulation of

the temporomandibular joint; (ii) division of the strap muscles;

and (iii) excision of the styloid process
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tebral artery has four parts. The first part begins at the origin
of the vertebral artery from the subclavian and extends to the
level of the sixth cervical vertebra where the artery enters its
bony canal, the foramen transversarium. The second portion
of the vertebral artery consists of its length within its bony
canal. Exposure of the first and second portions is obtained
via an oblique incision along the anterior border of the ster-
nocleidomastoid muscle. The fascia over the sternocleido-
mastoid is incised and the muscle is retracted laterally. The
omohyoid muscle is divided and the carotid sheath is
exposed and retracted medially or laterally. The midline
structures of the neck are then retracted medially exposing
the longus cervicis colli muscle, which covers the transverse
processes of the vertebral bodies. The first portion is seen as
it originates from the subclavian artery prior to entry into the
bony canal. Alternatively, the first portion can be exposed
via a transverse supraclavicular incision on either side of
the neck. In order to expose the second portion of the
vessel, the longus cervicis colli muscle must be swept off
the bone with a periosteal elevator. The rim of the vertebral
foramen (the costovertebral bar) is then removed with bone
rongeurs and the vertebral artery is exposed. The third
portion of the vertebral artery exits the bony canal at the
second cervical vertebra and travels superiorly toward the
skull base and the foramen magnum. This portion is
exposed by a posterior auricular approach and suboccipital
craniectomy. The fourth portion of the artery extends from
the foramen magnum to the confluence of the right and left
vertebral arteries forming the basilar artery. Surgical exposure
of the fourth portion requires a craniotomy (8,55,56).

MANAGEMENTOF SPECIFIC INJURIES
Vascular
Vascular structures are present in each anatomic zone of the
neck and are most vulnerable in zone II. This may explain
why they are among the most commonly injured tissues
after penetrating neck trauma. With very few exceptions,
evidence of significant vascular trauma dictates operative
intervention.

Carotid Injury
The carotid artery is the most commonly injured artery after
penetrating neck trauma. The associated in-hospital mor-
tality is 10 to 20%. However, many patients with carotid
artery injury never reach the emergency room and the
overall mortality has been reported to be as high as 66%.
Clinical presentation of patients with carotid artery injury
may vary greatly. One study of 54 patients reaching the
trauma center alive found shock to be the most common
presentation (81%), followed by active bleeding (60%),
hematoma (33%), neurologic defects (20%), and bruit (5%)
(57). Neurologic deficit, coma, and shock are poor prognostic
signs but are not absolute contraindications to vascular
repair.

Carotid Artery Injury Without Neurologic Deficits
In the absence of neurologic deficit, carotid artery repair

should be performed when possible. Ligation of the
carotid artery in the patient without neurologic deficit
should never be performed unless life-threatening hemor-
rhage persists after attempts at vascular control (Table 7).
Acute asymptomatic occlusion of the carotid artery from
injury may result in late neurologic complications or pseudo-
aneurysm formation and should be repaired. Subadventitial

hematomas require further exploration via an arteriotomy,
with inspection of the inside of the vessel for injury. Small
arterial defects can be closed primarily after debridement,
as would an arteriotomy. Larger defects, or those involving
both the anterior and posterior walls, may require an inter-
position graft. When an interposition graft is required, the
saphenous vein is the preferred choice; however, prosthetic
grafts have also been successful. When extensive injury
has occurred to the internal carotid artery, it may be possible
to transpose the undamaged external carotid artery into pos-
ition to restore flow. This procedure, the external carotid to
internal carotid (EC-IC) artery bypass, involves ligation of
the distal external carotid artery, anastomosis of the proxi-
mal external carotid to the distal uninjured internal carotid
artery, and oversewing of the proximal internal carotid at
the bifurcation.

Bleeding must be controlled in order to allow ade-
quate assessment and repair of the injury. This control is
obtained by direct visualization and clamping of the artery
with noncrushing vascular clamps both proximal and
distal to the injured site. If the injury is high on the internal
carotid artery, distal control can be difficult. Inserting a
Fogarty balloon-tipped catheter into the distal segment of
the artery and inflating the balloon may control bleeding
from the internal carotid artery immediately adjacent to
the skull base.

Once bleeding is adequately controlled, systemic
heparinization is recommended for repairs that require
arterial clamping for more than 10 to 15 min, unless associ-
ated injuries prohibit anticoagulation. Anticoagulation is
rarely indicated for patients requiring a simple rapid
repair of the internal or common carotid artery. Temporary
intravascular shunts are recommended when (i) back bleed-
ing from the distal internal carotid artery is minimal, (ii)
stump pressure measurements are low (,40–50 mmHg),
or (iii) the injury is complex and will require a prolonged
repair (1). Although the data in support of intravascular
shunting remains controversial, based on the safety and
availability of modern shunts, it is reasonable to employ
shunting for complex injuries requiring graft reconstruction,
especially in the presence of neurologic deficits or severe
hypotension.

Carotid Artery Injury with Neurologic Deficits
The role of carotid artery repair in the presence of

neurologic deficit remains controversial. Earlier reports,
based on anecdotal experience with chronic carotid occlusive
disease, warned against routine restoration of blood flow
in the presence of neurologic deficits for fear of converting
an ischemic infarction to a hemorrhagic infarction (14,58,59).
The concept of acute hemorrhagic stroke with immediate
revascularization has been subsequently challenged. Two
studies in the early 1980s demonstrated the safety of
immediate revascularization in patients presenting in coma
or with acute stroke. In the first study, all patients underwent
direct repair of the injured vessel and postmortem examin-
ation of those who died showed that death was secondary
to diffuse cerebral edema and not due to hemorrhagic infarc-
tion (60). The second study included 127 patients with pene-
trating carotid injuries. Sixteen of these patients presented
with coma. Nine patients underwent repair and seven had
ligation. In the revascularization group, six of nine patients
were discharged without deficit or had neurologic improve-
ment and three patients died. In the ligation group, five
patients died (61). An additional study, which reviewed
233 cases with carotid artery injury, concluded that less
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morbidity and mortality were associated with arterial repair
compared to ligation for patients with any neurologic deficit
short of coma (13). A further literature review by Unger et
al. (62) examined 722 patients with carotid artery trauma
and found that if a severe neurologic deficit was present pre-
operatively, 34% had an improvement in neurologic function
if repair was performed but only 14% had improvement if lig-
ation was done.

In summary, patients that present with severe neuro-
logic deficits or coma after penetrating injury to the neck
tend to do poorly regardless of the therapeutic measures
taken. Recent reports support arterial repair because
additional risk appears to be minimal and the potential for
neurologic improvement exists, especially in those patients
with short ischemic times (Table 7). Some authors suggest
that a portion of these patients in coma may be under the influ-
ence of alcohol or other toxins or may have depressed mental
status due to hemorrhagic shock; therefore, an attempt at arter-
ial repair is warranted (33). Consequently, one should consider
ligation of an injured carotid artery only when prograde
flow is no longer present and an attempt at repair should be
made in all patients with prograde flow even in the presence
of severe neurologic deficit and coma.

Vertebral Artery
Historically, the incidence of vertebral artery injury with
penetrating neck trauma has been relatively low at 1 to
2%. However, with the increasing use of four-vessel angio-
graphy to evaluate cerebral circulation after neck trauma,
the reported incidence has been steadily increasing with
some reports as high as 5.3% with stab wounds and 8.8%
with gunshot wounds (63).

Most patients with injury to the vertebral artery
secondary to penetrating neck trauma have significant
associated injuries and the clinical picture will be dependent

upon the magnitude of these associated injuries. Addition-
ally, one-third of patients with isolated vertebral artery
injury are asymptomatic and only rarely does occlusion of
the vertebral artery result in neurologic sequelae (64).

Nonoperative Management of Vertebral Artery Injury
A definite role for nonoperative management has emerged
for the treatment of occlusive or minimal vertebral artery
injuries. Short-term anticoagulation with angiographic
follow-up is acceptable. Any long-term complication that
may develop (pseudoaneurysm or arteriovenous fistula)
can be managed by interventional angiography (11,63,65).

More advanced injuries may be treated with angio-
graphic embolization as well. Attempts at proximal
and distal embolization should be made to control active
bleeding and prevent pseudoaneurysm or arteriovenous
fistula. If antegrade embolization is not possible, a retro-
grade approach through the opposite vertebral artery may
be feasible (57).

Operative Management of Vertebral Artery Injury
Operative vertebral artery ligation is usually well tolerated if
angiography demonstrates a patent contralateral artery
without atrophy. The first portion of the vertebral artery is
exposed via a supraclavicular incision on either side of the
neck. Control of the first portion of the artery is obtained
at it takes off from the subclavian vessel. If there is concern
for cerebral perfusion with ligation of the vertebral artery
at this level, due to absence or atrophy of the contralateral
artery, an end-to-side anastomosis of the vertebral artery
and common carotid artery can be performed (3). Access
to the second portion of the vertebral artery in the bony
canal can be obtained through a standard neck incision
with exposure of the longus coli muscle. This muscle is
then elevated from the transverse processes of the cervical

Table 7 Pearls of Surgical Management for Specific Structural Injuries in the Neck

Vessel Clinical pearls

Carotid artery In the absence of a neurologic deficit, carotid artery repair should be performed when possible; the

role of carotid artery repair in the presence of neurologic deficit remains controversial but

recommended (especially if decreased MS likely due to drug intoxication) (see text)

Vertebral artery Nonoperative management of occlusive or minimal vertebral artery injuries has emerged; short-term

anticoagulation with angiographic follow-up is acceptable; advanced injuries are treated with

angiographic embolization, and less commonly operative vertebral artery ligation (if angiography

demonstrates a patent contralateral artery without atrophy)

Internal jugular veins Injury to the IJ veins should be repaired in all hemodynamically normal patients; in

hemodynamically normal patients, unilateral ligation is well tolerated in the presence of a normal

contralateral jugular system

Laryngotracheal injury Penetrating laryngotracheal trauma is strongly associated with injury to adjacent structures and a full

operative exploration is required to ensure an associated injury does not exist; tracheostomy

should be 1 to 2 rings away from repair

Pharyngoesophageal injury Early diagnosis and treatment of these injuries is paramount because mortality increases significantly

when the diagnosis is delayed; esophageal injury is repaired with a two-layer closure and adequate

closed suction drainage oriented near (not directly against) the repair performed

Gland injuries Submandibular glands may be excised; parotid injuries should be drained; assistance from ENT

should be sought in parotid injuries or concern for the facial nerve

Thoracic duct Injury of the thoracic duct is often associated with subclavian vascular injuries; the treatment of

traumatic injury to the thoracic duct is ligation if identified during the initial procedure;

conservative treatment for 2–4 wk of total parenteral nutrition or low-fat diet recommended if the

injury was missed at initial exploration

Abbreviations: ENT, ears, nose, and throat; IJ, internal jugular; MS, mental status.
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vertebrae and the costotransverse bar is removed with bone
rongeurs. Ligation of the artery above and below the injury
can then be performed. Packing with hemostatic agents con-
trols venous bleeding. Very high vertebral artery injuries
may require suboccipital craniectomy after proximal angio-
graphic embolization.

Venous Injuries
The jugular veins are the most frequently injured vessel in
the neck (Table 2). Oftentimes these injuries are not detected
preoperatively due to a decreased association of venous inju-
ries with significant clinical manifestations. However,
a significant hematoma may develop after penetrating
venous injury, resulting in airway compression and with
a large laceration involving skin and subcutaneous tissues,
significant external hemorrhage may occur.

Injury to the internal jugular veins should be repaired
in all hemodynamically normal patients (Table 7). Simple
lacerations are repaired with lateral venorrhaphy, more
complex lacerations may require patch venoplasty or seg-
mental resection with interposition graft. In hemodynami-
cally unstable patients, unilateral ligation is well tolerated
in the presence of a normal contralateral jugular system.
Other named veins can be ligated without concern for
significant complication.

Concern for postoperative thrombosis and subsequent
pulmonary embolism has proven to be without merit. A 1991
review of the literature by Asensio et al. (7) demonstrated no
reported cases of thrombosis and pulmonary embolism after
primary repair of the internal jugular vein. Air embolism,
however, remains a significant concern especially during
exposure and manipulation of the vein in preparation for
definitive repair, and care should be taken to prevent this
potentially life-threatening complication.

Laryngotracheal
Due to the exposed anterior position of the larynx and
trachea, they are injured in up to 10% of penetrating neck
injury cases. A 1992 study of penetrating neck injury found
that tenderness and a penetrating wound near the airway
were present in all patients confirmed to have laryngo-
tracheal injury. Other common physical findings included
stridor or acute respiratory distress, subcutaneous air,
hemoptysis, dysphonia, and an obvious open wound into
the trachea (66). Radiographs of the neck usually reveal
prevertebral or deep cervical air.

Penetrating laryngotracheal trauma is strongly
associated with injury to adjacent structures and a full oper-
ative exploration is required to ensure an associated injury
does not exist. Because the esophagus can be extremely
mobile within the neck, the dissection should be carried
out 3 to 4 cm from the tracheal injury to rule out associated
esophageal injury. Preoperative or intraoperative laryngo-
scopy, bronchoscopy, and esophagoscopy are helpful in the
complete evaluation of these patients. At surgery, the
injury tract must be followed through its full extent. Care
must be exercised to prevent injury to the recurrent laryn-
geal nerves. The nasogastric tube can be used to evaluate
for esophageal injury by instilling air or methylene blue
dye into the area of concern after the esophagus is fully
mobilized. The tracheal injury is repaired in one layer with
interrupted 3-0 or 4-0 monofilament absorbable sutures.
Any associated injury should prompt coverage of the
tracheal repair with muscular flaps to prevent fistula
formation. Sternocleidomastoid, omohyoid, sternohyoid,

pleura, pericardium, and intercostals muscle flaps have all
been used to protect the tracheal anastomosis. Tracheostomy
should be performed when there is severe laryngeal injury
or an anticipated need for prolonged mechanical ventilation.

The general principles of operative therapy for laryn-
gotracheal injury include proper acute airway management,
thorough evaluation of associated injuries, separation of
tracheal and esophageal or vascular suture lines, conserva-
tion of viable trachea, reduction and stabilization of
fractures, mucosa to mucosa air tight closure of any respirat-
ory tract defects, and use of a soft intralaryngeal stent for
four to six weeks if there is extensive disruption of the carti-
laginous support. A stent requires complementary tracheost-
omy. Tracheostomy is accomplished one to two cartilaginous
rings above or below the primary tracheal repair. Avoid
tracheostomy through the repair; however, this may be
necessary for very low injuries (8).

Adequate postoperative drainage must be
obtained in all complex combined injuries of the trachea
and esophagus. Drains can be brought out though the
contralateral or ipsilateral side of the neck. Drainage
should, however, be carried out anteriorly so that drains
do not cross the carotid artery. If the cervical instability is
not a concern, postoperative flexion should be maintained
to decrease tension on the tracheal suture line.

Pharyngoesophageal
Injury to the pharynx or esophagus occurs in approximately
10 to 11% of patients with penetrating neck injury. Early
diagnosis and treatment of these injuries is paramount
because mortality increases significantly when the diagnosis
is delayed. Unfortunately, the presentation of esophageal
injury is usually occult, making clinical diagnosis difficult.
The preoperative identification of esophageal injury includes
esophagoscopy as well as esophagography. Intraoperatively,
careful examination of the esophagus is required to rule out
perforation. If needed, the nasogastric tube can be used to
aid in finding a possible site of perforation. The nasogastric
tube can be withdrawn to the area of concern and air or
methylene blue dye can be instilled as the area of concern
is inspected for any leaks.

When the esophageal injury is identified early, a two-
layer closure (inner mucosa to mucosa/outer muscular
sutures) after wound irrigation and debridement works
well. Adequate closed suction drainage oriented near (not
directly against) the repair is essential. Whenever possible,
a flap of local muscle (omohyoid, sternohyoid) can be used
to reinforce the outer suture line. When the diagnosis
is made late and tissue loss or local inflammation prevent
primary closure or if there is extensive esophageal injury,
then cervical esophagostomy (and gastrostomy) are per-
formed with resection of the necrotic/inflamed/destroyed
tissues. Definitive repair with colon interposition or gastroe-
sophagostomy is planned several weeks to months later.

Adjuncts to care include antibiotics and effective nutri-
tional support. All patients must be carefully observed for
signs of undrained infection within the fascial plans of the
neck. Oral feeding is initiated only after a contrast
study demonstrates the absence of esophageal leak,

usually evaluated five to seven days following esophageal
repair. Unexplained pain, fever, or leukocytosis with or
without associated erythema or neck drainage should alert
the physician to the possibility of a missed injury. CT scans
of the neck may be helpful in characterizing fluid collections
in the neck after esophageal repair. If a postoperative fistula
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develops, most patients will recover completely with wide
operative drainage and intravenous hyperalimentation (7).

Gland Injuries
Although the thyroid is one of the largest structures in the
neck, severe injury to this gland is infrequent. Bleeding
that does occur can be managed by direct pressure or
suture ligature. Extensive injury may require ipsilateral
thyroid lobectomy.

Injury to the salivary glands is uncommon; the most fre-
quent cause of injury remains penetrating trauma to the neck
and face. Optimal outcome requires early recognition,
adequate evaluation, and proper management. Improper
management of salivary gland injury may lead to sialadenitis,
salivary fistula, and chronic infection (67).

Penetrating injury to the parotid gland can involve the
parenchyma of the gland, the duct (Stensen’s duct), and
the facial nerve. Lacerations posterior to the anterior
border of the masseter muscle can involve the parotid.
These lacerations should be inspected manually for evidence
of ductal injury. Duct injury can be identified by direct visu-
alization, sialogram, or duct cannulation via the opening in
the buccal mucosa. If duct injury is not present, then tissue
debridement, wound irrigation, and a multiple layer
closure are warranted. In the event that a ductal injury is
identified, reanastomosis should be performed over a silastic
stent inserted through the buccal opening. If reanastomosis
is not possible, then oral reimplantation may be performed
anywhere posterior to the normal duct opening. Extensive
proximal damage of the duct is treated with duct ligation
leading to atrophy of the gland.

A thorough facial nerve evaluation should be under-
taken in any patient with a parotid injury. Electrical testing
can be particularly useful in uncooperative or comatose
patients. Facial nerve repair can be postponed for as long
as three weeks with acceptable results. Timing of nerve
repair should be dictated by the patient’s condition. Nerve
repair is performed epineurally or perineurally with 8-0 or
9-0 interrupted nylon suture. A nerve graft is needed if a
greater than 1 cm defect exits. Suitable grafts are the
greater auricular nerve and sural nerve (67).

Even less commonly one sees injury to the submandib-
ular gland due to the protection supplied by the mandible.
Although the principles of parotid gland repair can be
applied to submandibular gland injury, the submandibular
gland lends itself more favorably to resection. Thus, with
submandibular gland injury one should consider gland
removal early in its management.

Thoracic Duct
Thoracic duct injuries with penetrating cervical trauma are
rare. In one study of 1088 patients with penetrating cervical
injury, only 15 thoracic duct injuries were found (68). Injury
of the thoracic duct is often associated with subclavian vas-
cular injuries and is usually located in zone I where the duct
enters the venous system. Injury can also occur in zone II
where the duct rises as high as 4 cm above the clavicle
before it turns back toward zone I and the junction of the
jugular and subclavian veins. These injuries are often
initially missed and present as a leak of milky fluid
through a transcutaneous fistula or through a cervical
drain or occasionally through a chest tube if the pleural
cavity has been violated. Although these injuries rarely
produce large amounts of lymph at the initial surgery, they
eventually may produce as much as 1000 to 1500 mL of

drainage per day. Fluid analysis will support the diagnosis
of chylous leak from a thoracic duct injury. A total protein
level of greater than 3 g/dL, a total fat content between 0.4
and 4.0 g/dL, a triglyceride level more than 200 mg/dL,
and a marked lymphocytic predominance confirm the
diagnosis (69).

The treatment of traumatic injury to the thoracic duct
is ligation if identified during the initial procedure. If the
injury goes untreated and chylous drainage develops, con-
servative treatment of up to two to four weeks of total par-
enteral nutrition or a low-fat diet usually heals the fistula
(69). It is rare that surgical intervention is needed. If drainage
persists beyond two to four weeks, then surgical options
include open or thoracoscopic duct ligation, sealing with
fibrin glue, pleurodesis, or pleuroperitoneal shunting (57).

ANESTHETIC MANAGEMENT
Preoperative Considerations
Although many patients with penetrating neck trauma will
not require surgical exploration, they may require rigid
bronchoscopy and/or esophagoscopy which will require
an anesthetic. Their preoperative evaluation is similar to
that of any other traumatized patient, with some extremely
important exceptions. Of course, these exceptions involve
the close anatomical proximity of airway, vascular, neuro-
logic, and digestive structures in a small space. Injury to
any one of these vital structures can significantly affect
patient outcome. Multiple injuries are not uncommon and
only increase the potential for difficulty in perioperative
management, especially airway management.

Although some penetrating neck injuries may be
impressive, the provider should not be distracted from the
basics of airway evaluation. If a cervical collar is present,
the anterior plate should be carefully removed to allow for
examination of the neck. Signs and symptoms of injury
should be evaluated (Table 2). Be aware of changes in the
voice. The patient may have hoarseness or airway obstruc-
tion from recurrent laryngeal nerve injury. This injury
usually adducts the vocal cords to a paramedian position.
Injury to the vagus nerves can cause vocal cord paralysis
and injury to the right vagus nerve can result in a prolonged
Q-T interval which can progress to “torsades de pointes”
(67). In addition to the cardiac and pulmonary exam, auscul-
tation of the neck may detect a bruit, thrill, or subtle stridor
not clearly audible. Elevation of the hyoid bone will detect
laryngotracheal separation. Absence of radial and ulnar
pulses in one arm may indicate a significant arterial injury.
Chest X-rays should be examined for hemopneumothorax,
tracheal deviation, pneumomediastinum, and enlarged
cardiac silhouette. An elevated hemidiaphragm on chest
X-ray will indicate a phrenic nerve injury. Cervical X-rays
should focus on tracheal deviation, the presence of hema-
toma, free air, and hyoid elevation, as well as cervical
spine injury. The lateral cervical view should also be exam-
ined for the presence of a retropharyngeal hematoma or
edema, which could compromise the airway as well as
make tracheal intubation difficult to impossible. For most
patients, there will be ample time to obtain an adequate
history and physical. However, airway compromise, hemo-
dynamic instability, or an evolving stroke may preclude a
thorough evaluation. In either event, a primary and
backup plan should be quickly formulated with the input
and the teamwork of the surgical team. Prior to attempts at
intubation, surgeons skilled at tracheotomy and sternotomy,
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and anesthesiologists experienced with emergency airway
equipment, should be at the bedside.

Airway Management
General Considerations
The following suggestions for the airway management of
penetrating neck patients are based on the limited studies
and case reports contained in the literature and the
author’s 15 years of experience managing these airways at
Parkland Memorial Hospital, a level I trauma center which
admits over 5000 trauma patients a year. Furthermore, as
the Anesthesiology Department’s quality management
director, the author has had the task of reviewing the
quality indicators from over 200,000 anesthesias during the
past 12 years, which include many penetrating neck injuries.

The airway can be significantly distorted by a pene-
trating neck injury. ATLS (1) and the American Society of
Anesthesiology Guidelines for Airway Management (70)
do not fully address airway management considerations
for penetrating neck trauma. The literature contains only a
few limited studies or recommendations from which any
solid airway management conclusions can be made
(71–78). Therefore, until large prospective airway manage-
ment studies are completed, the best technique for intuba-
tion is approached on an individual basis, but certain
general rules apply (Table 8).

Numerous techniques are described for intubating the
trachea of patients with penetrating neck injury (72–74).

In general, an awake and spontaneously breathing
patient provides a significant margin of safety during

airway management for penetrating neck trauma. The
awake patient can usually protect the airway from aspiration
and maintain a patent airway. Spontaneous ventilation avoids
the potential complications of positive pressure ventilation,
such as barotrauma or the disruption of an injured trachea.

Intubation Techniques
Fiberoptic Bronchoscopy

Intubation over a fiberoptic bronchoscope (FOB) has the
advantages of both an awake, spontaneously breathing

patient and the ability to examine the airway distal to the
glottis. The FOB should be connected to a video cassette
recorder (VCR) and television monitor to allow for the
optimal viewing of the airway by both the intubator and
the surgical team. In the absence of significant bleeding, a
tracheal wound can be identified and the endotracheal
tube (ETT) cuff placed distal to the injury. If the wound is
sufficiently large or is at the level of the cricoid ring, then
the intubation can be aborted and a tracheostomy with
local anesthesia performed. However, some patients may
be uncooperative, are at risk for immediate loss of their
airway, have significant airway hemorrhage, or have hemo-
dynamic instability requiring emergent intubation. Further-
more, when time is of the essence, only the most skillful
and proficient anesthesiologists are capable of quickly and
safely performing an awake FOB intubation under emer-
gency conditions. For these and other considerations,
alternative methods of securing an airway may be necessary.

Just as there are many indications for awake intuba-
tion using an FOB, there are numerous techniques for
anesthetizing the airway (Volume 1, Chapter 9). A few tips
garnered from years of experience are offered by the author.

When an awake FOB technique is attempted, the
airway must be anesthetized completely and carefully in
order to avoid complications caused by coughing, gagging,

or vomiting. Although transtracheal injection of local anes-
thetic is an acceptable technique in certain settings, it is
probably best avoided with penetrating neck injuries as
this technique tends to cause significant coughing. The
author finds that administering a mixture of 4% lidocaine
2 cm3 with sterile water 2 cm3 through a nebulizer appears
to decrease the incidence of coughing and gagging during
subsequent topicalization of the airway and provides ade-
quate tolerance of the ETT in the trachea. Others have
reported that gargling with viscous lidocaine followed by
spraying 4% lidocaine 2 cm3 in a 10-cm3 syringe through
the suction port of an advancing FOB is effective and effi-
cient (72). However, we refrain from the gargling of
viscous lidocaine in this setting for fear of dislodging tampo-
naded hemorrhage. As many trauma patients tend to have
full stomachs, the potential for aspiration of gastric contents
through an insensate airway is a concern. However, this
complication is probably more theoretical and rarely seen
in practice. Indeed, Ovassapian et al. (79) performed 108
consecutive awake FOB intubations on patients with
full stomachs; only one had slight emesis, none had aspira-
tion. Whatever technique of topicalization is utilized, it is
important that the airway is adequately anesthetized.
Topicalization of the airway can take from 5 to 20 minutes,
which may be too long for some patients; also, topicalization
will be less effective when there is significant bleeding or
secretions in the airway.

Blind Intubation
Blind endotracheal intubation techniques (including

blind nasal and retrograde) are relatively contraindicated

Table 8 Key Points of Emergency Airway Management

for Penetrating Neck Trauma

Have a “plan B” prepared, and get plenty of trained help

Maintain spontaneous ventilation when possible

Use direct visualization techniques when possible

An awake fiber-optic bronchoscopic intubation is generally the

best choice for patients that are cooperative and stable

Have the most experienced and skilled laryngoscopist perform the

intubation, when difficult (these are not teaching patients)

Have surgeons experienced and trained in tracheostomy and

sternotomy at bedside during intubation attempts

Perform all intubation attempts in the operating room when

possible

Ensure that the ETT cuff is below the site of injury before positive

pressure ventilation is carefully initiated

Avoid cricoesophageal compression when the injury is in

proximity to the cricoid ring

Awake tracheostomy with local anesthesia is well tolerated by

cooperative, stable patients

Perform a tracheostomy at least one tracheal ring below the level of

injury; although intubation through a communicating tracheal

injury was performed on President Kennedy at Parkland

Hospital, this technique should be reserved for temporary

emergency access

Do not place a nasal or orogastric tube until the patient is under

general anesthesia

If intubation is expected to be difficult, and the patient is

uncooperative or unstable, a surgical airway may be

the best first choice (Table 9)

Abbreviation: ETT, endotracheal tube.
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in penetrating neck trauma. In our series of 107 intuba-
tions of penetrating neck patients, the author reported two
deaths (71). One of these deaths was due to an expanding
hematoma that resulted from an awake blind nasal attempt
at intubation. There are two factors related to blind awake
techniques that can cause complications. The first factor is
that blind intubation attempts may worsen existing injury,
leading to airway obstruction or advancement of an ETT
into a false passage. The second factor is that an awake
patient may cough, buck, or vomit during the attempt,
causing a loss of the airway. Furthermore, the sympathetic
response to such attempts in an awake patient may increase
heart rate and blood pressure sufficiently to overcome exist-
ing hemostasis and quickly cause an expanding hematoma
sufficient to distort the airway.

Direct Laryngoscopy
Direct laryngoscopy after rapid sequence induction (RSI) has
been reported to have had a 98% success rate when performed
by anesthesiology residents on 85 penetrating neck patients
(71). Another smaller study of the airway management of
these patients in the emergency department reported a 100%
success rate in 39 patients with direct laryngoscopy after RSI
(73). This same report also described three patients that were
rescued by RSI and direct laryngoscopy after unsuccessful
FOB intubation by otolaryngology clinicians. One of these
patients was rescued after the FOB was passed through their
tracheal wound (73) (Fig. 5). However, direct laryngoscopy is
a blind procedure after the ETT passes the glottic opening.
As there is a small potential for blindly placing the ETT
through a tracheal wound, initial breaths should be softly
and carefully administered until the ETT is confirmed to be
in the trachea by continuously expired end-tidal CO2. If
the patient has no expired end-tidal CO2 after intubation,
consider the placement of the ETT through a false

passage as well as an esophageal intubation.

Fiber-Optic Assisted Direct Laryngoscopy
Although direct laryngoscopy has a high success rate, the
author suggests combining FOB or the Shikani Seeing Stylet
with direct laryngoscopy. This decreases the possibility of
blindly placing the ETT through a tracheal wound. This
technique involves induction with cricoid pressure, with
placement of the FOB (preloaded with an ETT) through the
vocal cords using rigid direct laryngoscopy. The FOB
should be connected to a VCR and television for visualization
of the airway by the entire trauma care team. The addition of
the FOB will allow for intubation and inspection of the
trachea and help ensure that the ETT cuff is distal to a
tracheal injury. The FOB may also help stent the airway
during passage of an ETT, thereby avoiding additional
trauma to the trachea. The Shikani Seeing Stylet is also ideal
for visualizing the airway during intubation, and like the
FOB, it should also be connected to a television. Oxygen can
be insufflated through the suction port of an FOB or
through the side port on the Shikani Seeing Stylet to
provide oxygenation as well as help clear secretions or blood.

Although the author recommends direct laryngoscopy,
especially when combined with fiber-optics, two (2%) of 89
patients required an emergency surgical airway after failed
direct laryngoscopy (71). Both these patients had significant
tracheal deviation. The problem is to identify and predict
those patients who will be impossible to intubate and will
require a surgical airway as the primary choice. Therefore,
each patient is injuries must be evaluated and managed on
an individual basis.

Retrograde Intubation
Retrograde intubation is relatively contraindicated in

penetrating neck trauma. Most would recommend a sur-
gical airway, if the above awake fiber-optic techniques are
not successful. Although, retrograde intubation has been
reported in patients with severe maxillofacial injuries (78),
much of this procedure is blind, and may dislodge a pre-
viously tamponaded hematoma following penetrating neck
trauma, causing massive bleeding. Furthermore, excessive
upper airway tissue destruction and edema may prevent
successful passage of the ETT into the trachea. The author
has experienced two retrograde intubation failures when
the trachea was deviated more than two tracheal widths.
In each case, the retrograde threaded wire was easily
passed; however, the ETT could not negotiate the glottic
opening and enter the trachea. It is possible that had an
FOB or ETT exchanger been threaded over the retrograde
wire and advanced into the bronchus, then intubation may
have been successful. However, the important tenet of avoid-
ing any blind manipulations with penetrating neck trauma
recommends against retrograde intubation.

Surgical Airway
Inability to intubate the trachea is the most basic indication
for a surgical airway (Table 9). In the patient with penetrat-
ing neck trauma, the choices for surgical approach remain
the same as those fully described in Volume 1, Chapter 9.
Initially, the trachea might need to be directly cannulated
through the wound, by placing an endotracheal tube into
the severed trachea under direct vision. Then under more
controlled conditions, a formal tracheostomy will be con-
structed, taking care to stay one to two tracheal rings away
from the penetrating wound. In patients who are not
ventilating spontaneously, and in whom ventilation and
intubation is impossible, an emergency cricothyroidotomy
is recommended [either using transtracheal jet ventilationFigure 5 Fiberoptic bronchoscope exiting tracheal wound.
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(TTJV), or open surgical technique]. Although TTJV is
quicker, it is contraindicated if there is a known or likely
airway disruption (from either blunt or penetrating trauma).

AIRWAYMANAGEMENTCONSIDERATIONS FOR
SPECIFIC INJURIES
AirwayTrauma
Airway trauma, either penetrating or blunt, is extremely
treacherous. Bertelsen and Howitz (76) reported that 27 of
33 (81%) of the airway trauma victims in their series died
almost instantly. Cicala et al. (77) reported an overall 24%
mortality rate in their series of patients with upper airway
injuries. Therefore, all patients with penetrating neck
trauma should be presumed to have an airway injury and
treated accordingly until proven otherwise. There is no
agreement as to the best method to intubate patients with
known airway injury; however, the key points in Table 8
may help avoid an airway disaster.

Vascular Injury
Vascular injury can complicate airway management by
multiple mechanisms. The first is excessive hemorrhage
sufficient enough to blind the intubator to the airway.
If the patient is bleeding excessively and is moribund, the
intubator may be able to follow air bubbles during direct
laryngoscopy. When the patient is drowning in their own
blood, then it is advisable to have two suction sources. The
first is the standard Yankauer suction and the second
suction source is to have an assistant place the suction
tubing itself into the oral cavity because the Yankauer is
easily clogged with blood clots. A surgical airway or a retro-
grade technique should be strongly considered. Another
mechanism of vascular injury that complicates airway man-
agement is tracheal deviation or distortion of the airway
sufficient to make orotracheal intubation difficult to impos-
sible. In either event, a primary surgical airway should be
strongly considered and quickly initiated. The patient may
also be significantly hypotensive and will require rapid
resuscitation, thereby placing time constraints on airway
management.

Whether experiencing vascular or airway injury, the
patient will most likely be severely agitated and combative.
It is important to calm and reassure the patient and to coach
them to take slow deep breaths to help provide adequate
ventilation. Avoid the temptation to administer excessive
sedation as this can lead to apnea, hypotension, and
disaster. These patients will tend to prefer to sit
upright with their head and neck aligned in the “sniffing”
position. Placing the awake patient in the supine position
may only worsen airway obstruction and agitation.

A surgical airway can be placed with a patient sitting
upright. If the patient has stridor, or significant narrow-
ing of the airway, then consider a helium–oxygen mixture
(heliox). The low density of the helium molecules will
allow for a more laminar flow of the inhaled gases, thus pro-
viding improved ventilation mechanics and flow of oxygen.
Some patients may be so combative as to preclude any
awake attempts at intubation. In this event, a RSI must be
attempted, and the patient intubated by direct laryngoscopy
either with or without the combination of fiber-optic visual-
ization or intubated by a surgical technique.

Cervical Spine Injury
Most patients with penetrating spinal cord injury, especially
from gunshot wounds, will sustain significant and perma-
nent injury. However, it is still important to maintain cervical
spine immobilization and protection to avoid extending the
existing injury or causing a new injury. When an emergency
intubation is required (i.e., the patient is not spontaneously
ventilating, cooperative, and stable), intubation with direct
laryngoscopy with or without RSI should be attempted
with manual in-line axial stabilization (MIAS). Criswell
et al. (80) found no further neurological injury when MIAS
was applied in 73 patients who had an existing cervical
spine injury. If the patient is cooperative and stable, an
awake FOB technique is recommended for cervical
spine protection and continuous neurological evaluation. If
a difficult airway is predicted in an uncooperative or
unstable patient, surgical airway equipment and personnel
should be present. Finally, to maintain cervical stability
during neck exploration, the patient’s head should be
taped and supported by sand bags and kept in the neutral
position.

INTRAOPERATIVE AND HEMODYNAMIC MANAGEMENT
Intravenous Access and Monitoring
As per ATLS protocol, patients with penetrating neck
trauma, like other trauma patients, should have at least
two large-bore peripheral intravenous catheters. Avoid
placing intravenous access on the ipsilateral side as the
injury, especially with zone I injuries (Fig. 2). It is appropri-
ate to place intravenous access in the lower extremity, for
example, the saphenous or femoral vein. However, avoid
using both lower extremities in the event a vein graft may
have to be harvested to repair a vascular injury. If central
venous access is indicated, then a subclavian or femoral
vein approach is appropriate; however, avoid placing a sub-
clavian catheter on the ipsilateral side as the neck injury.
Pulmonary artery catheter placement is indicated for the
care of patients with severe coexisting medical problems
(i.e., cardiac disease) and patients with spinal shock.
The acute placement of both central venous access and
pulmonary artery catheters may not be practical due to
time constraints.

Monitoring
Intraarterial blood pressure monitoring is indicated for
most patients undergoing a neck exploration, because even
the most benign-appearing injury could evolve into a com-
plicated procedure requiring beat-to-beat blood pressure
monitoring and frequent blood gas and laboratory
samples. If possible, avoid placing an intraarterial catheter
on the side ipsilateral to the injury. Processed and standard

Table 9 Indications for a Surgical Airway with

Penetrating Neck Injury

Failure to intubate

Cricoid ring injury

Significant laryngeal injury

Excessive hemorrhage

Significant tracheal deviation

Trauma-induced airway obstruction

Quadriplegia

Significant upper airway tissue edema and destruction
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EEG monitoring is also recommended in the setting of
possible cerebral arterial injury.

If time permits, central venous access should be placed
for central venous pressure (CVP) monitoring. A mean CVP
of 10 to 12 cm H2O should provide sufficient volume to
maintain cerebral perfusion. As some patients may have cer-
ebral edema secondary to ischemia, CVP monitoring may be
useful for preventing excessive fluid administration and
thereby minimize cerebral edema and increased intracranial
pressure. If the patient is hypotensive despite having
adequate blood volume, then a vasopressor is indicated to
maintain a mean arterial pressure of 80 to 90 mmHg.

Capnography is utilized along with arterial blood gas
monitoring to maintain a PCO2 of 35 to 40 mmHg. This
level should promote adequate cerebral perfusion and circu-
lation without hyperemia. As hyperglycemia and hyper-
calcemia can worsen cerebral ischemia, these levels should
be maintained within normal limits as well.

Specific Injuries
Carotid Artery Injury
The primary objectives for intraoperative management of
patients with a carotid artery injury are aggressive resuscita-
tion, maintenance of hemodynamic stability, and the pro-
vision of adequate cerebral perfusion and protection. The
patient should be resuscitated with fluids and, if necessary,
blood as rapidly as possible. The goals of this resuscitation
are to achieve a mean arterial blood pressure (MAP) of 80
to 90 mmHg, a decrease in the base deficit, and a urine
output of 1 cm3/kg/hr. The ultimate objective is to
promote adequate cerebral perfusion and collateral circula-
tion through the circle of Willis. Red blood cells should be
transfused to a serum hemoglobin level of about 10 g/dl.
This should provide an adequate balance between oxygen-
carrying capacity and viscosity to maximize cerebral
perfusion.

Cervical Spinal Cord Injury
Patients with penetrating neck injury can receive cervical
spinal cord trauma from either a projectile or concurrent
blunt trauma. The patient may have significant neurologic
deficits, including spinal shock. To treat spinal shock and to

prevent the extension of neurologic deficits, hemodynamic
stability should be quickly achieved. If the patient is under-
going emergency surgery for trauma other than a spinal
injury, management of the patient is similar to that for the
patient with carotid artery injury. To optimize the hemody-
namic status of patients with spinal cord injury who are
undergoing cervical spine fusion and instrumentation, the
author suggests a protocol for hemodynamic management
that was jointly developed by the Department of Anesthe-
siology and Pain Management and the Department of
Neurosurgery at the University of Texas Southwestern
Medical Center of Dallas. This protocol was developed
after some patients with cervical spine injury under-
going cervical spine fusion procedures developed severe
intraoperative hypotensive episodes, which resulted in the
extension of their neurologic deficits. This protocol, when
followed, has resulted in improved outcome (Table 10).

Management of Venous Air Embolism
Patients with cervical venous injuries can suffer significant
blood loss and require substantial resuscitation. They
should be resuscitated not only to restore blood volume,
but also to avoid a venous air embolism (VAE) because
volume-depleted patients are at increased risk for this com-
plication. Placement of a multi-orifice central line is effective
in aspirating air during a VAE; however, with a vascular
injury, time is of the essence, and the placement of these cath-
eters may be impractical. Early recognition and prevention
of an air embolism is probably of greater importance. The
best monitor to detect a VAE is a transesophageal echo;
however, most anesthesia providers are not qualified in the
use of this device. A precordial Doppler is an easily
placed, noninvasive, and relatively effective method to
detect a VAE. However, if the chest is scrubbed for a possible
sternotomy, then this device would be in the surgical field. If
available, monitoring for an increase in end-tidal nitrogen
can aid in the early detection and confirmation of a VAE.
Monitoring for a sudden decrease in the end-tidal CO2 is a
standard of care; however, this decrease occurs late during
an embolic event.

If a VAE is detected, the patient should be immediately
placed in the Trendelenburg position and the surgical team

Table 10 Monitoring and Hemodynamic Management After Acute Spinal Cord Injury

Hypothesis The following are guidelines for management of patients with acute cervical cord injury who have

sustained severe neurologic deficit [American Spinal Injury Association Impairment Scale A (no

motor or sensory function) or B (sensory but no motor function preserved below level of injury)]

Recommendations MAP be maintained greater than 85 mmHg

Pulmonary artery occlusion pressure (PAOP) or pulmonary artery diastolic pressure be maintained at

approximately 15 mmHg using crystalloids or colloids as necessary

The systemic vascular resistance be maintained between 800 and 1000 dynes s/cm (5)

Treatment Initial therapy by fluid replacement (balanced salt or colloid) to maintain mean blood pressure

�80 mmHg; roughly correlating to a CPP .70 (in the setting of normal ICP); volume should be

given first to a PAOP of 15; if these numbers are attained and the MAP is not greater than 80, then

vasopressors should be used; dopamine or levophed should be the vasopressor of first choice;

neo-synephrine can be used if the CI is �4.5 L/min/m (2); dobutamine can be used if the

CI is ,2.5 L/min/m (2)

Inotropic/vasopressor support as needed, given via continuous infusion, according to above

parameters: dopamine 2 to 10 mg/kg/min; levophed: 0.01 to 0.2 mg/kg/min; phenylephrine:

0.10 to 0.5 mg/kg/min; dobutamine: 2 to 10 mg/kg/min

Abbreviations: CI, cardiac index; CPP, cerebral perfusion pressure; ICP, intracranial pressure; MAP, mean arterial blood pressure; PAOP,

pulmonary artery occlusion pressure.
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simultaneously notified. The wound should be covered and
flooded with normal saline and immediate volume resusci-
tation administered along with vasopressors as necessary.
Placing the patient in the left lateral decubitus position, if
possible, may slow the entrainment of air from the right
atrium into the pulmonary circulation, as well as avoid a
paradoxical air embolus through a patent foramen ovale.
Early initiation of chest compressions may break up the air
bubbles and facilitate their passage and absorption
through the pulmonary vasculature.

ANESTHETIC DRUGS ANDTECHNIQUES
Induction of Anesthesia
Whenever the induction of general anesthesia is planned for
patients with unprotected airways, it is important that qua-
lified surgeons and emergency airway equipment be at the
bedside. The anesthesia provider has multiple induction
agents and techniques to choose from. If the patient is
already intubated and hemodynamically stable, then a
smooth inhalation induction with the patient spontaneously
breathing would be ideal. Although any agent is acceptable,
sevoflurane would be the volatile agent of choice because it
is less irritable to the airway and produces less cardiac
depression than halothane. If there is potential for baro-
trauma with a pneumothorax or subcutaneous emphysema,
then the addition of nitrous oxide is best avoided. For those
patients without a secure airway, the degree of airway
and/or hemodynamic compromise and the patient’s level
of consciousness will modify the induction technique. The
induction agents should be selected and titrated accordingly.
For example, sodium pentothal and propofol are appropriate
for the induction of stable patients, whereas etomidate,
ketamine, or scopolamines are more appropriate for
unstable patients.

Some authors recommend a mask ventilation induc-
tion with a spontaneously breathing patient. This has the
advantage of minimizing potential barotrauma and main-
taining the integrity of an injured airway, because neuro-
muscular blockade could theoretically result in airway
obstruction due to loss of muscle tone. It should be noted
that careful titration of intravenous anesthetics can maintain
spontaneous ventilation just as well as an inhalational induc-
tion. The spontaneous ventilation technique is useful for
intubating patients with bronchial injuries in proximity to
the carina. The patient can maintain spontaneous ventilation
throughout a double lumen or intentional intubation of the
noninjured bronchus with a single-lumen ETT. However,
there are risks associated with this technique. As most
trauma patients have full stomachs and many are intoxi-
cated with either alcohol or drugs, an inhalation technique
may allow for aspiration of gastric contents through an
unprotected airway. Furthermore, these patients are also at
risk for laryngospasm.

RSI and intubation by direct laryngoscopy with or
without fiber-optics is also an acceptable technique. When
the cervical spine is at risk, MIAS with cautious cricoesopha-
geal compression should be employed. However, if the injury
is in close proximity to the cricoid ring, cricoesophageal
compression should be avoided.

To achieve the best intubating conditions, neuro-
muscular blockade with either succinylcholine or rocuro-
nium can be administered. A straight laryngoscope blade
should be available in the event that the epiglottis is
floppy or has lost its support due to injury. Some authors

argue against the use of neuromuscular blockade because
it may possibly lead to obstruction of the injured airway.
However, if the airway has trauma sufficient to cause
airway obstruction with or without neuromuscular block-
ade, then those patients should probably have a surgical
airway as the primary choice.

To avoid neuromuscular blockade, successful RSI and
intubation with direct laryngoscopy has been reported with
the administration of propofol 3 mg/kg and remifentanil
4 mg/kg in a malignant hyperthermia susceptible pediatric
patient with a gunshot wound (GSW) to his neck (81). This
technique has the advantage of avoiding neuromuscular
blockade; however, the patient will be apneic and require
positive pressure ventilation; furthermore, this technique
may not be prudent for the hypovolemic patient.

Maintenance of Anesthesia
The maintenance of anesthesia in penetrating neck patients
aims to expediently resuscitate and maintain hemodynamic
stability as well as provide an anesthetic tailored for the
smooth emergence of an awake and alert patient able to
maintain their airway. There are many techniques that will
achieve these goals. For example, if a volatile technique is
chosen, then sevoflurane would appear to be ideal as it is
less irritable to the airway. Total intravenous anesthesia
can be tailored for both stable and unstable patients. An
induction dose of ketamine 1 to 2 mg/kg with a subsequent
infusion of ketamine 1 to 2 mg/kg/hr may provide a suitable
anesthetic for the hemodynamically unstable patient,
whereas a propofol infusion combined with or without a
remifentanil infusion would be appropriate for a stable
patient. A balanced technique with a volatile agent titrated
with opioids and benzodiazepines is also an acceptable
method to maintain anesthesia.

Emergence and Postoperative Care
Prior to wound closure, it is prudent to check for adequate
hemostasis in order to minimize the risk of postoperative
bleeding and the development of a hematoma, which
could lead to airway obstruction. In coordination with the
surgical team, the adequacy of venous hemostasis can be
tested with the application of a moderate Valsalva maneuver
by holding the airway pressure within a 35 to 40 cm H2O
range with the Ambu bag. Arterial hemostasis, especially
in the hypotensive patient, can be tested by bringing
the patient’s blood pressure into a normotensive range.
Carefully administered doses of phenylephrine 50 to
100 mg can be titrated to an MAP of about 90 mmHg. Antie-
metics should be administered to minimize postoperative
nausea and vomiting, and 2% lidocaine 50 to 100 mg
should be sprayed into the ETT or administered intrave-
nously to decrease coughing.

The decision to extubate is based on the clinical status
of the patient. Some patients may have received significant
resuscitation with fluids and blood products, have signifi-
cant airway edema, or undergone an extensive surgical
repair. These patients should remain intubated and observed
in an intensive care setting. Prior to extubation, the ETT cuff
should be deflated temporarily to determine the presence of
an air leak, thus demonstrating that the airway is probably
not excessively edematous. Extubation should be performed
only after the patient has met all extubation criteria as
reintubation may prove to be extremely difficult if not
impossible; therefore, “when in doubt, don’t take it out.”
Postoperatively, the patient should be carefully monitored
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for bleeding and airway compromise and should be
awake with minimal sedation prior to discharge from the
postanesthetic care unit.

EYE TO THE FUTURE

Rapid advances in technology have created major changes in
the management of traumatic injury. Penetrating neck injury
is no exception. The use of computed tomographic angio-
gram may allow for more rapid assessment of vascular
injuries. This modality is less invasive than standard angio-
gram and provides additional information regarding soft
tissue involvement. Ultrasonography is another rapidly
advancing technology that can be applied to the evaluation
of the trauma patient. This technology has become more
portable and has begun to leave the domain of the radiology
department. Ultrasound machines are common throughout
emergency rooms and intensive care units in most large
urban hospitals. Ultrasonography, especially with Doppler
and color flow technology, will aid in the initial evaluation
of patients with penetrating neck injury, allowing for rapid
assessment of the vascular structures within Zone II of the
neck and evaluation of hematoma. The effect of these techno-
logical advances on rates of operative exploration remains
unknown, but one can speculate that as our ability
to define organ injury improves, the need for surgical
procedures to identify injury decreases and our operative
interventions will become focused upon repair.

Developments in the anesthetic management of pene-
trating neck trauma should be guided by large prospective
studies on both airway and anesthetic management. The
safety of airway management may be improved as technol-
ogy develops new equipment such as the Shikani Seeing
Stylet and other fiber-optic devices. It is imperative that
the current operating room standards of care developed by
the American Society of Anesthesiologists (including the
guidelines for airway management, pulse oximetry, and
end-tidal capnography) be carried over into other intubating
locations such as the emergency room. Emergency airway
equipment such as Saunders jet ventilators, laryngeal mask
airways, Combitubes, and fiber-optic equipment should be
readily available at all intubating locations. Training in
the use of this equipment should be implemented to
improve the proficiency of all practitioners who are on the
front lines of airway management.

In time, an ideal induction agent that provides
amnesia, anesthesia, analgesia, and hemodynamic stability
without respiratory depression may be developed. There
is a need for such an agent that allows for good intubating
conditions without the need for neuromuscular blockade.
It would be ideal if such an agent was rapidly eliminated
from the system, e.g., by serum esterases similar to remifen-
tanil. Such an agent would allow for a spontaneously breath-
ing patient and rapid access to safely secure the airway.

SUMMARY

Penetrating neck trauma is a common problem encountered
by the trauma surgeon. Evaluation and management of these
patients is based on clinical exam, zone of injury, mechanism
of injury, hemodynamic status, and the diagnostic capabili-
ties of the treating facility. A major branch point in the
decision tree remains diagnostic work-up versus operative
exploration.

Multiple modalities exist to evaluate the patient with
penetrating neck trauma. Again, the location/zone of
injury will help to determine which tests are indicated for
optimal patient evaluation. Zone I injuries are best evaluated
with angiography to exclude vascular trauma. Zone II inju-
ries require several modalities for complete evaluation
because many structures from differing organ systems
traverse this zone. Angiography may be needed to exclude
vascular trauma. Esophagoscopy and contrast radiography
may be required to exclude esophageal injury. Bronchoscopy
may be required to adequately exclude airway injury.
Zone III injuries are best evaluated with angiography to
exclude vascular trauma and possibly direct laryngoscopy
to exclude oropharyngeal injury.

Certainly, airway management remains the most criti-
cal factor during the initial evaluation and any patient with
hemodynamic abnormality or hard signs of hemorrhage
belongs in the operating room. Careful observation of
these patients postoperatively, as well as those patients not
undergoing operation, is critical in identifying possible
missed injuries. Delay in treatment of esophageal injury, or
a missed esophageal injury can cause significant increases
in morbidity and mortality.

Overall, management of these patients requires rapid
assessment and expedient formulation of a plan of care.
The recommended treatment pathways continue to evolve.
The use of HCTA is increasingly available, and will likely
replace angiography as the evaluation tool for vascular
injuries in stable patients. It is likely that future treatment
algorithms will begin to veer away from using zones of the
neck as branch points in stable patients, as HCTA is becom-
ing of such high resolution that less wounds will be exported
that do not have a preop known injury.

Penetrating neck injury should never be taken lightly
because the outcome after missed injury can be devastating.
It is crucial to recognize the potential treachery of this injury
and manage these patients accordingly.

KEY POINTS

The platysma is of particular importance to the trauma
surgeon because it serves as the anatomic landmark
between superficial and deep penetrating injuries to
the neck.
The neck is divided into three zones. Zone I includes
the thoracic inlet (clavicles to the cricoid cartilage).
Zone II includes the structures of the mid-neck
(cricoid cartilage to the angle of the mandible). Zone
III includes the structures near the skull base (angle of
the mandible to the base of the skull).
Significant abnormalities in oxygenation/ventilation or
the presence of stridor, significant hematoma, gross
hemorrhage, or a depressed mental status are all indi-
cations for definitive airway management.
In airway management for penetrating neck trauma,
blind techniques should be avoided because of the
risk of releasing a hematoma under tamponade
(causing exsanguination or significant aspiration), or
converting partial airway obstruction/injury into com-
plete lost airway (due to obstruction/transection).
With suspicion of a vascular injury, arteriograms of the
ipsilateral carotid and vertebral vessels are obtained on
all hemodynamically stable patients with penetrating
injury in zones I and III.
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The summary data support formal neck exploration for
symptomatic patients with the understanding that
zone I and III injuries may benefit from a preoperative
angiogram or HCTA if the patient’s hemodynamic
status permits.
In the absence of neurologic deficit, carotid artery repair
should be performed when possible.
The role of carotid artery repair in the presence of
neurologic deficit remains controversial.
Penetrating laryngotracheal trauma is strongly associ-
ated with injury to adjacent structures and a full oper-
ative exploration is required to ensure an associated
injury does not exist.
Adequate postoperative drainage must be obtained in all
complex combined injuries of the trachea and esophagus.
Oral feeding is initiated only after a contrast study
demonstrates the absence of esophageal leak; usually
evaluated five to seven days following esophageal repair.
In general, an awake and spontaneously breathing
patient provides a significant margin of safety during
airway management for penetrating neck trauma.
Intubation over a fiber-optic bronchoscope (FOB) has
the advantages of both an awake, spontaneously
breathing patient and the ability to examine the
airway distal to the glottis.
Blind endotracheal intubation techniques (including
blind nasal and retrograde) are relatively contraindi-
cated in penetrating neck trauma.
If the patient has no expired end-tidal CO2 after intuba-
tion, consider the placement of the ETT through a false
passage as well as an esophageal intubation.
Retrograde intubation is relatively contraindicated in
penetrating neck trauma.
Avoid the temptation to administer excessive sedation
as this can lead to apnea, hypotension, and disaster.
If the patient has stridor or significant narrowing of the
airway, then consider a helium–oxygen mixture (heliox).
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INTRODUCTION

Cardiothoracic trauma includes injury to the chest wall,
trachea, bronchus, lungs, pleura, heart, thoracic great
vessels, diaphragm, and esophagus. Because victims of
cardiothoracic trauma may have multiple life-threatening
injuries, perioperative management of these patients is
challenging. The purpose of this chapter is to provide an
up-to-date review of the resuscitative management and
intraoperative care of patients with cardiothoracic trauma.
After discussing the incidence, pathophysiology, and perio-
perative assessment, the anesthetic considerations for
cardiothoracic trauma are explored, including the tech-
niques for lung separation and monitoring requirements.
This chapter is complimentary to Volume 2, Chapter 25
which covers the postoperative and critical care manage-
ment of these injuries.

INCIDENCE

Thoracic trauma directly accounts for 20% to 25% of all
trauma deaths in the United States and is a contributing
factor for an additional 25% of trauma-related deaths (1,2).
The incidence of penetrating and blunt trauma has
decreased at many centers (3); however, cardiothoracic inju-
ries continue to be a significant source of morbidity at most
urban trauma centers due in part to the increasing utilization
of high-speed travel (Table 1) (4) and the continued problem
of interpersonal violence.

The overall mortality from cardiothoracic trauma is
10%, and it is estimated to be responsible for approximately
16,000 deaths per year in the United States. Immediate
deaths are usually due to massive injury of the heart, great
vessels, or lungs. Early deaths occurring within 30 minutes
to 3 hours are secondary to airway obstruction, hypoxemia,
hemorrhage, cardiac tamponade, hemopenumothorax, and
aspiration. Associated abdominal injuries are common.

Multisystem injuries such as head, face, spine, and extre-
mities frequently coexist in patients sustaining blunt
cardiothoracic trauma. In 1485 patients with chest
trauma, 71% had multiple injuries (Table 2) (5).

Two-thirds of cardiothoracic trauma patients reach the
hospital alive. Improved prehospital care and rapid trans-
portation have increased survival, but mortality remains
high. Many of these patients die after reaching hospital,
and some of these deaths could be prevented with prompt
diagnosis and treatment. Few blunt trauma patients and
only 5% to 15% of penetrating chest trauma patients
require open thoracotomy. Complex and potentially fatal
traumatic cardiothoracic injuries require emergent surgical
intervention, however, most patients can be successfully
treated with tube thoracotomy and respiratory and hemody-
namic support. Tracheal intubation is frequently required for
posttraumatic respiratory insufficiency.

PATHOPHYSIOLOGY

Early diagnosis and optimal treatment of cardiothoracic
trauma requires a thorough knowledge of the etiology and
pathophysiology of cardiothoracic injuries. Cardiothoracic
trauma can be classified as penetrating or blunt.

Penetrating
Penetrating wounds of the chest such as gunshot and stab
wounds can directly injure any or all structures in the
trajectory of the missile or weapon, causing rib fractures,
pneumothorax, hemothorax, or pulmonary or cardiac
injury. In contrast, low-velocity penetrating trauma does
not generally damage surrounding structures not directly
injured.

Gunshot and shrapnel wounds cause both direct
injury to structures encountered by the weapon and second-
ary injury due to the blunt trauma-like shock wave created
by the missile. The higher the velocity, the greater the poten-
tial for significant injury to contiguous structures. The
extent of internal injuries cannot be judged by the appear-
ance of a skin wound alone. Furthermore, the extent of
tissue injury, even on initial direct examination in the oper-
ating room (OR) is imprecise. Accordingly, these wounds
occasionally require a staged approach with planned
reexploration.
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Blunt
Blunt forces applied to the chest wall cause injury by three
mechanisms: rapid deceleration, direct impact, and com-
pression. Rapid deceleration is the usual force involved in
high-speed motor vehicle collisions (MVCs) and falls from
a height. The degree of external trauma may not fully
predict the severity of intrathoracic injuries, thus clinical
suspicion of pulmonary, cardiac, and great vessel trauma
should be heightened in patients who have sustained high-
energy decelerating trauma. Direct impact by a blunt
object can cause localized fractures of the bony chest
wall with underlying lung parenchymal injury, blunt
cardiac injury (BCI), pneumothorax, and/or hemothorax.
Compression of the chest by a very heavy object impedes
ventilation and may result in traumatic asphyxia because
of marked increases in pressure within veins of the upper
thorax. Compression often causes severe bony chest wall
fractures.

Respiratory and Hemodynamic Effects
Cardiothoracic trauma can induce respiratory insufficiency
and hemodynamic collapse or shock, with resultant hypoxia,
hypercarbia, and acidosis. Hypoxia is the most serious
feature of cardiothoracic injury. Respiratory insufficiency
occurs as a result of chest wall injury, especially multiple

rib fractures with flail chest, pneumothorax, pulmonary
contusion, aspiration, tracheal injury, and hemothorax.

Hemodynamic collapse causes hypoxia and metabolic
acidosis, and includes hemorrhagic shock caused by massive
hemothorax, cardiogenic shock, cardiac tamponade, and
severe impairment of venous return and cardiac function
by tension pneumothorax.

PERIOPERATIVE ASSESSMENTAND MANAGEMENT
OF SPECIFIC THORACIC INJURIES

All cardiothoracic injuries should be considered lethal until
proven otherwise. The initial approach to assessment and
management should follow the principles of the American
College of Surgeons (ACS) Advanced Trauma Life Supportw

(ATLSw) protocol for life-threatening injuries (6). Patient
management begins with the primary survey and adjuncts
to the primary survey, including chest x-ray (CXR), along
with resuscitation of vital functions, followed by a detailed
secondary survey and definitive care.

Immediate life-threatening injuries should be treated
as quickly and as simply as possible. Many life-threatening
cardiothoracic injuries can be managed by airway control
and/or chest decompression with either needle thoracentesis
or tube thoracotomy. Early interventions include oxygen
supplementation, rapid tracheal intubation, large bore intra-
venous (IV) access, and fluid resuscitation to prevent or
correct hypoxia or ischemia. Teamwork between trauma sur-
geons, anesthesiologists, emergency department physicians,
radiologists, nurses, and critical care specialists is the key to
optimum management of cardiothoracic injuries.

Airway
Airway patency and ventilation is assessed by checking the
patient’s verbal responses (if possible), and by listening for
air movement at the patient’s nose, mouth, and lungs.
End-tidal CO2 monitoring should be employed to document
ventilation, and continuous pulse oximetry is employed to
monitor oxygen saturation. All airway manipulations must
be performed with cervical spine (C-spine) immobilization,
until C-spine injury is ruled out. Advanced airway mana-
gement and rapid sequence intubation (RSI) (Volume 1,
Chapter 9) are frequently required (7–9). However, with
direct injury to the airway (including partial tears, expand-
ing hematomas, etc.), spontaneous ventilation should
be maintained, and an awake intubation technique is gener-
ally recommended [typically a fiber-optic bronchoscopic
(FOB)-assisted]. A complete review of definitive airway
management for trauma is provided in Volume 1, Chapter 9.
Indications for intubation following cardiothoracic trauma
are provided in Table 3. Correct endotracheal tube (ETT)
position must be confirmed and ventilation effectiveness
determined by evaluating the end-tidal carbon dioxide,
observing chest movement, auscultating breath sounds, or
by using an FOB to visualize tracheal rings after exiting
the ETT. A postintubation CXR is required to further docu-
ment the tube position. Initially occult injuries such as a
simple pneumothorax or tracheobronchial tear can become
more apparent following intubation, and should be specifi-
cally ruled out (Table 4) (10).

Laryngeal Injury
External laryngeal trauma is a less common but clinically
important injury (11). The incidence of laryngeal injuries in

Table 1 Incidence of Injuries in Patients

with Blunt Thoracic Trauma Presenting to the

Operating Room for Emergency Surgery

Type of injury Incidence (%)

Rib fractures 67

Pulmonary contusion 65

Pneumothorax 30

Hemothorax 26

Flail chest 23

Diaphragmatic injury 9

Myocardial contusiona 5.7

Aortic tear 4.8

Tracheobronchial injury 0.8

Laryngeal injury 0.3

aDiagnosed by radionuclide angiography or at

autopsy.

Source: From Ref. 4.

Table 2 Extrathoracic Injuries Associated

with Chest Trauma (N ¼ 1485)

Injury Incidence (%)

Skull fracture 10

Cerebral concussion 38

Cerebral contusion 13

Facial fractures 8

Vertebral column 11

Upper limbs 20

Lower limbs 26

Pelvic fractures 14

Abdomen 32

Source: From Ref. 5.
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patients presenting to the OR with blunt thoracic trauma is
0.3% (4). Direct blows to the neck can produce a “clothes-
line”-type injury which crushes the cervical trachea against
the vertebral bodies, transecting tracheal rings, or the
cricoid cartilage (Fig. 1). Shear forces on the trachea create
damage at its relatively fixed points—the cricoid and the
carina (12). Major injuries affecting the airway should be
recognized and addressed during the primary survey.

Laryngeal injury should be suspected in any patient
with hoarseness, subcutaneous emphysema in the neck,
and/or hemoptysis. Tracheal and bronchial compromise
by compression or direct injury should be suspected if there
is upper airway obstruction, stridor, obvious trauma at the
base of the neck, or significant sternal fracture with a
palpable defect in the region of the sternoclavicular joint.

The method of choice for securing the airway in
patients with laryngeal trauma and airway compromise
with stridor is awake FOB-assisted intubation while main-
taining spontaneous ventilation. Even in the absence of
airway compromise, examination of the upper airway by
computed tomography (CT) and/or bronchoscopy is necess-
ary to determine the degree of damage following blunt
laryngeal or neck trauma (11). Acute airway obstruction
from neck trauma is life-threatening, and emergency
cricothyroidotomy may be required.

Laryngeal trauma may go unrecognized because
patients can appear normal for several hours after the injury
has occurred (13). Complications such as delayed airway
obstruction and voice compromise are decreased with
early surgery for repair of laryngeal injury. Associated injuries
include skull base or intracranial damage, open neck wounds,
C-spine, and esophageal or pharyngeal injury (13).

When early tracheal intubation is needed, FOB can be
utilized by an experienced endoscopist. Intubation over the
FOB allows visualization of the airways as the ETT is
passed beyond the site of injury, and obviates much of the
danger associated with conventional laryngoscopy. Blind
intubation techniques are contraindicated in the setting of
airway injury. Oversedation and neuromuscular relaxants
are also best avoided as these may result in loss of the
airway (12).

Tracheobronchial Injury
Intrathoracic rupture of the trachea or major bronchi result
from great forces shearing the more mobile distal bronchi
from relatively fixed proximal structures during rapid decel-
eration. Furthermore, the cervical trachea is protected by the
mandible and sternum anteriorly and by vertebrae poster-
iorly. More than 80% of ruptures of bronchi are within
2.5 cm of the carina. These are serious injuries with an
estimated mortality of 30% due to the high incidence of
associated injuries (14).

Table 3 Indications for Tracheal Intubation After

Cardiothoracic Trauma

Airway protection and risk for aspiration

Definitive maintenance of airway patency

Surgery and requirement for general anesthesia

Mechanical ventilation and respiratory failure

Maintenance of oxygenation or positive end expiratory

pressure

Head trauma and GCS �8

Advanced cardiac life support and drug administration

Pulmonary toilet

Hypoxemia refractory to oxygen therapy

Uncontrolled seizure activity requiring airway control

Depressed level of consciousness in trauma patient

Combative patient with compromised airway

Abbreviation: GCS, Glasgow Coma Scale.

Source: From Ref. 9.

Table 4 The Chest X-Ray Exam in Cardiothoracic Trauma:

Sequential Order of Normal and Abnormal Findings to Be

Surveyed

Sequence

number

Lung finding or structure to be evaluated

on the chest radiograph

1 Verify patient name and date of study

2 Determine position of patient (i.e., supine vs. upright)

3 Evaluate the X-ray penetration of the film (for com-

parative purposes)

4 Review the tracheobronchial tree

5 Evaluate the density and character of the lung

parenchyma

6 Identify the mediastinal silhouette

7 Review the silhouette of vascular structures including

the aortic knob

8 Evaluate the pleural cavities (presence or absence of

effusion)

9 Identify the presence and location of tubes

10 Rule out hemopneumothorax

11 Look for pneumomediastinum

12 Evaluate the ribs for fractures

13 Determine the presence of spinal and other skeletal

fractures

14 Look for any other foreign bodies

Source: From Ref. 10.

Figure 1 Computed tomography of the neck in a 19-year-old

male with head-on motor vehicle crash. The patient had stridor,

hoarseness, and subcutaneous emphysema. Note the cricoid tear

and subcutaneous air.
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Although clinical findings alone are seldom satis-
factory for diagnosing tracheobronchial disruption, the
classic findings are: hemoptysis, dyspnea, subcutaneous
and mediastinal emphysema, and hypoxia. Cyanosis
occurs in the late stages. A large pneumothorax is present
if there is free communication between the rupture of the
trachea-bronchial tree and the pleural cavity (broncho-
pleural fistula). Tube thoracotomy shows continuous
bubbling of air in the water seal, and suction may fail to
re-expand the lung. The chest x-ray demonstrates pneu-
mothorax, pleural effusion, pneumomediastinum, or subcu-
taneous air. Overall 90% of these patients will have extra-
anatomic air seen on the admission CXR (Table 5). The
helical CT scan may be helpful in establishing the diagnosis.

Fiber-optic bronchoscopy is the most reliable
means of diagnosing and staging tracheobronchial
injury. An FOB examination should be carried out
promptly whenever tracheobronchial rupture is suspected
because it is the most reliable means of establishing the diag-
nosis (14,15). Airway management of patients with bronchial
injuries may require placement of a double-lumen endobron-
chial tube or bronchial blocker (discussed below) (14,16).

Tracheobronchial injuries should be repaired surgi-
cally with thoracotomy as soon as possible in order to dimin-
ish the risk of repeated pulmonary infections, severe
bronchial stenosis, or mediastinitis. Resuscitation and anes-
thetic care are directed towards airway control, maintenance
of adequate pulmonary ventilation, and management of
blood loss (16).

Breathing
Breathing assessment in the context of thoracic trauma is
accomplished by observing and palpating respiratory move-
ments and by listening to breath sounds. Signs of respiratory
failure following chest injury include an increased respirat-
ory rate and a change in the breathing pattern, especially
progressively more rapid and shallow respirations. Arterial
blood gas (ABG) analysis, pulse oximetry, and end-tidal
CO2 monitoring are useful tools for corroboration of the
diagnosis of respiratory insufficiency. Cyanosis appears very
late in the progression of hypoxia from thoracic trauma
because patients in shock have decreased skin blood flow
and may be anemic. The following thoracic injuries impact
breathing and must be recognized and addressed.

Tension Pneumothorax
A tension pneumothorax develops when air enters the
pleural space from the lung or through the chest wall via a
“one-way-valve”-like opening which allows entry of air
but no exit. The progressively increasing intrathoracic
pressure in the affected hemithorax leads to complete col-
lapse of the affected lung, shifting the mediastinum toward

the contralateral side, and severely impairing central
venous return. In addition to ipsilateral lung collapse, com-
pression of the contralateral lung occurs by the displaced
mediastinum, further impairing ventilatory capacity, result-
ing in hypoventilation and hypoxemia. Decreased venous
return by elevated intrathoracic pressure leads to profound
hypotension and cardiac arrest if untreated.

Clinically, tension pneumothorax is characterized by
chest pain, dyspnea, tachycardia, hypotension, contralateral
tracheal deviation, and ipsilateral lung hyperresonance with
the absence of breath sounds. A CXR reveals widening of
the intercostal spaces and downward displacement of the
diaphragm on the ipsilateral side of the tension pneu-
mothorax, whereas the trachea and mediastinum are deviated
away toward the contralateral side (Fig. 2). Tension pneu-
mothorax, however, is a life-threatening condition that
should be diagnosed clinically.

Treatment should not be delayed waiting for radio-
logic confirmation. Treatment consists of immediate decom-
pression with a needle or tube thoracotomy. Needle
thoracotomy is a temporizing maneuver converting the
injury to a less severe simple pneumothorax. It is performed
by placing a needle in the second intercostal space in the
mid-clavicular line. For definitive treatment, tube thoracot-
omy should be performed in the fifth intercostal space just
anterior to the mid-axillary line on the affected side. If the
lung does not fully re-expand after tube thoracotomy and
there is a large ongoing air leak, the airways should be

Table 5 Diagnostic Indicators of Airway Injuries

Fracture of upper ribs, clavicle, sternum

Chest wall or lung contusion

Hemoptysis, dyspnea, hoarseness, cough, stridor

Radiographic signs of pneumothorax, pneumomediastinum,

subcutaneous emphysema

Pneumothorax with persistent air leak

Tension pneumothorax after tracheal intubation and positive

pressure ventilation

Source: From Ref. 15.

Figure 2 Tension pneumothorax with hemothorax. This figure

shows an anterior-posterior chest radiograph of a supine intubated

trauma patient on a backboard in the resuscitation suite. The left

sided deep sulcus sign and rightward shifting of the mediastinum

reflect the presence of the Left sided tension pneumothorax. This

tension pneumothorax resulted in significant reduction in cardiac

output, and blood pressure. The opacity in the left chest reflects

the dependent blood from the concomitant hemothorax. The

placement of a left sided chest tube (not shown) resulted in relief of

the tension pneumothorax, return of mediastinum to the midline,

and immediate improvement in hemodynamic status. Some blood

also exited, but a transfusion was not required.
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evaluated bronchoscopically to exclude airway injury.
However, in most cases, no further treatment will be
required after chest tube insertion.

A simple pneumothorax caused by any disruption of
pleural space (e.g., subclavian or internal jugular venous
catheter insertion) can transform into a tension pneu-
mothorax, especially under general anesthesia because of
application of positive pressure ventilation and/or the
administration of nitrous oxide. Furthermore, diagnosis of
the pneumothorax during general anesthesia is difficult but
should be suspected when hypotension, hypoxia, elevated
airway pressures, absent breath sounds on the affected
side with hyper-resonance to percussion, distended neck
veins, and a deviated trachea are present. Positive end-
expiratory pressure (PEEP) should be avoided, and nitrous
oxide is contraindicated.

The incidence of pneumothorax in adult patients
presenting to the OR for emergency surgery has been
reported to be as high as 30% (4). Occult pneumothoraces
(i.e., those which are seen on chest CT but not on CXR)
and other small pneumothoraces are often treated with
close observation without chest tube insertion. Chest tube
placement should be strongly considered in any patient
with pneumothorax if general anesthesia with tracheal
intubation and positive pressure ventilation is required.
Successful observation of occult pneumothoraces without
tube thoracotomy has, however, been reported regardless
of the need for positive pressure ventilation (17).

Open Pneumothorax (‘‘Sucking Chest Wound’’)
Open pneumothorax results from a large defect of chest wall
usually caused by a wound that creates a communication
between the pleural space and external environment.
As the size of this chest wall defect approaches two-thirds
the diameter of the trachea, air passes preferentially
through the lower resistance injury tract with each respirat-
ory effort rather than through the normal airways. In
an open or “sucking” wound of the chest wall, the lung
on the affected side is exposed to atmospheric pressure,
and equilibration between intrathoracic pressure and
atmospheric pressure is immediate, resulting in the lung’s
collapse and a shift of the mediastinum to the unaffected
side. The severe venoarterial shunting that occurs in
both lungs produces profound ventilation-perfusion (V̇/Q̇)
mismatch. The patient’s effective oxygenation and venti-
lation is thereby severely compromised, leading to hypoxia
and hypercarbia. This is an immediate life-threatening
condition.

In the spontaneously ventilating patient, open pneu-
mothorax is initially treated by application of a sterile-occlu-
sive dressing with Vaseline gauze which must be large
enough to cover the entire wound and is taped securely on
three sides. This will then act as a one-way valve so that
air can escape the pleural space but not reenter. Taping
all edges of the dressing before a chest tube placed is
contraindicated because accumulation of air in the affected
thoracic cavity will lead to the development of tension
pneumothorax.

Tube thoracotomy should be performed as soon as
possible at a remote site away from the wound. If the chest
wall defect is relatively small, the pleura may soon seal
and no further intervention is necessary. In patients with
airway or breathing difficulty, early intubation and initiation
of positive pressure ventilation should be considered. For
large open chest wall defects, surgical debridement of

dead and devitalized tissue and closure of the wound
(with or without prosthetic patch) are often required under
general anesthesia.

Massive Hemothorax
Massive hemothorax is defined as a rapid accumulation of
more than 1500 cm3 of blood in the pleural space (Figs. 3
and 4). Such a massive hemorrhage usually indicates large
pulmonary laceration or great vessel or intercostal vessel
injury. One hemithorax can accommodate as much as 50%
to 60% of the entire blood volume. Massive hemothorax
may induce hemodynamic instability by loss of intravascu-
lar volume and by decreased central venous return with
increasing intrathoracic pressure and mediastinal shift.
Hemothorax also causes respiratory compromise by lung
compression secondary to blood accumulation.

The diagnosis is readily made from the clinical picture.
Radiographic evidence of fluid in the pleural space can
be seen, but the astute physician should not rely on CXR
to make the diagnosis of massive hemothorax. A
trauma patient in shock, associated with the absence

of breath sounds and/or dullness on one side of the
chest, should be treated for massive hemothorax until
proven otherwise.

The initial management includes the simultaneous
resuscitation of blood volume and decompression of the
chest cavity with a large (36–40 French) chest tube. Auto-
transfusion of the blood from massive hemothorax is
highly desired whenever possible. A moderate-sized
hemothorax (less than 1500 mL) that stops bleeding after
tube thoracotomy can generally be treated by closed
drainage alone. Most cases of hemothorax can be
adequately treated by a tube thoracotomy and restoration
of circulating blood volume. An urgent thoracotomy
should be strongly considered for an initial chest tube
output of greater than 1500 mL or with continued bleeding

Figure 3 Massive Right Hemothorax. Chest radiograph showing

massive right hemothorax in a 35 year old repeat trauma victim

(note previous thoraco-lumbar spine fixation). A hemothorax

can occur secondary to blunt or penetrating trauma of the lung,

intercostal vessels, internal thoracic artery, mediastinal vessesls,

heart; or from abdominal structures (e.g. liver, spleen) when the

diaphragm is injured.
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of more than 250 mL/hr for more than three consecutive
hours, or requiring persistent blood transfusion (10).

The most common mechanism of hemothorax is pene-
trating trauma; however, the descending thoracic aorta, the
innominate artery, the pulmonary veins, and the vena
cavae are susceptible to rupture from blunt trauma. The
incidence of hemothorax in adult patients presenting to the
OR for emergency surgery has been reported as 26% (4).
Bleeding occurs from lung, intercostal vessels, internal thor-
acic (internal mammary) artery, thoracoacromial artery,
lateral thoracic artery, azygous system (18), mediastinal
great vessels, heart, and even abdominal structures (liver,
spleen) when there is diaphragmatic rupture (Fig. 5). Persis-
tent hemorrhage usually arises from an intercostal or
internal thoracic artery and less frequently from the major
hilar vessels. Bleeding from the lung generally stops
within a few minutes after lung expansion, although initially
it may be profuse.

Flail Chest
Flail chest occurs when two or more adjacent ribs are frac-
tured in two or more places resulting in a free or floating
“flail” segment of chest wall. As a result, the floating
segment moves paradoxically with spontaneous ventilation
(moving in during inhalation, and out during exhalation).
Flail chest injury usually results from direct impact such as
lateral compression of chest wall, following a “T-bone”
MVC, or anterior chest compression against the steering
wheel of the driver in an MVC. The incidence of flail chest
in patients with blunt cardiothoracic trauma presenting
directly to the OR may be as high as 23.1% (4). This condi-
tion is rare in the pediatric population due to the more
compliant chest wall of younger trauma victims (Volume 1,
Chapter 36).

The pathophysiologic effects of flail chest consist of a
significant decrease in vital capacity and functional residual
capacity (FRC). Flail chest causes pain with respiratory
movement and is almost always associated with a lung
injury such as pulmonary contusion. The underlying pul-
monary injury can cause shunt (Q̇s/Q̇t) and V̇/Q̇ mismatch.
Even without any pulmonary contusion, the pain associated
with rib fractures alone can cause hypoxia by splinting and
consequent atelectasis, V̇/Q̇ mismatch, decreased compli-
ance, increased airway resistance, and an increased work
of breathing.

Diagnosis of flail chest injury may be made on physical
examination. Clinically, the unsupported portion of the chest
wall is seen to move paradoxically with respiration. On
inspiration, the flail area moves in; on expiration or coughing
it moves outward. Patients with large flail segments can

progressively develop rapid, shallow, and inefficient breath-
ing and coughing, with retained secretions which often
require intubation, mechanical ventilation, and aggressive
suctioning.

Patients with small flail segments, without respiratory
impairment, generally do well with pain control without
ventilatory assistance. Pain management goals are focused
upon allowing the patient to breathe deeply and cough effec-
tively in order to mobilize and clear secretions, improving
ventilatory mechanics and preventing atelectasis (19,20).
A variety of pulmonary function data have been used to
determine need for intubation and mechanical ventilation
(Table 6). However, the primary indication for tracheal
intubation is respiratory decompensation (21,22).

Adequate pain control is required in patients with flail
chest, ideally by means of an epidural catheter (discussed
below). Numerous alternative analgesic techniques may
also be used including opioid infusions, nerve blocks, and
interpleural catheters (see section on pain management
and Volume 2, Chapter 25). Interleukin-8, a proinflammatory
cytokine that has been implicated in acute lung injury, is
elevated in the setting of suboptimal analgesia (20).

Figure 5 Abdominal computed tomography scan of a patient

with an abdominal etiology of Left hemothorax. There is a

grade IV splenic laceration which resulted in left hemothorax

via the ruptured diaphragm. Contrast material is seen in the

stomach. The chext CT of this patient was very similar to that

seen in Figure 4.

Figure 4 Left Hemo-pneumothorax Computed tomography (CT)

of the lower chest after blunt thoracoabdominal trauma. The

patient was initially stable. During the CT scan, however, she

developed dyspnea, tachypnea, tachycardia, and hypotension.

Breath sounds were absent on the left. There were multiple

fractured ribs on the left side and left hemo-pneumothorax.

Management consisted of tracheal intubation, tube thoracostomy,

fluid and blood resuscitation. The patient made a full, uneventful

recovery.
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Pulmonary Contusion
Both penetrating and blunt injury can result in pulmonary
contusion, which is a concussive loss of vessel integrity
resulting in intraparenchymal and alveolar hemorrhage
and/or edema. The end result is severe endothelial injury
at the alveolar-capillary membrane. The frequency and
extent of lung contusions are proportional to the severity
of thoracic injuries. Alveolar hemorrhage and parenchymal
destruction are maximal during the first 24 hours after
injury and usually resolve within seven days (23). The esti-
mated incidence of pulmonary contusion in adult patients
presenting to the OR for emergency surgery is 65% (4).
Pulmonary contusion decreases pulmonary compliance
and increases intrapulmonary shunt fraction.

Symptoms and signs of pulmonary contusion are
dyspnea, hypoxemia, cyanosis, tachycardia, and decreased
or absent breath sounds. Pulmonary contusion is often
associated with rib fractures. Hemorrhage, edema, and
microatelectasis are the morphologic consequences of
pulmonary contusion. A prompt diagnosis is the main
factor in initiating management and determining whether

treatment will be effective. The diagnosis is first suspected
from history of major trauma. The CXR is very important,
and may show patchy, undefined densities, or homogenous
consolidation (Fig. 6). In lung contusion, CXR changes tend
to lag behind the patient’s condition and laboratory values,
and the extent of lung injury is usually greater than
suspected radiologically. Chest CT scan permits a more
complete evaluation of the pulmonary lesion. Respiratory
distress is common with hypoxemia and hypercarbia great-
est at about three days (23). Pneumonia and acute respirat-
ory distress syndrome (ARDS) may occur with subsequent
long-term disability.

Patients who sustain pulmonary contusion with
respiratory compromise often require tracheal intubation
and mechanical ventilatory support. Antibiotic therapy
may be indicated to treat pneumonia and other infections.
Early application of continuous positive airway pressure
(CPAP) improves V̇/Q̇ mismatch, FRC, and lung compli-
ance, and enhances efficiency of gas exchange and spon-
taneous ventilation (24). Spontaneous breathing and
biphasic intermittent positive airway pressure results in
more efficient oxygenation and ventilation compared with
controlled mechanical ventilation (24). Limiting peak
and plateau pressures and tidal volume and avoiding over-
distension during mechanical ventilation are important

management strategies in patients with lung injury includ-
ing pulmonary contusion. Pressure-controlled ventilation
minimizes peak and plateau airway pressures and may help
prevent barotrauma. Lung contusions usually begin to
resolve in two to five days if other pulmonary complications
are not superimposed. Although PEEP and increased FIO2

are initially required, a strategy of limiting peak and
plateau pressure and using small tidal volumes to avoid
overdistension during mechanical ventilation is applied to
the degree possible. This strategy has been associated with
improved survival at 28 days, a higher rate of weaning
from mechanical ventilation, and a lower rate of barotrauma
in nontrauma patients with early ARDS (25). However, no
prospective trials have been conducted to evaluate these
concepts in pulmonary contusion patients. The degree of
metabolic acidosis at the time of admission identifies
patients with the highest probability of developing acute
lung injury after trauma (26).

Pulmonary parenchymal repair or resection, including
tractotomy and repair, wedge resection, lobectomy, or pneu-
monectomy, is required in less than 2% of blunt thoracic
trauma and 6% of penetrating thoracic trauma victims (27).

Air Embolism
In patients with penetrating lung trauma to the hilum of
lung, pulmonary vein injury combined with positive
pressure ventilation, and elevated airway pressures (more
than 40 mmHg) may result in a bronchial-to-pulmonary
venous fistula and catastrophic systemic arterial air embo-
lism. Classic findings are hemoptysis, sudden cardiac, or
cerebral dysfunction after starting positive pressure venti-
lation, air in retinal vessels, and air in ABGs (28).

Diagnostic tools such as transesophageal echo (TEE),
Doppler, and CT can detect intracardiac and cerebral air.
Avoidance of high peak pressures during mechanical venti-
lation together with adequate volume resuscitation will help
minimize this potentially fatal condition (29). Alternatively, a
new airway and ventilatory management strategy for
patients with unilateral penetrating lung injury has been
proposed (13). With this new strategy, emphasis is placed

Table 6 Flail Chest Indications for Tracheal Intubation and

Mechanical Ventilation

Pulmonary function

criteria/dose Indication

PaO2 ,70 mmHg with rebreathing mask

PaCO2 .50 mmHg

Respiratory rate .35/min or ,8/min

Vital capacity ,15 mL/kg

Negative inspiratory

force

,20 cm H2O

PaO2/FiO2 ratio �200

Dead space tidal

volume ratio

.0.6

FEV1 �10 mL/kg

Shunt fraction (Qs/Qt) .0.2

See also Table 3.

Source: From Refs. 21, 22.

Figure 6 Left pulmonary contusion chest radiograph in a blunt

trauma patient showing left pulmonary contusion. The patient

required tracheal intubation and mechanical ventilation for severe

hypoxia.
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on completely avoiding positive pressure ventilation of the
injured lung until after surgical repair. Nonventilation of
the injured lung is achieved via use of double-lumen endo-
bronchial tubes or bronchial blockers. Hyperbaric oxygen
(HBO2) therapy (see Volume 2, Chapter 73) is useful in
managing cerebral air embolism (28,30).

Blast Injuries
Powerful explosions can cause both blunt and penetrating
trauma from flying debris and forceful winds. Primary
blast injury of the lung usually presents with pulmonary
contusions (31). The degree of pulmonary injury is
proportional to the velocity of chest-wall displacement.
Bradycardia and hypotension may occur without
hemorrhage due to a vagal nerve-mediated form of cardio-
genic shock without compensatory vasoconstriction. Large
blast impulses can cause hemopneumothoraces, traumatic
emphysema, and arterial air embolism. Other gas-containing
organs such as middle ear and bowel may be affected.
Injuries are caused by high pressure with the potential for
hemorrhage and rupture.

Circulation
The state of the circulation following thoracic trauma is eval-
uated by assessing the patient’s pulses (radial, carotid, or
femoral), blood pressure (BP), and peripheral circulation.
In hypovolemic shock, the radial pulse is diminished and
may become absent when systolic blood pressure (SBP) is
below 70 mmHg.

With thoracic trauma, it is important to assess the neck
veins, which are flat in isolated hypovolemia and distended
in the setting of cardiac tamponade and or tension pneu-
mothorax. Distension of the neck veins, however, may be
less pronounced when cardiac tamponade or tension pneu-
mothorax is associated with hypovolemic shock, and they
will be completely flat in the setting of cardiac arrest. An
electrocardiogram (ECG) and pulse oximeter should be
applied early and will aid in the diagnosis of dysrhythmia.
In the setting of pulseless electric activity (PEA) ultrasound
is invaluable. Focused abdominal sonography for trauma
(FAST) is a rapid tool used by physicians to assess for
blood in the pericardial sac or in the abdomen. PEA may
be present in many situations following trauma including
cardiac tamponade, tension pneumothorax, profound hypo-
volemia, hypothermia, hypoxia, acidosis, or drug overdose.
FAST can immediately diagnose tamponade and abdominal
hemorrhage. If FAST is inconclusive, a more formal trans-
thoracic echo (TTE) exam may be necessary. When esopha-
geal injury is ruled out or unlikely, a TEE is extremely
useful for diagnosis of these aforementioned conditions,
and for ongoing monitoring during surgical procedures.

The treatment of hemorrhagic shock associated with
cardiothoracic trauma necessitates rapid administration of
crystalloid and blood using efficient fluid warmers to mini-
mize the risk of iatrogenic hypothermia. Rapid infusion of
blood or crystalloid before definitive treatment of thoracic
vascular injuries, may, however, increase BP to a point
where a protective clot is dislodged and exsanguination
occurs. Thus, in the absence of head injury, the principles
of allowing moderate hypotension (SBP �90 mmHg) may
apply to acute thoracic great vessel injuries (32). The follow-
ing life-threatening cardiovascular injuries must be ident-
ified and treated.

Cardiac Tamponade and Penetrating
Cardiac Injury
Penetrating injury to the precordium (Fig. 7) is associated
with a high mortality. Patients with direct gunshot wounds
to the heart almost always die immediately as a result of
rapid blood loss. However, low-velocity stab wounds are
usually survivable if the instrument of wounding is small
and misses vital cardiac structures such as valves and coron-
ary arteries. Eighty to ninety percent of the patients with stab
wound to the heart present with tamponade (33).

The severity of cardiac tamponade is determined by
the size of the pericardial tear, the rate of bleeding from
the cardiac wound, and the chamber of the heart involved
(Fig. 8). The severity of the injury should not be determined
on the basis of the condition of the patient on admission
to the hospital or OR. There are moribund patients with
no BP and nonpalpable pulses who survive operation
and recover while there are also patients in fair condition,
with an SBP ranging from 70 mmHg to normal and good
pulses, who die before surgery. The immediate cause of
death following penetrating cardiac injury most commonly
results from exsanguination, cardiac tamponade, or interfer-
ence with the conducting mechanism of the heart.

Diagnosis generally is easy if the physician maintains
a high degree of suspicion of heart injury in every chest
wound encountered. History of chest trauma, physical
examination findings of Beck’s triad (distended neck
veins, hypotension, and muffled heart tones), or pulsus
paradoxus indicate the diagnosis of pericardial tamponade.

The neck veins may not be distended when cardiac tam-
ponade is accompanied by severe hypovolemia. A systolic-
to-diastolic gradient of less than 30 mmHg associated
with hypotension is consistent with cardiac tamponade.
How-ever, all three signs of Beck’s triad will be present in

Figure 7 The classic precordium (shaded area) is bounded by

the sternal notch superiorly, bottom of the anterior ribs inferiorly,

and the nipples laterally. The majority of stab wounds to the heart

(80%) enter through this zone, whereas the majority of gunshot

wounds (54%) strike the heart without entry in this zone. Source:

From Ref. 35.
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less than 30% of patients with cardiac tamponade secondary
to a penetrating heart injury.

TTE facilitates a more rapid diagnosis of hemopericar-
dium. It is noninvasive, rapid, and accurate, and is the initial
diagnostic method of choice for cardiac tamponade, even if
previously occult (100% sensitivity and 97.3% specificity)
(34). In the trauma resuscitation suite, FAST may be as effec-
tive as formal TTE provided it is performed by an experi-
enced sonographer.

Pericardiocentesis is no longer used to evaluate or
decompress tamponade in well-organized trauma centers,
but may still be useful for temporary release of tamponade
if personnel capable of performing thoracotomy are not

immediately available (Fig. 9) (35,36). Alternatively, a subxi-
phoid pericardial window (Fig. 10) may be used to diagnose
and relieve pressure of a tamponade either intraoperatively
or in situations where TTE is not available. However, once
tamponade is diagnosed and relieved by a subxiphoid
window or pericardiocentesis, a median sternotomy is
required to repair damaged and bleeding structures.
Accordingly, when the likelihood of tamponade is very
high and the patient is hemodynamically compromised, an
emergent thoracotomy should be considered.

When a thoracotomy is performed in emergent
conditions for resuscitation, phrenic nerve damage is more
likely to occur during opening the pericardium than under

Figure 8 Pathophysiology of cardiac tamponade. Stroke volume is reduced and cardiac output becomes rate dependent. There is

sympathetically mediated tachycardia and vasoconstriction. Source: From Ref. 33.

Figure 9 Algorithm for managing patients with penetrating cardiac trauma. Stable patients or those who can be stabilized easily by rapid

volume administration are investigated by echocardiography. Definitive treatment is surgical relief of tamponade and repair of cardiac

lacerations in the operating room. Source: From Ref. 33.
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controlled situations. The risk of this can be minimized by
incising the pericardium in a longitudinal direction. If the
phrenic nerve is injured, weaning and extubation can be
prolonged.

Immediate treatment of cardiac tamponade in
trauma consists of aggressive fluid replacement and open
surgical drainage.

The repair of many penetrating cardiac injuries can be
done without cardiopulmonary bypass (Fig. 11). Temporary
asystole can be induced with adenosine which allows the
surgeon time to accurately place the required number of
sutures in a semibloodless and motionless field to ade-
quately control hemorrhage (37). Rapid bolus of adenosine,
6 to 12 mg, IV results in acute inhibition of sinus node and
atrioventricular node function, sinus bradycardia, transient
atrioventricular block, and asystole. During the period of
asystole, the heart is rendered completely flaccid and more
amenable to manipulation, especially when dealing with
the lateral wall (38). Owing to adenosine’s ultrashort half-
life, asystole lasts for approximately 15 to 20 seconds with
prompt restoration of sinus rhythm afterwards. ECG moni-
toring, pacing backup, corrective measures for untoward
hemodynamic effects (e.g., phenylephrine), and defibrilla-
tion capabilities are required. Hypotension and bronchos-
pasm can occur after adenosine. Certain injuries will
require cardiopulmonary bypass (e.g., pulmonary artery
lacerations) and ventricular septal defect (VSD).

Delayed complications after repair of cardiac injuries
include VSD, aortic valve injury, conduction bundle
defects, atrial septal defect, and tricuspid valve injury (39).
A fraction of patients with precordial penetrating wounds
have a delayed presentation of occult injury. These occult
injuries often have a delayed diagnosis because of hemody-
namic and mental status stability without overt clinical signs
of cardiac tamponade. These occult injuries are potentially
disastrous, and delayed tamponade may occur at an inop-
portune time such as during transfer between emergency
department and the OR, or during surgery in the OR for
unrelated injuries. Use of TEE will expeditiously make the
diagnosis of an otherwise occult cardiac tamponade.

Blunt Cardiac Injury
BCI encompasses a spectrum of anatomic and histologic
patterns of tissue injury and can result in ventricular

dysfunction, cardiogenic shock, dysrhythmias, free wall or
septal wall rupture, valvular tears, and coronary artery
thrombosis (40–45). Injuries are usually caused by a direct
precordial blow (40). Damage occurs most frequently to the
right ventricle (RV) and the septum (41). The most
commonly reported complications following BCI are dys-
rhythmias and cardiac failure (42). Elevations in pulmonary
vascular resistance can precipitate RV failure (43). BCI can
simulate a frank myocardial infarction. ECG findings are
multiple, and include premature ventricular contractions,
atrial fibrillation, right bundle branch block, and ST
segment changes.

Abnormal ECG and increased cardiac enzymes have
been found to correlate with the development of clinically
significant cardiac complications such as ventricular
ectopy, supraventricular dysrhythmias, symptomatic brady-
cardia, hypotension, RV thrombus, tamponade, and conduc-
tion block. Cardiac troponin I was a marker of anatomic and
functional consequences after a controlled myocardial
contusion in a rabbit model of cardiac trauma (46). At the
far end of the spectrum of BCI are rupture at the cava-
atrial junction, left atrial appendage, or right ventricular
outflow tract (40). Secondary tamponade or exsanguination
can also occur. TEE can provide high-quality assessment in

Figure 10 The technique of subxiphoid pericardial window. An incision is made over the xiphoid which is exposed and removed.

The pericardium is exposed by dissection, grasped with clamps, and incised. Source: From Ref. 35.

Figure 11 Operative findings in a patient with penetrating

cardiac trauma. Note transverse tear of the right ventricle.
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patients with blunt chest trauma and is a useful tool in
detecting complications of BCI such as severe focal or
global ventricular dysfunction, pericardial effusion, and/or
valvular disruption.

Whether patients with BCI should have urgent
surgery delayed is controversial. In a prospective evaluation
of the prognostic and functional significance of BCI in mul-
tiply injured patients undergoing emergency surgery, 11 of
19 patients required perioperative cardiac inotropic
support and one patient needed an intra-aortic balloon
pump (47). As there were no deaths, these authors
concluded that emergency surgery in patients with BCI
can be safely performed while using hemodynamic monitor-
ing. It is prudent, however, to delay nonemergent surgery
for 48 hours to allow improvement of myocardial function.
If surgery cannot be delayed, inotropic agents and/or vaso-
pressors are often required to treat hypotension associated
with cardiac failure. Pulmonary contusion or increased
peak inspiratory pressure with conventional mechanical
ventilation may precipitate cardiac failure because of
increased RV afterload (48). Volume loading may be necess-
ary together with aggressive hemodynamic monitoring.
Efforts to decrease pulmonary vascular resistance should
be made. No particular anesthetic agent can be advocated
because of its electrophysiologic consequences in the
presence of BCI (48).

Patients with suspected BCI should be admitted to the
surgical intensive care unit (SICU) for observation with
cardiac monitoring. It has been suggested that patients
who sustain blunt chest trauma with a normal ECG,
normal BP, and no dysrhythmias on admission require no
further intervention for BCI, and echocardiography is not
useful as a screening test (49). However, fatal late cardiac
dysrhythmias have been reported after four to six days in
two patients with normal admission ECGs and absence of
cardiac arrhythmias during the first 24 hours of SICU
treatment (50). Postmortem analysis of the heart showed
severe interstitial edema, hemorrhages, infiltration of lym-
phocytes and neutrophils, and fresh myocardial necrosis
without coronary artery disease (50).

Echocardiography is the diagnostic method of
choice in patients with ECG abnormalities or unexplained
cardiovascular instability following blunt cardiac
trauma. Patients with ST segment changes, dysrhythmias,
or hypotension after chest trauma are at increased risk of
cardiac complications and should be monitored in an ICU for
at least 24 hours (49). The presence of BCI is probably associated
with an increased risk of perioperative morbidity and mortality
due to intraoperative arrhythmias and hypotension (48).

Myocardial rupture is nearly always fatal and
accounts for 15% of fatal thoracic injuries. The majority of
traumatic cardiac rupture cases result from MVCs. The
atria are most susceptible to rupture by sudden compression
in late systole when these chambers are distended with
venous blood and the atrioventricular valves are closed.
Cardiopulmonary bypass (CPB) is required in approxi-
mately 10% of successful repairs.

The Eastern Association for the Surgery of Trauma
(EAST) has published guidelines for the diagnosis of BCI
(51). An admission 12 lead ECG should be performed on
all patients in whom there is suspected BCI. If the admission
ECG is normal, the risk of having a BCI that requires
treatment is insignificant, and no further testing is indicated.
If the patient is hemodynamically unstable, a TTE should
be obtained. If an optimal TTE cannot be performed,
then the patient should have a TEE. Neither creatinine

phosphokinase with isoenzyme analysis nor measurement
of circulating cardiac troponin T are useful in predicting
which patients have or will have complications related
to BCI.

Emergency Thoracotomy
Resuscitative Thoracotomy
Acute or hypovolemic cardiac arrest and PEA caused by
penetrating cardiothoracic injury with previously witnessed
cardiac activity often require an immediate resuscitative
thoracotomy (32). Severe shock in the absence of tension
pneumothorax is an indication for urgent thoracotomy in
penetrating injuries of the chest (Table 7). Emergency depart-
ment thoracotomy may reveal injuries to the heart or major
thoracic vessels. These injuries require rapid control of
hemorrhage. Bleeding from the lung can be managed by
temporarily clamping or twisting the hilum (32).

Closed heart massage or external chest compression
can provide adequate cardiac output following a medical
arrest, but may be ineffective in a hypovolemic patient.
Internal heart massage may be required in this setting and
is achieved by resuscitative thoracotomy. In addition, resus-
citative thoracotomy may correct the causes of the cardiac
arrest by relief of tamponade or control of hemorrhage
with pressure or cross-clamping of great vessels.

Resuscitative thoracotomy is usually performed via a
left anterolateral approach. Emergency department thoracot-
omy for patients sustaining penetrating cardiac injuries has a
mortality rate of 84%, whereas those performed in the OR
have a significantly lower mortality (30%) (52). Anesthesia
may not be needed initially, but should start as early as poss-
ible with analgesia (e.g., fentanyl) and amnesia (scopolamine
or midazolam) once the patient’s vital signs are restored.
Muscle relaxation is maintained throughout. Nitrous oxide
should be avoided. Restoration of intravascular volume
with infusion of warmed crystalloid should be administered

Table 7 Indications for Thoracotomy After Trauma

Acute indication Sub-acute indications

Cardiac tamponade Traumatic diaphragmatic hernia

Acute deterioration or

cardiac arrest in the

trauma center

Cardiac septal or valvular lesion

Penetrating truncal trauma Nonevacuated clotted

hemothorax

Vascular injury at the

thoracic outlet

Chronic thoracic aortic

pseudoaneurysm

Loss of chest wall substance Posttraumatic empyema

Massive air leak from chest

tube

Lung abscess

Tracheobronchial tear Tracheoesophageal fistula

Great vessel laceration Missed tracheal or bronchial tear

Mediastinal traverse of a

penetrating object

Innominate artery/tracheal

fistula

Missile embolism to the

heart or PA

Traumatic arterial venous fistula

Placement of inferior vena

caval shunt for hepatic

vascular injury

Abbreviation: PA, pulmonary artery.

Source: From Ref. 10.
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as clinically indicated (“fluid and blood”). Hypothermia is
usually present and should be corrected as early as possible.

Damage Control Thoracotomy
Patients with thoracic vascular injuries may require damage
control management in order to survive. The high mortality
rates reported for lobectomy and pneumonectomy when per-
formed for management of traumatic lung injuries has pro-
vided the impetus for using quicker and less extensive
techniques. Pulmonary tractotomy and repair is an abbre-
viated method often employed in the patient with trauma to
the lung (53). Damage control measures, such as an

abbreviated thoracotomy to restore survivable physiology
during a single operation, are occasionally necessary in
acidotic, hypothermic, and coagulopathic patients.
Alternatively, definitive repair using a simpler operation
than originally planned may be employed. For example,
hilar vascular injuries can be quickly controlled by pneumo-
nectomy or lobectomy using stapling devices (32). Tempor-
arily ligating vessels or placing intravascular shunts can
control hemorrhage until acidosis, hypothermia, and bleeding
diathesis are corrected. Towel clips can be used to rapidly end
an operation, although closure of the thoracotomy incision is
more hemostatic. A “Bogota bag” or other type of temporary
closure can be used to close a thoracic incision.

Aortic Injury
Thoracic great vessel injuries account for 8% to 9% of vascu-
lar injuries seen in trauma centers. From 80% to 90% of
patients with traumatic rupture of the aorta die within a
few minutes of their injuries. The mechanisms associated
with traumatic aortic injury (TAI) involve sudden and
violent deceleration. Risk factors for TAI include high-
speed MVCs, involving frontal and side impacts or occupant
ejection, and motorcycle crashes (54,55). Other common
mechanisms of injury include auto-pedestrian collisions,
falls, and crush injuries, among others (54). Because of the
enormous transfer of energy, as many as a third of patients
with these injuries expire at the scene. Of those who
survive for one hour, 90% die within 10 weeks if the lesion
is not diagnosed and treated (56).

Aortic injuries are easily missed because those that
make it to the hospital alive often present with minimal
external physical findings. Indeed, less than half of patients
with TAIs have initially visible signs of chest wall trauma
(57–59).

Suggestive radiological signs evident on the CXR
include: a widening of the mediastinum (Fig. 12), right
tracheal shift, elevation and rightward shift of the right
bronchus, depression of the left bronchus, blurring of the
aortic knob outline, deviation of the esophagus or nasogas-
tric tube to the right, and other radiographic evidence of
significant kinetic energy transmission such as multiple rib
fractures, first and second rib fractures, scapular fractures,
and thoracic spine fractures. A widened mediastinum
occurs in 85% of cases with aortic injury. However, only
10% to 15% of patients with mediastinal widening will
have aortic injury. Diagnostic tools include aortic arterio-
gram (Fig. 13), CT scan (Figs. 14 and 15), MRI, and TEE.

Conventional chest CT shows pathological changes in
great vessels as well as other thoracic viscera. In addition,
the helical CTcan provide three-dimensional reconstructions
of great vessel injuries (Fig. 14) (60–64). Thoracic CT with
contrast has emerged as the initial test of choice to diag-
nose aortic injury in the setting of an abnormal mediastinum

noted on CXR.

Historically, aortography was the dominant modality
for evaluating blunt TAI. Over the past decade, however,
thoracic CT has been increasingly used. By 2001, CT was
the preliminary screening tool in 50% of patients with TAI
(61). One of the benefits of thoracic CT is the provision of
important information about surrounding structures and
its ability to evaluate the branch vessels (62).

Although this continues to be a rapidly changing field,
CT technology has now evolved to become the dominant
imaging modality for providing definitive diagnosis of
blunt TAI. Aortography should still be used where new-
generation CT is not available, and in the further evaluation
of aortic branch vessel injuries that are ambiguously visual-
ized on thoracic CT.

TEE can also be used in the early diagnosis of aortic
injuries (aortic wall hematoma, intimal flap, and disruption)
and is useful in the setting of critically ill trauma victims

Figure 13 Angiogram of the patient in Figure 12. There is

extravasation of contrast material distal to the left subclavian

artery, chacteristic of a traumatic tear of the descending thoracic

aorta

Figure 12 Widened mediastinum. Chest radiograph after blunt

trauma showing a widened mediastinum reflecting a traumatic

aortic laceration.
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because it can be performed in the OR, SICU, or the Trauma
Resuscitation Unit (Table 8) (65,66). In patients with severe
blunt chest trauma, omniplane TEE and contrast-enhanced
helical CT have similar diagnostic efficacy for the identifi-
cation of TAI (67). TEE also allows the diagnosis of associ-
ated cardiac injuries and in one study was found to be
more sensitive than CT for the diagnosis of intimal or
medial lesions of the thoracic aorta (67).

However, the arch pattern of the aorta is poorly visual-
ized by TEE. Thus, the extent of the lesion is often unknown if
evaluated by TEE alone. Furthermore, the presence of pneu-
momediastinum can confound the detection of aortic injury
by TEE. Blunt aortic injuries of the proximal aorta (ascending
and transverse aortic arch) and the branch vessels are poorly
visualized by TEE (68). Further still, CT technology has
improved vastly in the five years since the Vignon study
(67). The other advantage of CT over the competing diagnos-
tic modalities is related to the information obtained on the
surrounding organs apart from the aorta.

TEE should be considered as supplementary to
helical CT as an initial diagnostic aide for TAI.

In summary, TEE is a valuable tool for diagnosing
blunt TAI, but is not used as first-line evaluation of such
patients because: (1) there is a lack of randomized trials
(69), (2) TEE misses significant injuries in the arch and
branch vessels, (3) TEE requires an experienced operator to
identify lesions, and (4) TEE is only safely conducted in
already intubated acute trauma patients (without esopha-
geal injury) (69).

Surgical repair of the TAIs can be done with or without
CPB, depending on the extent of the damage and the
location of the tear. However, ascending aortic tears may
also require replacement of the aortic valve and reimplanta-
tion of coronary arteries (e.g., Bentall procedure). A period of
deep hypothermic circulatory arrest may be required.

One-lung ventilation (1LV) is needed for repair of des-
cending thoracic aortic tears. 1LV facilitates surgical
exposure in the left thoracotomy incision, but may not be
well tolerated in the presence of pulmonary contusion
(especially when the right lung is significantly involved). It
may be difficult to insert a double-lumen ETT in these
patients, especially when the cervical spine is not cleared.

Figure 14 Three-dimensional reconstructions of chest computed

tomography in a 60-year-old male with chronic traumatic aneur-

ysm of the thoracic aorta. He underwent resection and Dacron graft

interposition replacement via left thoracotomy with a clamp-and-

go technique. Source: From Ref. 60.

Figure 15 Computed tomography reconstruction of the thoracic

aorta in a patint with an aortic pseudoaneurysm diagnosed six

weeks after blunt thoracic trauma..

Table 8 Advantages and Disadvantages of Transesophageal

Echo vs. Other Diagnostic Modalities in Cardiothoracic Trauma

Advantages Disadvantages

Portability

Ease of performance

Ease of follow-up

examinations

No perceptible delay in

primary or secondary

survey

Excellent imaging of

descending thoracic aorta,

cardiac function, and

intracardiac lesions

Requires experienced specialist

(operator-dependent)

Contraindicated in esophageal

pathology

Potential to exacerbate unstable

cervical spine injuries

Potential airway problems if

not tracheally intubated

Unable to visualize portions of

the ascending aorta, aortic

arch, and brachiocephalic

branches due to the tracheal

air column

Decreased diagnostic ability if

pneumomediastinum

Source: From Ref. 68.
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The Arndt endobronchial blocker can be used for 1LV
in patients already intubated with a single-lumen ETT. With
this set, an endobronchial blocker catheter with guide loop is
inserted through a standard tracheal tube using a multiport
airway adaptor and pediatric bronchoscope (discussed
further in the section on providing 1LV). At the end of
surgery, the endobronchial blocker is simply removed. The
most common intraoperative problem in 333 patients with
acute blunt thoracic trauma was elevated airway pressures
(70); 74% of these patients required postoperative mechan-
ical ventilation. Emergency thoracotomy or sternotomy indi-
cated a poor prognosis with a mortality rate of 80% (70).

Major considerations for thoracic aortic surgery
include the potential for massive blood loss, hemodynamic
alterations induced by aortic cross-clamping, spinal cord
and visceral ischemia during cross clamp, hypothermia,
and coagulopathy. Major complications after aortic repair
include respiratory failure, pneumonia, renal failure,
suture line failure, and paraplegia.

Spinal cord ischemia remains unpredictable and a
major cause of morbidity after repair of descending aortic
tears (71). No intervention has yet been proven to reduce
the incidence of neurologic deficits after aortic repair, and
the hypothesis that decreasing cerebrospinal fluid (CSF)
pressures with the use of intrathecal catheters will prevent
postoperative neurologic deficit has yet to be adequately
studied in humans. Use of nitroprusside to control proximal
aortic pressure during crossclamp may result in lower distal
aortic pressures, higher CSF pressures, lower spinal cord
perfusion pressures, and an increased incidence of post-
operative paraplegia (72). Risk factors for developing
paraplegia after aortic surgery include duration of aortic
cross-clamping, intraoperative hypotension, and surgical
technique. Distal perfusion techniques such as left
atrial–femoral artery partial bypass using a centrifugal
pump without an oxygenator attenuate proximal hyperten-
sion, provide blood flow to the lower body, prevent meta-
bolic acidosis and hypotension after unclamping, and may
possibly decrease the incidence of renal failure and paraple-
gia (73). However, limiting the thoracic aortic cross-clamp
time to �30 minutes is crucial in determining the frequency
of postoperative spinal cord injury after descending thoracic
aortic surgery (74). A period of hypothermic circulatory
arrest may be required if arch vessels are involved. EEG
monitoring may be helpful in this regard.

If prompt repair of the thoracic tear is not possible
because of other injuries or comorbidities, beta blockers
(e.g., esmolol) are given and titrated to BP and heart rate
(HR). Nonoperative management or endovascular repair of
blunt TAI should be considered in patients with severe
traumatic brain injury (TBI), significant right-side pulmon-
ary contusion, major burns, sepsis, heavily contaminated
wounds, hemodynamic instability, poor physiologic reserves,
hypothermia, and coagulopathy because such patients are
unlikely to benefit from an immediate repair (Fig. 15) (32).
The influence of TBI, cardiac risk factors such as hemody-
namic instability (SBP ,90 mmHg), and preoperative ALI
was analyzed retrospectively in 136 patients (75). Operative
mortality was higher in unstable patients. Moreover,
preoperative instability was a major predictor of postopera-
tive paralysis with the risk being increased 5.5 times. As
well, these authors found that preoperative ALI was
associated with a marked increase in postoperative ARDS.
It was concluded that patients with cardiac or pulmonary
risk factors may be better managed by a period of non-
operative stabilization until their condition improves (75).

Endovascular stent grafting continues to be an option,
although long-term results using this technique are not yet
available (76).

Diaphragmatic Trauma
With the rise in motor vehicle accidents and improvements
in diagnostic modalities, injuries of the diaphragm are
becoming increasingly recognized (77). The incidence of
diaphragmatic injury is approximately 1% to 6% of multiple
trauma patients. These injuries result from direct penetration
of the diaphragm or from blunt force to the chest or
abdomen leading to diaphragmatic rupture.

The right hemidiaphragm is protected by the liver,
whereas the left hemidiaphragm has little support from adja-
cent structures and is more susceptible to rupture. During the
acute phase of trauma, these injuries are usually oversha-
dowed by liver, spleen, and bowel injuries, and are only
incidentally discovered during exploratory laparotomy.
Many patients have multiple associated injuries such as
head trauma, hemopneumothorax, lung contusion, and
pelvic and long bone fractures. Diaphragmatic injury is sus-
pected in any penetrating thoracic wound (gunshot, stab, or
accidental perforation) at or below the 4th intercostal space
anteriorly, 6th interspace laterally, or 8th interspace poster-
iorly (Fig. 16), although sharply oblique wounds or missiles
deflected by ribs may also penetrate the diaphragm. The
stomach and other abdominal viscera may herniate into the
left thorax, collapsing the left lung, compressing the right
lung, and shifting the mediastinum and trachea to the
right. If the hernia becomes strangulated, then ischemia,
necrosis, and sepsis may develop.

Occasionally, herniation may begin long after the
initial injury, and then rapidly enlarge within days or
weeks (78). Increased intra-abdominal pressure during the
second and third trimesters of pregnancy and during labor
may also predispose to herniation and strangulation
(Figs. 17 and 18) (79). Cardiac complications occur because
of compression of the heart by the herniated organs or
herniation of organs into the perciardial sac (80,81). Rarely,
perforation of herniated organs may lead to pneumothorax
and pneumomediastinum (82).

Symptoms are related to the quantity of herniated
viscera in the thorax. Clinical manifestations may include
dyspnea, chest or shoulder pain, cyanosis, and left upper
quadrant tenderness. If the stomach is herniated into the

Figure 16 The shaded thoracoabdominal area that contains the

diaphragm throughout its excursion extends superiorly to the

nipple level anteriorly, and to the scapular tips posteriorly. The

inferior border is the costal margin. Penetrating wounds to this area

are considered to have caused a diaphragmatic injury until proven

otherwise. Source: From Ref. 77.
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thorax, dyspnea may be relieved dramatically by introduc-
tion of a nasogastric tube. The diagnosis is often missed
because of associated intraabdominal injuries. The diagnosis
is suspected on CXR that may demonstrate atelectasis with
elevation of the ipsilateral diaphragm, evidence of a viscus
in the thorax, or an abnormal curvilinear shadow above
the diaphragm. A contrast stomach radiograph may visual-
ize the stomach herniated into thorax. Ultrasound, CT scan,
or laparoscopy may confirm the diagnosis.

The most common error in diaphragmatic trauma
is failure to suspect the possibility of diaphragmatic
injury. Surgical repair by an abdominal approach may
be necessary to prevent incarceration and strangulation of
herniated abdominal contents and to prevent respiratory
compromise. Selected right-sided diaphragmatic lacerations
may be managed nonoperatively (83). The decision to repair
an isolated diaphragmatic rupture in an acutely injured
patient should depend on how the patient tolerates the

loss of normal, negative intrathoracic pressure. Gross signs
of cardiorespiratory distress or shock are indications for
immediate repair. Chronic diaphragmatic lacerations are
best treated by a thoracic approach (84). Pulmonary aspira-
tion is a major risk in the presence of intrathoracic herniation
of abdominal contents. Endotracheal intubation and positive
pressure ventilation will relieve respiratory distress and
protect the airway. A nasogastric or orogastric tube will
decompress the stomach and minimize the risk of postopera-
tive aspiration. Any patient with abdominal viscera occupy-
ing a large portion of the chest must be considered at risk for
regurgitation, aspiration, hypoxemia, and hemodynamic
compromise. Tracheal intubation difficulties may also be
encountered because of mediastinal shift and deviation of
the trachea.

Video-Assisted Thoracoscopic Surgery
Patients undergoing video-assisted thoracoscopic surgery
(VATS) experience less pain and less impairment in pulmon-
ary function compared with thoracotomy. The use of VATS is
therefore expanding in stable trauma patients for the diagno-
sis and treatment of continued chest tube bleeding, retained
hemothorax, post-traumatic empyema, suspected diaphrag-
matic injuries, persistent air leaks, and mediastinal injuries
(85). Contraindications to VATS include hemodynamic
instability, injuries to the heart and great vessels, inability
to tolerate 1LV, prior thoracotomy, coagulopathy, and indi-
cations for emergent thoracotomy or sternotomy. In several
small case series, conversion to thoracotomy was necessary
in 10 of 99 patients (85).

Anesthetic management of VATS requires the use
of 1LV which is usually achieved with a left-sided double-
lumen endotracheal tube. Left-sided double-lumen endo-
tracheal tubes (DLTs) are preferred to right-sided tubes
because of ease of placement and stability in the lateral decu-
bitus position (see also section on DLTs, blockers). Alterna-
tively, a right-sided DLT or bronchial blocker technique can
be used. Proper tube placement is confirmed with ausculta-
tion and visualization using an FOB. It is prudent to recon-
firm proper position of the DLT with FOB after the patient
is positioned in the lateral decubitus position, as these
tubes may be dislodged during patient positioning.

Other Chest Trauma
Traumatic Asphyxia
Traumatic asphyxia is a rare syndrome resulting from a
severe crush injury to the thoracic wall by a very heavy
object (22). The crush injury produces a marked elevation
in thoracic and superior vena caval pressure. Concurrent
closure of the glottis further promotes a significant increase
in venous pressure, resulting in the reversal of venous flow
in the valveless veins, and capillary rupture of the head
and neck. The craniocervical cyanosis, facial edema, pete-
chiae, and subconjunctival hemorrhage consist of the strik-
ingly moribund appearance of the syndrome. Loss of
consciousness, seizures, confusion, temporary or permanent
blindness, hematuria, hemotympanum, epistaxis, and cer-
ebral edema may also be seen in patients with traumatic
asphyxia. Associated chest wall and intrathoracic injuries
are common.

The early diagnosis of traumatic asphyxia is essential
and is not difficult. Long-term results of treatment are excel-
lent. Treatment includes supportive care in ICU with airway
and ventilation maintenance, oxygen supplementation, and

Figure 17 Computed tomography of the chest at the T7-T8 level

in a 19-year-old term parturient in active labor with an undiag-

nosed traumatic diaphragmatic hernia. She had sustained a stab

wound to the left chest three years ago and now had left upper

quadrant pain, dyspnea, tachypnea, and tachycardia. Breath sounds

were absent on the left side, and the trachea was deviated to the

right. There is a bilobed mass, representing a fluid-filled loop of

bowel, and mesenteric fat where the left lung should be.

Figure 18 Computed tomography of the chest at the T4 level of

the patient in Figure 17 showing a collapsed left lung and numer-

ous air bronchograms adjacent to the chest tube.
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308 elevation of the head of the bed. Operative treatment
may be required for associated injuries.

Esophageal Rupture
In blunt trauma patients, rupture of the esophagus is rare.
More frequent is the perforation of the esophagus after pene-
trating trauma. Esophageal trauma is lethal if unrecog-
nized because it will lead to mediastinitis and bacterial
necrosis due to contamination of the mediastinal space by

esophageal contents. The patients complain of excruciat-
ing pain in the epigastrium, which radiates to the chest and/
or back. Dyspnea, cyanosis, and shock soon set in and dom-
inate the clinical picture. Emphysema and pneumothorax or
hydropneumothorax develop, especially in the left chest,
and become visible radiologically.

Esophagogram may be performed when the patient is
stable. Esophagoscopic visualization of localized blood in
the esophagus or an actual laceration is diagnostic. Opera-
tion is advocated when the patient is unstable and when
multiple major injuries are present.

The principles in the management of major esophageal
injuries are those of early operation, using lung-separation
techniques described below, surgical debridement and repair
when possible, and wide drainage. Extensive tissue destruc-
tion or associated major mediastinal contamination occurs
when repair is delayed by more than 12 to 16 hours, and are
indications to consider esophagectomy with delayed recon-
struction or esophageal exclusion and diversion. A more
complete review of the pathophysiology, evaluation, and treat-
ment of esophageal injury is provided in Volume 2, Chapter 25.

An additional note of caution regarding iatrogenic eso-
phageal rupture is warranted. Esophageal rupture can occur
during insertion of the TEE probe (see Volume 2, Chapter 21).
Nine cases of esophageal perforation have been reported
after TEE (86). Esophageal perforation has also been
associated with the use of the Combitube (87) and intubating
laryngeal mask (88). Other possible causes of esophageal
trauma are nasogastric tube, and failure to release cricoid
pressure in the presence of active vomiting during RSI.

Rib, Sternum, and Scapular Fractures
Rib fractures are the most common chest injuries and are
identified in 10% of patients after trauma (89). The overall
incidence is probably higher because not all rib fractures
are seen on CXR or thoracic CT (89). Rib fractures contribute
significantly to the morbidity and mortality associated with
chest injuries. The elderly and patients with poor respiratory
reserve are particularly vulnerable (89–92). Fractured ribs
cause severe pain, which can be more debilitating and
harmful than the injury itself.

Significant rib fracture and muscular disruption
caused by penetrating wounds or blunt chest trauma can
seriously impair respiration by ineffective or paradoxical
motion of a portion of the thoracic cage (as in flail chest).
Severe pain associated with rib fractures causes the patient
to avoid taking deep effective breaths.

With severe thoracic trauma, fractures of numerous
ribs are likely. However, fractures usually occur at the
point of impact, often laterally. Such fractures are hard to
see on plain radiographs. Crushing injuries produce mul-
tiple fractures, the sites being dependent on the direction
of the compressing forces. Lower rib fractures are associ-
ated with injuries to the spleen and liver. For example,
impacting the anterior chest on a steering wheel during an
MVC often fractures the sternum and several ribs anteriorly

on both sides. Besides rib fractures, costovertebral dislo-
cation may occur at any level (e.g., costochondral and chon-
drosternal separation). Fractures may be transverse or
oblique and the fragments can override. Occasionally a
pointed fragment can be pushed inward, tearing the
pleura and underlying lung, and causing a pneumothorax.
In the elderly patient with atrophic, decalcified ribs, frac-
tures can result from low-energy trauma events including
minor falls or even aggressive coughing (89,92).

Multiple rib fractures lead to pain, splinting, atelecta-
sis, and respiratory failure. Fractures of the rib or sternum
or costovertebral separations are diagnosed clinically from
chest tenderness, movement of fragments, ecchymosis, and
crepitus, as well as by radiographic examination. As pain
characteristically occurs with inspiration, the patient tends
to splint the chest wall and therefore hypoventilates. Pain
limits one’s ability to cough and breathe deeply, resulting
in sputum retention, atelectasis, and a reduction in FRC.
These factors in turn result in decreased lung compliance,
V̇/Q̇ mismatch, and hypoxemia. Failure to control pain,
compounded by the presence of pulmonary contusion, flail
segment, and other insults, can result in serious respiratory
complications, including respiratory failure and subsequent
pneumonias (92,93).

A CXR should be performed, not only to identify
the number and the extent of rib fractures, but also to
determine whether there is an associated pneumothorax,
hemothorax, or pleural effusion. Adequate analgesia and
physical therapy are essential in order to avoid compli-
cations. However, the pain associated with fractures
can prevent proper ventilation and coughing, leading to
atelectasis, retained secretions and pneumonia, especially
in the elderly. Damage to the underlying lung may cause
hemothorax, pneumothorax, or pulmonary contusion.
Multiple rib fractures may produce paradoxical movement
of the chest wall, with a flail segment.

Pain from a rib fracture can be treated by intercostal or
paravertebral block; this promptly relieves the pain and
quiets the labored respiration which may be accentuating
paradoxical motion of the chest. The major problem with a
block is increased reflex bronchial secretions; these must be
removed if patients are to avoid an obstructive type of pneu-
monia which is particularly dangerous in the elderly. Elderly
patients with multiple rib fractures and cardiopulmonary
disease are at increased risk for complications that lead to
prolonged length of hospitalization and readmission to the
hospital and SICU (89,92,94).

Epidural analgesia provides excellent pain
relief for patients with multiple rib fractures and helps

facilitate an effective cough. If coughing is inadequate,
tracheal aspiration by catheter or by bronchoscopy and
occasionally via tracheal intubation may be necessary. The
ribs usually become fairly stable within 10 days to 2
weeks. Firm healing with callus formation is seen after
about six weeks.

ANESTHETIC CONSIDERATIONS FORCARDIOTHORACICTRAUMA
Preoperative Evaluation
Frequent associated injuries in patients sustaining blunt
thoracic trauma include head and facial injuries, unstable
cervical spine, abdominal injuries, and various orthopedic
injuries (Tables 1 and 2). Hypovolemia is common and
hemorrhagic and other forms of shock may be present.
Physical examination should include an assessment of vital
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signs, examination of the heart and lungs, assessment of the
airway, and brief neurological exam including Glasgow
Coma Scale (GCS) and pupillary exam (Volume 1, Chapters 4
and 23) (95).

All laboratory and imaging should be reviewed with
particular emphasis on hemoglobin, hematocrit, electrolytes,
ABGs, prothrombin time, INR, CXR, ECG, and other diagnos-
tic tests such as CT (head, abdomen, and spine), C-spine
radiographs, pelvic X ray, and echocardiography (96). For
emergency cases, however, none of these may be available.
Prior interventions during the prehospital, emergency depart-
ment, and other phases of resuscitation should be noted
including the primary and secondary trauma surveys.

Specific Anesthetic Agents
The use of specific agents for induction and maintenance of
anesthesia and neuromuscular blockade is less important
than applying appropriate physiological and pharmacologi-
cal principles to the patient.

Nitrous oxide is generally avoided in cardiothoracic
injury because of the risk of expanding air-filled spaces.
Amnesia is the primary goal in unstable patients (e.g., midazo-
lam, 1 to 2 mg increments, or scopolamine, 0.4 mg), with
anesthetics and analgesics added as tolerated. Preoxygenation
is mandatory before induction because many cardiothoracic
trauma patients will have respiratory distress and pre-existing
hypoxia. Depressed cardiac output from cardiac injuries will
also decrease the capacity for oxygen loading (97).

Induction Agents
Both propofol and thiopental may produce hypotension due
to direct myocardial depression and vasodilation, and
should be avoided, or administered in reduced doses to
unstable thoracic trauma patients (Volume 1, Chapter 19)
(98). Etomidate is devoid of any significant cardiac
depressant effects, and has minimal effects on the circula-
tion and BP. Etomidate is the preferred induction agent

for patients with compromised circulatory states. In the
authors’ practice, it is the induction agent of choice in
hemodynamically compromised patients with cardiothor-
acic trauma. Ketamine is theoretically useful for inducing
anesthesia in patients with cardiac tamponade because it
produces sympathetic nervous system stimulation [increas-
ing HR, BP, and cardiac output (Q̇)]. However, in maximal
stress states (i.e., prolonged severe cardiac tamponade),
the sympathomimetic effect of ketamine does not occur.
Rather, the direct myocardial depressant effect occurs
unabated, resulting in worsening of the hypotension.

Maintenance of Anesthesia
Anesthesia can be maintained with inhalational agents or IV
drugs such as propofol with opioid supplementation.
Nitrous oxide is avoided because of the risk of closed-
space gas accumulation and expansion of a pneumothorax.
All volatile agents produce dose-dependent decreases in
myocardial function. Isoflurane, desflurane, and sevoflurane
maintain cardiac output better than do enflurane or
halothane. Isoflurane, enflurane, and halothane all blunt cor-
onary autoregulation. Hypoxic pulmonary vasoconstriction
is impaired by the volatile agents in a concentration-
dependent fashion which can be clinically significant in
patients with respiratory problems requiring 1LV. All
inhalational agents are respiratory depressants. They also
result in dose-dependent decreases in renal and hepatic
blood flow.

Low-dose isoflurane (0.4%) together with opioids such
as fentanyl are generally well tolerated in most instances
following shock resuscitation (98). Hemodynamic instability
during low-dose isoflurane-fentanyl anesthesia is generally
the result of other causes (Table 9) rather than anesthetic
agents (99).

Neuromuscular Relaxants
Neuromuscular blocking drugs are used to facilitate tracheal
intubation and provide surgical relaxation (see Volume 2,
Chapter 6). Profound blockade may be required during
placement and manipulation of DLTs and bronchial blockers
due to the close proximity to the carina.

Fluids and Blood
The major goals in cardiothoracic trauma resuscitation

are repletion of intravascular volume, normalization of
tissue oxygen delivery, and control of bleeding.
Cardiothoracic trauma patients often present with shock
due to hemorrhage, but may also have other causes of
shock such as tension pneumothorax, pericardial tampo-
nade, and cardiac injuries. Although the principles of
ATLS are adhered to, the use of large quantities of fluids
for immediate resuscitation of victims of penetrating thor-
acic trauma before hemorrhage has been controlled by surgi-
cal means has been questioned (100). Disadvantages of
immediate fluid resuscitation include delayed transfer and
surgical intervention, secondary hemorrhage by disrupting
or decreasing resistance to flow around a partially formed
thrombus due to increasing BP, and dilution of clotting
factors. In a randomized, prospective trial of immediate
versus delayed fluid resuscitation in patients with penetrat-
ing trauma, there was increased mortality, length of stay, and
postoperative complication rate in the immediate versus the
delayed group (100). However, the study was limited to
isolated torso injuries, and the receiving trauma center
had a very rapid response time such that most patients
were in the OR within one hour of injury. Therefore,
results of this study may not be applicable to other
types of injuries such as blunt cardiothoracic trauma or
to patients in remote locations requiring long transport
times.

Decisions about transfusion should take into
account cardiovascular and pulmonary status, blood loss,

Table 9 Causes of Hemodynamic Instability and Persistent

Hypotension in Cardiothoracic Trauma

Undetected or underestimated blood loss

Pneumothorax

Hemothorax

Cardiac tamponade

Air embolism

Spinal cord injury

Acidosis

Hypothermia

Hypocalcemia

BCI with myocardial contusion and right ventricular dysfunction

Pre-existing medical disease (e.g., cardiomyopathy, valvular

heart disease)

Abbreviation: BCI, blunt cardiac injury.

Source: From Ref. 99.
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and hemoglobin concentration (see Volume 2, Chapter 59). A
hemoglobin level of 8.0 g/dl appears to be an appropriate
threshold for transfusion in trauma patients with no risk
for myocardial ischemia, cardiac injuries, or pulmonary con-
tusion, whereas a threshold of 10.0 g/dl can be justified in
patients with suspected cardiac ischemia. A higher goal
may be targeted if active hemorrhage is occurring during
operation (101). Frequent evaluation of hematocrit ABG
and coagulation factors are recommended to guide transfu-
sion of blood products. Systemic oxygen delivery (ḊO2) is
often used as a goal of fluid and blood resuscitation. Normo-
volemia is maintained. Goals of fluid and blood resuscitation
include maintenance of systemic oxygen delivery and
normovolemia. Manifestations of improved perfusion
and organ function after cardiothoracic trauma include
improved mental status, increased pulse pressure, decreased
HR, increased urine output, resolution of lactic acidosis and
base deficit, brisk capillary refill, resolution of gastric
intramucosal acidosis, and improvement in ḊO2, oxygen
consumption (V̇O2), and mixed venous Hb-O2 saturation
(102). Effective fluid warmers with high thermal clearances
are routinely employed to prevent iatrogenic hypothermia.

Intraoperative Problems
Intraoperative problems such as hypoxemia and hypoten-
sion are common in patients with cardiothoracic trauma
(Table 10). Utmost care and vigilance must be observed in
order to diagnose and treat life-threatening complications
resulting from cardiothoracic trauma.

Hypoxemia
Frequent causes of hypoxemia include accidental intuba-
tion of one main stem bronchus, hypoventilation, airway
obstruction, aspiration of foreign material into the
tracheobronchial tree, pulmonary edema, pulmonary embo-
lism (PE), bronchospasm, and hemopneumothorax. Hypox-
emia can also be caused by accidental administration of a
low FIO2 or from problems related to the anesthesia breath-
ing circuit. Increased V̇O2, low Q̇, and decreased oxygen
content can also produce hypoxemia.

Hypotension
Hemorrhage and hypovolemia are the most common causes
of hypotension following trauma, although other causes
such as tension pneumothorax, anaphylaxis, and neurogenic
shock from high spinal cord injury should be considered.
Cardiogenic shock may occur due to BCI, tamponade, air
embolism, valvular rupture, coronary ischemia, and infarc-
tion. BCI may result in subendocardial or subepicardial
hemorrhage, intramyocardial hemorrhage, or injury to a
branch of coronary artery. BCI often causes conduction dis-
turbances or arrhythmias and may result in right ventricular
dysfunction.

Tension pneumothorax can result from pulmonary
laceration, rupture of the trachea or a major bronchus, eso-
phageal rupture, or from inadequate sealing of an open
pneumothorax. Hypoxia, hyperresonance of the chest wall,
increased airway pressures, and diminished breath sounds
occur. If untreated, obstructive shock follows. Immediate
decompression is life-saving.

Table 10 Management of Common Intraoperative Complications in Cardiothoracic Trauma

Complication Diagnosis Treatment

Endobronchial intubation Difficult to ventilate, decreased or absent

breath sounds unilaterally

Withdraw tube to midtrachea

ETT blockage/kink Difficult to ventilate Pass 14 F or 18 F suction catheter; if still

blocked—replace tube

Tension pneumothorax Difficult to ventilate, decreased, or absent

breath sounds unilaterally with

hyperresonance, hypotension

Needle thoracotomy/chest drain

Increased pulmonary resistance (COPD,

asthma, bronchospasm)

Difficult to ventilate, wheezing Smaller tidal volume, more rapid inspi-

ration, increased expiratory time,

bronchodilators

Anesthesia breathing circuit malfunction

(inspiratory or expiratory valves, filters,

heat, and moisture exchanger)

Difficult to ventilate, lungs do not deflate Use Ambu bag or new circuit

Enlarged abdomen (morbid obesity,

ascites, term pregnancy)

Difficult to ventilate Reverse Trendelenberg position

Decreased venous return Hypotension Fluid bolus, treat other causes of hypo-

tension (e.g., spinal shock, anaphylaxis,

tension pneuomothorax, tamponade),

treat causes of increased airway

resistance

Myocardial depression (anesthetic drugs,

tamponade, cardiogenic shock)

Hypotension Fluid bolus, inotropes, decrease concen-

tration of anesthetic agent(s)

Hypothermia Hypotension, core temperature ,368C Warm the room, warm all IV fluids, forced

air warming

Cardiac arrhythmias from succinylcholine Hypotension, bradycardia, asystole,

massive hyperkalemia (ventricular

fibrillation)

Atropine for bradycardia or asystole; then

ACLSw; calcium for hyperkalemia; then

ACLS

Abbreviations: COPD, chronic obstructive pulmonary disease; ACLSw, Advanced Cardiac Life Supportw; ETT, endotracheal tube.
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High spinal cord lesions cause anatomic sympathec-
tomy. Other clues to support this diagnosis are bradycardia,
warm skin, bounding pulses, priapism, and neurologic
deficit. Treatment consists of fluids and vasopressors if
necessary (e.g., phenylephrine, dopamine). Atropine may
be necessary for bradycardia.

Hypothermia
The adverse effects of hypothermia include major coagu-
lation derangements, peripheral vasoconstriction, metabolic
acidosis, compensatory increased oxygen requirements
during rewarming, decreased cardiac output, and impaired
immune response (Volume 1, Chapter 40) (103,104). Hypo-
thermia slows enzymatic rates of clotting factors and
reduces platelet function. Hypothermia causes cardiac
arrhythmias, especially with temperatures below 308C.
Hypothermia also impairs citrate, lactate, and drug metab-
olism; increases blood viscosity; impairs red blood cell
deformability; increases intracellular potassium release;
and causes a leftward shift of the oxyhemoglobin dis-
sociation curve. Every effort should be made to avoid
hypothermia by increasing ambient temperature (.288C),
using forced air warmers, and warming all fluids and
blood transfusions to 378C (103,104). Evaporation from the
respiratory tract can be prevented by use of active airway
humidifiers or passive heat and moisture exchangers.

Multiple Surgical Teams
Cardiothoracic trauma patients may undergo multiple
operations by different surgical teams all at the same time
or in series. The anesthesiologist may have limited physical
access to the patient. Utmost care and vigilance must be
observed to avoid airway disconnection and other mechan-
ical problems during anesthesia. Definitive surgery may
need to be postponed until hypoxemia, hypothermia, coagu-
lopathy, and acidosis can be corrected. It is prudent for
the surgeon to obtain control of bleeding, apply a temporary
closure, and delay definitive repair until after the patient has
been stabilized and resuscitated (Volume 1, Chapter 21).

INDICATIONS FOR AND USE OF ONE-LUNG VENTILATION

The optimal technique for providing 1LV depends on the
indication for lung separation, patient factors, available
equipment, and skills and training of the anesthesiologist.
Indications and preferred methods for 1LV are shown in
Table 11. Although some have exclaimed: “There is no one
best method of providing 1LV any more than there is one
best anesthetic” (105), there are several techniques available
for lung separation, and they each have their niches (106).

Left-sided double-lumen endobronchial tubes (e.g.,
Mallinckrodt, St. Louis, Missouri, U.S.A., Fig. 19): This
tube design incorporates a bronchial and tracheal lumen
and two cuffs each with a self-sealing valve and pilot
balloon. A left-sided DLT is the authors’ first choice for pro-
viding 1LV of either the left or right lung because of the ease
of insertion and wide margin of safety in positioning these
tubes. Approximately 80% of left-sided DLTs can be correctly
positioned in the left main stem bronchus without the use of
an FOB. However, an FOB should always be used to verify
optimum position, and assist in correcting malpositions
(which can be lethal if uncorrected).

Using a properly positioned left-sided DLT, ventilation
of the right lung occurs via the transparent tracheal lumen;
ventilation of the left lung occurs via the blue bronchial
lumen. Left-sided DLTs allow for continuous access to the
operative lung for suctioning and for the administration of
CPAP to the nonventilated lung. It is easier to deflate the
nonventilated lung using DLTs compared with bronchial
blockers which have small orifices (Arndt bronchial
blocker) or no orifice (Fogarty catheter). Bronchial cuff press-
ures are lower with left-sided DLTs compared with bronchial
blockers and right-sided DLTs (105,106). With most DLTs,
2 mL of air are required to seal the bronchial cuff. The use
of minimal occluding volumes of air to inflate the tracheal
and bronchial cuffs is strongly recommended. The minimal
volume that provides lung isolation is different for each
case depending on patient anatomy and DLT size (107).
The use of preset volumes to inflate the bronchial cuff may
contribute to high cuff pressures and iatrogenic damage of
the tracheobronchial tree. DLTs range in size from 28
(small adults and large pediatrics) to 35 and 37 Fr (most
adult women), and 39 and 41 Fr (most adult men). Although,
smaller DLTs are generally easier to place and position
compared with larger DLTs, larger DLTs provide better
suctioning, ventilating, and sealing characteristics. It is
easier to maintain optimum position with a left-sided DLT

Table 11 Indications, Preferred Methods, and Alternative

Methods to Provide One-Lung Ventilation in Thoracic

Trauma Patients

Indication for 1 LV Preferred method Alternative(s)

Pulmonary

hemorrhage

Left DLT EBT, BB

Systemic air embolism Left DLT EBT, BB

Traumatic

aortic rupture

Left DLT,

univent

EBT, BB

Esophageal surgery Left DLT,

univent

EBT, BB

Thoracoscopy

(either side)

Left DLT Univent, BB,

right DLT, EBT

Pulmonary resection

(either side,

without

pneumonectomy)a

Left DLT,

univent

EBT, BB,

right DLT

Bronchial

surgery—left side

Right DLT EBT

Bronchial

surgery—right side

Left DLT EBT

Bronchopleural

fistula—left

main stem

Right DLT EBT

Bronchopleural

fistula—all others

Left DLT EBT, BB

Abscess,

purulent secretions

BB and/or

left DLT

EBT, univent

Difficult airway

anatomy

Left DLT,

univent,

BB, EBT

aIf left pneumonectomy, left DLT will need to be repositioned prior to

clamping the main stem bronchus.

Abbreviations: 1LV, one-lung ventilation; DLT, double-lumen endobron-

chial tube; EBT, single-lumen endobronchial tube; BB, bronchial blocker.

Source: From Ref. 105.
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compared with a right-sided DLT. With these tubes, right
upper lobe obstruction commonly occurs resulting in hypox-
emia. Right upper lobe obstruction occurs more commonly
with right-sided DLTs compared with left-sided DLTs. Posi-
tioning of the ventilating side slot in the distal bronchial
lumen for right upper lobe ventilation can be time consum-
ing. A 28 Fr DLT is available for pediatrics.

In patients requiring postoperative mechanical venti-
lation (e.g., descending thoracic aorta surgery), the DLT is
usually changed to a single-lumen tube. Alternatively, the
DLT can be withdrawn so that the bronchial cuff is in a mid-
tracheal position. The bronchial lumen is used as a single-
lumen endotracheal tube. This avoids the risk of tube
exchange in patients with potential reintubation difficulties
(e.g., cervical spine uncleared, laryngeal, or pharyngeal
edema). For short periods of mechanical ventilation,
increased airway resistance from the DLT is not a major
problem (105,108), although suctioning may be more diffi-
cult than with a standard single-lumen tube.

Univentw tube (torque control blocker, Fuji Systems,
Tokyo, Fig. 20A and B): This tube design consists of a
movable blocker shaft in a blocker lumen of the tracheal
tube. Tracheal intubation is done in the conventional
manner. 1LV is achieved by placing the blocker to either
the left or right lung as dictated by the clinical setting. An
FOB is used during all manipulations of the bronchial
blocker. With the tube rotation method, the Univent tube is
rotated 908 towards the desired side to be blocked. The
tube is firmly secured at the patient’s mouth. At this point,
the blocker shaft is pushed out of its pocket and manipulated
so that it lies beyond the tracheal bifurcation. The blocker
will usually follow the lateral wall of the trachea into the
target main stem bronchus.

With the blocker rotation method, a twisting motion
on the bronchial blocker tube itself is required to direct the
blocker into the target main stem bronchus. Five to six milli-
liters of air is usually required to block the bronchus.
Minimal occluding volumes should be used. CPAP can be
accomplished via the lumen of the bronchial shaft. The
blocked lung can be deflated by applying suction and aspir-
ating through the bronchial lumen.

The principal advantage of the Univent tube is that the
bronchial blocker can be retracted into its pocket for post-
operative mechanical ventilation, thus eliminating the need
to exchange the DLT for a standard single-lumen ETT
(106). This is particularly useful when the preoperative
prediction is that there will be large quantities of fluid admi-
nistered and/or facial and airway swelling post-op (106).

The internal diameters of the Univent range from 6.0
to 9.0 mm. The 6.0 mm I.D. Univent tube has a measured

Figure 20 The Univentw torque control blocker is an endotra-

cheal tube with a small channel within the anterior internal wall

portion housing an endobronchial blocker. During tracheal intu-

bation, the blocker is fully retracted. After intubation, the tube is

turned 908 toward the side to be blocked. A pediatric bronchoscope

(not shown) is inserted into the ETT lumen and the blocker shaft is

pushed into the target main stem bronchus. The blocker is fixed to

the ETT with the cap stopper and band. The lung may be collapsed

by having the surgeon gently squeeze air out of the lung before

inflating the cuff of the blocker. A total of 5 to 6 mL of air are

usually required to block the bronchus. Suction can be applied to

the blocker lumen to evacuate air, and continuous positive airway

pressure can be applied as well. Source: From Vitaid Ltd.,

Lewiston, New York, U.S.A.

Figure 19 Left DLT (Broncho-Cath, Mallinckrodt, St. Louis,

Missouri, U.S.A.). The bronchial cuff and corresponding pilot

balloon are blue in color, whereas the tracheal cuff and its pilot

balloon are transparent. An Opti-Port right-angle swivel airway

connector assembly and adaptor (not shown) are required to mate

the tube with ventilation equipment having standard 15 mm con-

nectors (e.g., anesthesia circuit, ventilator, Ambu bag). A left DLT

tube can be used for 1LV of either the left or the right lung. It

allows for continuous access to the bronchi of the nondependent

(operative) lung for suctioning and for CPAP if needed. It is easier

to deflate the nonventilated lung using a DLT compared with

bronchial blockers. Abbreviations: 1LV, one-lung ventilation;

CPAP, continuous positive airway pressure; DLT, double-lumen

endobronchial tube.
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circumference of 34 Fr; corresponding circumferences for the
7.5, 8.0, and 9.0 mm I.D are 36 Fr, 39 Fr, and 42 Fr, respect-
ively. Pediatric sizes have recently become available with
internal diameters of 3.5–4.5 mm and corresponding outer
diameters of 7.5–9.0 mm.

Arndt endobronchial blocker set (Cook Critical Care,
Bloomington, Indiana, U.S.A., Fig. 21): The set consists of
an endobronchial blocker and a multiport airway adaptor.
A standard ETT is required, size 8.0 internal diameter or
larger. The blocker has a guide loop assembly which fits
through the blocker lumen, exiting from the distal end to
form an adjustable guide loop which is used to couple
with a pediatric FOB (109). The FOB is used to position the
blocker. The main advantage of this set is the ability to
utilize a pre-existing ETT. As with the Univent, the bronchial
blocker is simply removed at the end of the case and a tube
change is not required. Limitations of this method are insuf-
ficient airway diameter to allow passage of the blocker and
FOB (rare) and decreased ability to suction the atelectatic
lung. Just as with the Univent tube, operative lung CPAP
can be applied, and suction can be applied to help more
rapidly deflate the operative lung.

Other: Single-lumen ETTs can be advanced into the right
or left main stem bronchi, with or without fiber-optic gui-
dance. This allows for 1LV but does not permit suctioning or
the application of CPAP to the atelectatic lung. A Fogarty cath-
eter can be used to achieve lung isolation or to isolate lobes or
segments. The Fogarty catheter requires FOB for positioning
and can be combined with a standard ETT or a DLT, but it
does not allow for suctioning or operative lung CPAP.

Complications
Difficult Intubation
Placement of DLTs may be difficult due to anatomical factors
that predispose to difficult intubation and because of the
large external diameter of DLTs (110). Rupture of the proxi-
mal tracheal cuff of the DLT can occur during intubation
because the thin-walled cuff is located 8 to 11 cm from the
tip of the tube where it can be easily torn on the maxillary
teeth while being placed during intubation.

Placement of DLTs in difficult intubation patients may
be facilitated using a combined technique with an FOB

placed through the bronchial lumen of the DLT along with
direct laryngoscopy to clear the upper airway. Others have
used the FOB along with the Wuscope (111). However, it
may be necessary to insert a smaller than desired DLT
using the Wuscope. For example, when using the large
adult blades, a left DLT size 35 and 37 Fr slid through
quite easily (also Univent 7.0, 7.5, and 8.0 mm I.D.),
whereas the left 39 Fr was extremely tight. When using the
adult blades, only the size 35 Fr or Univent 7.0 mm I.D.
could be easily inserted (111). Problems with inserting a
DLT of a smaller diameter include malpositioning and the
risk of bronchial cuff overinflation to achieve a satisfactory
seal. Alternatively, FOB intubation or specialized laryngo-
scopes may be used with the Univent tube, or an Arndt
endobronchial blocker may be inserted through a standard
tracheal tube (112).

Trauma to the Airway
Tracheal or bronchial rupture may occur. Overinflation of the
bronchial or tracheal cuffs can damage surrounding struc-
tures. Airway trauma risks are greater with increasing size
of the airway tube (105). Any adverse reaction associated
with the use of cuffed tracheal tubes may also be associated
with DLTs or bronchial blockers. Introduction of a bronchial
blocker without FOB guidance is not recommended because
of the very minimal risk of bronchial trauma and high risk of
improper positioning.

Malposition
Malposition can usually be easily diagnosed and avoided by
using FOB to confirm tube and/or blocker position. The

most frequent malposition after turning to the lateral decu-
bitus position is cephalad movement of the DLT (i.e., the
DLT moves out of the airway by 1 to 2 cm). Again, FOB
is invaluable to verify and adjust the DLT or blocker (106).

Hypoxemia
If time permits, the patient’s lungs are ventilated with 100%
oxygen for five minutes prior to instituting 1LV. CPAP, 5
to 10 cm H2O, to the non-ventilated lung is generally the most

effective method of improving hypoxia during 1LV. However,

Figure 21 The Arndt endobronchial blocker set consists of a blocker catheter with guide loop and a multiport airway adaptor. The

device facilitates 1LV in patients with pre-existing single-lumen ETT. After tracheal intubation with a standard ETT (size �8.0 mm), a

pediatric fiber-optic bronchoscope (not shown) is advanced via the bronchoscopy port and the blocker catheter is advanced through the

blocker port. The bronchoscope is advanced into and through the distal guide loop to couple the bronchoscope and endobronchial

blocker. The bronchoscope is advanced into the lung to be blocked and keeping the bronchoscope stable, the endobronchial blocker is

advanced to place the balloon within the right or left main stem bronchus. Abreviations: ETT, endotracheal tube. 1 LV, one-lung ventilation;

Source: From Cook Critical Care, Bloomington, Indiana, U.S.A.
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this may temporarily impair operative exposure. On
occasion, it may be necessary to administer PEEP, 5 cm
H2O, to the ventilated lung. 1LV is poorly tolerated in
patients with lung contusion, particularly contusion of the
ventilated lung. Urgent or semielective surgery requiring
1LV is preferably delayed in these patients until the
contusion begins to resolve. Herniation of the bronchial
cuff over the carina prevents ventilation of either lung.
The bronchial cuff should immediately be deflated and
the tube/blocker repositioned under FOB guidance. Other
causes of hypoxemia include bronchospasm, hemopneu-
mothorax, aspiration, and anesthesia machine problems
(e.g., inadequate FIO2, breathing circuit malfunction).

MONITORING CONSIDERATIONS FOR
CARDIOTHORACIC TRAUMA
Standard Monitoring
Standard monitoring, including auscultation of breath and
heart sounds, and secure venous access is the cornerstone
of any anesthetic technique for patients with cardiothoracic
trauma. Standard monitoring for cardiothoracic trauma
includes ECG, noninvasive BP, pulse oximetry, end-tidal
CO2, precordial or esophageal stethoscope, and core temp-
erature. A peripheral nerve stimulator is used to assess
degree of neuromuscular blockade. PIPs are continuously
monitored in all tracheally intubated patients receiving
mechanical ventilation. Any sudden increases in PIP may
signify tension pneumothorax. The maximum PIP is set at
35 cm H2O to minimize the risk of pulmonary barotrauma,
especially in patients with rib fractures, pulmonary contu-
sion, and pneumothorax. Pressure-controlled ventilation is
useful in this regard. If a chest tube has been placed,
ongoing blood loss from the affected hemithorax can be
monitored (4). Consideration should also be given to moni-
toring for awareness in cardiothoracic trauma patients
because many patients have hemodynamic compromise
which limits their ability to tolerate sufficient anesthetic
agents to blunt awareness and recall. Bispectral analysis of
the EEG (BIS) examines the coupling among the EEG sine
wave components and provides a quantifiable measure of
the effects of anesthetics on the brain that correlates to the
level of consciousness and probability of recall (113–115).
The BIS is an extremely valuable measure of the hypnotic
component of anesthesia in cardiothoracic trauma patients.
The BIS is also being used to monitor the effect of deep
hypothermic circulatory arrest during and after thoracic
aortic surgery in which the arch vessels are involved.

Invasive Monitoring
Direct invasive measurement of arterial BP is routine for

all major cardiothoracic surgeries, and all cases of major
cardiothoracic trauma requiring thoracotomy. Insertion
of an arterial catheter is a relatively safe procedure and
allows for precise beat-to-beat measurement of BP. The arter-
ial catheter also facilitates sampling of ABGs, blood chem-
istry, hematocrit, hemoglobin, and coagulation parameters.
The indwelling arterial catheter also allows for minimally
invasive cardiac output determination using the LiDCOTM

(LiDCO Group Plc., Gurnee, Illinois, U.S.A.) system. With
this system, the indicator is an isotonic solution of lithium
chloride which is injected IV. The concentration–time
curve in arterial plasma is measured by withdrawing
blood through a lithium sensor, which is then used to

calibrate a pressure waveform system that determines
cardiac output. Analysis of the arterial pressure waveform
with the LiDCOTM system provides systolic pressure vari-
ation (SPV). Measuring the effects of positive pressure venti-
lation on the SPV is a valuable clue to hypovolemia (Fig. 22)
(116). The SPV is the difference between the maximal and
minimal SBP during one ventilatory cycle. Increases in the
SPV and its “delta down” component may be indicative of
hypovolemia and correlate with left ventricular preload as
determined by TEE (116).

Central venous pressure catheters provide secure
access for fluid therapy, drug infusions, and for central
venous pressure (CVP) monitoring. Trends in CVP are
useful in managing patients requiring massive fluid resusci-
tation and in those patients requiring infusion of vasopressors
and inotropes. With pericardial tamponade, there is elevation
and equalization of diastolic filling pressures. The x-descent is
preserved and the y-descent is damped because of restricted
early right ventricular filling (Fig. 23) (117). With pulmonary
contusion, CVP was found to be a better estimate of cardiac
preload compared with pulmonary capillary wedge pressure
(118), likely due to increased pulmonary vascular resistance,
airway resistance, and dead space ventilation.

The pulmonary artery (PA) catheter allows for accu-
rate hemodynamic assessment and modification of therapy.
As a result of the information obtained by PA catheteriza-
tion, planned therapy is changed in many instances. This
is not surprising given the fact that clinical assessment accu-
rately predicts cardiac output, pulmonary capillary wedge
pressure, and systemic vascular resistance less than 50% of
the time. PA catheters are usually inserted in hemodynami-
cally unstable patients who do not respond to multiple fluid
boluses, and in patients with impaired cardiac function who
require vasoactive drug therapy to maintain perfusion and
or pressure (Table 12).

Figure 22 Systemic arterial BP curves and airway pressures

before (left) and after (right) volume loading. SPV is the difference

between the maximal and minimal SBP during one positive

pressure ventilatory cycle. On the left, SPV ¼ 20 mmHg. On the

right, SPV ¼ 10 mmHg. Increases in SPV and its delta down

component is an indicator of hypovolemia in ventilated patients.

Abbreviations: BP, blood pressure; SBP, systolic blood pressure;

SPV, systolic pressure variation. Source: From Ref. 116.
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PA catheter monitoring in itself cannot be expected to
improve outcome. Rather, the monitoring system must
provide accurate numbers; pathologic causes must be
identified; the need for therapy must be recognized; and a
specific therapy must be selected and appropriately
administered (117). Although it is reasonable to assume
that more precise knowledge of cardiovascular parameters
will permit more appropriate treatment and improved
outcome, there are risks and costs of PA catheter monitoring
related to its insertion, use, and misuse (e.g., misinterpreta-
tion of data).

In a randomized, controlled trial of 75 patients with
shock due to bleeding, patients who achieved optimal
values of cardiac index (.4.5 L/min/m2), ratio of transcu-
taneous oxygen tension to fractional inspired oxygen
.200, oxygen delivery (.600 mL/min/m2), and oxygen
consumption (.170 mL/min/m2) were more likely to
survive than those who did not (119).

Transesophageal Echocardiography
The role of the TEE as a diagnostic tool for TAIs and cardiac
tamponade has been previously discussed. The TEE is an
excellent monitor of ventricular performance and volume.
In patients with BCI, blood volume and fluid loading
should be precisely measured because right ventricular
preload is critical for BP stability. TEE assesses both
right and left ventricular preload more accurately than

PA catheterization. Other clinical applications of
TEE in thoracic trauma include assessment of ventricular
function, valvular disease, pericardial effusion, cardiac tam-
ponade, and aortic injury (120). Because of the possibility
of exacerbating an esophageal rupture, patients with
known or suspected esophageal injury should not have a
TEE placed.

PAINMANAGEMENT

The effects of pain from penetrating (gunshot wound,
stabbing) and blunt injuries (flail chest, multiple rib
fractures, pulmonary contusion, pneumothorax, disruption
of the viscera, and great vessels) and the related stress
response are almost always detrimental to the patient (91).
The stress response includes hyperglycemia, lipolysis,
protein catabolism, increased antidiuretic hormone and cat-
echolamine levels, immunosuppression, and a hypercoagul-
able state (121). This can increase the incidence of
hypertension, tachycardia, deep venous thrombosis (DVT),
PE, immobility, splinting, V̇/Q̇ mismatch, reduced gastroin-
testinal motility, water and salt retention, hypoxia, and infec-
tions (Fig. 24) (122). Adequate thoracic pain management
fosters earlier rehabilitation and may reduce the incidence
of long-term chronic pain syndromes (19). Pain analog
scoring, using a simple assessment tool where 0 represents
no pain and 10 represents the worst possible pain, is
measured in conjunction with the other vital signs such as
BP, HR, and oxygen saturation in order to achieve optimal
pain management.

Cardiothoracic trauma patients frequently present
with injuries to multiple areas of the body necessitating flexi-
bility in terms of pain management techniques. Issues such
as monitoring of central and peripheral neurological func-
tions must be considered and it may be necessary to avoid
the use of analgesic techniques that reduce the ability to

Figure 23 Schematic representation of normal and abnormal

CVP waveforms. The a-wave results from atrial systole; the

c-wave occurs with tricuspid valve closure at the onset of

ventricular systole; the x-descent results from atrial relaxation and

downward displacement of the atrioventricular junction; the

v-wave is caused by venous filling of the right atrium; the

y-descent results from rapid atrial emptying. The a-wave is absent

in atrial fibrillation. Cannon a-waves occur with atrioventricular

block. The v-wave is prominent with tricuspid regurgitation.

Cardiac tamponade causes elevation and equalization of diastolic

filling pressures with a dampened y-descent because of restricted

early ventricular filling. Source: From Ref. 117.

Table 12 Conditions in Which Pulmonary Artery Catheter

Monitoring Is Recommended

Condition Examples/comments

General Shock unresponsive to perceived adequate fluid

resuscitation

Oliguria unresponsive to perceived adequate fluid

resuscitation

Assessment of intravascular volume and cardiac

function

Evaluation of cardiovascular contribution to

multiple organ system dysfunction

Surgical Perioperative management of high-risk patients

undergoing extensive surgery

Cardiac or major vascular surgery

Postoperative cardiac complications

Multisystem trauma with hemodynamic insta-

bility despite fluid resuscitation

Severe burns with hemodynamic instability

despite fluid resuscitation

Pulmonary Differentiate ARDS from cardiogenic pulmonary

edema

Evaluate effects of ventilatory support on cardio-

vascular status

Cardiac BCI with cardiac dysfunction

Complicated myocardial infarction

Unstable angina unresponsive to conventional

treatment

Congestive heart failure unresponsive to

conventional treatment

Pulmonary hypertension during acute drug

therapy

Abbreviations: ARDS, acute respiratory distress syndrome; BCI, blunt

cardiac injury; PA, pulmonary artery.

Source: From Ref. 117.
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evaluate sensory and motor function. These issues may take
priority over advanced pain management techniques.

Analgesics are administered to minimize patient
suffering and to improve ventilatory mechanics, allowing
patients to breathe more deeply and to cough more effec-
tively. Adequate pain control diminishes the likelihood
of atelectasis, decreases respiratory infections, and prevents
episodes of hypoxia that lead to increased requirement for
mechanical ventilation (123–125). Acute pain control tech-
niques include intercostal nerve blocks and interpleural
and epidural catheters to administer local anesthetic and/
or opioid medications (126,127).

Intravenous Opioids
IV infusions of opioids do not provide optimal analgesia as
there is inherent temporal variability in analgesic require-
ments. There is also an initial dose titration, which can be
time-intensive and result in a long duration during which
pain control is not adequate.

Patient-Controlled Analgesia
IV patient-controlled analgesia (IV PCA) is a major improve-
ment over IM or IV infusions. There is “built-in safety”
because the patient can self-administer medication during
periods of alertness. The patient also has a sense of control
when using IV PCA. Pain and oversedation cycles are
reduced using this technique. The technique also is less

demanding on nursing resources. The most frequently
used opioid agonists for IV PCA are summarized in Table 13.

Nerve Blocks
Intercostal nerve blocks have been utilized for many years to
alleviate rib fracture pain. The technique increases maximal
inspiratory flow rates, relieves pain, and improves the ability
to cough and breathe deeply. The chief limitation is that the
relief of pain is temporary, lasting 6–12 hours or less. There
is also a risk of pneumothorax. Rapid vascular absorption of
local anesthetics can occur with a risk of toxicity. Intercostal
nerve blocks may difficult to perform if positioning poses a
challenge. Continuous intercostal nerve blockade has also
been described (128).

Pleural Catheter
An interpleural catheter placed for thoracic pain allows for
continuous infusions or intermittent injections to provide
prolonged pain relief (129). The major concerns with inter-
pleural catheter placement are that the peak plasma level of
local anesthetics is relatively high and pain relief is not con-
sistently achieved. In addition, in patients with thoracotomy
tubes, there is a risk of suctioning the injected local anes-
thetics. This risk is minimized by placing the catheter
distant from the thoracotomy tube or delaying the suction
of the thoracotomy tube for 15–30 minutes after injection of
the local anesthetic through the interpleural catheter. The
use of interpleural catheters is patient–position-dependent.
The tip of the catheter can migrate in certain patients
leading to inadequate analgesia.

Epidural Analgesia
Beneficial Effects
Epidural analgesia for thoracic pain has gained popularity
since its first use in the late 1970s. This is because improve-
ments in vital capacity, FRC, airway resistance, and
dynamic lung compliance have been shown with the use
of this method (124,130). Patients receiving continuous epi-
dural analgesia (narcotics with or without local anesthetics)
have been shown to have decreased ventilator days, shorter
ICU stays, shorter hospitalizations, and decreased incidence
of tracheostomy when compared to control matched groups
with similar injury severity indices (129). Epidural analgesia
leads to a lower incidence of respiratory depression, utilizes
smaller doses of narcotics, and allows earlier ambulation
and discharge when compared to other modes of analgesia
(131). The mortality rates, frequency of respiratory infec-
tions, and quality of pain relief reported by the patient are
also superior in patients receiving epidural analgesia (124).
Epidural analgesia can be delivered in intermittent
boluses, as continuous infusion, and as patient-controlled
epidural analgesia (PCEA).

Figure 24 Pathophysiology of respiratory failure after thoracic

trauma. Source: From Ref. 127.

Table 13 Guidelines for Intravenous Patient-Controlled Analgesia

Opioid Loading dose Subsequent dose Lockout (min) Basal rate/hr

Morphine 0.05–0.1 mg/kg 0.5–3.0 mg 6–8 0.5–2.0 mg

Hydromorphone 0.01–0.02 mg/kg 0.1–0.5 mg 6–8 0.1–0.3 mg

Fentanyl 0.5–1 mg/kg 15–75 mg 4–6 15–60 mg

Meperidine 0.5–1 mg/kg 5–30 mg 6–8 5–20 mg

Source: From Ref. 19.
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Limitations
Factors that preclude the use of epidural analgesia tech-
niques in cardiothoracic trauma include insufficient time
for insertion of epidural catheter (e.g., unstable or emergent
presentation) and inadequate positioning for catheter place-
ment (e.g., uncleared spines, pelvic fracture). Patients with
associated spinal cord injuries or with coagulopathy are
also poor candidates for epidural analgesia. The use of
local anesthetics may be inappropriate in patients whose
hemodynamic status would not tolerate a functional sym-
pathectomy. Also, epidural analgesia may be inappropriate
if the use of local anesthetics hinders evaluation of the
patient’s neurologic function. Other contraindications to pla-
cement of epidural catheters include septicemia, untreated
bacteremia, and alterations in mental status. Despite
several limitations, many cardiothoracic trauma patients
are candidates for postoperative epidural analgesia.

Choice of Agent
Drug selection is determined by lipid solubility, catheter
insertion site, and pain location. Hydrophilic opioids such
as hydromorphone or morphine have delayed onset and
prolonged duration, with increased incidence of respiratory
depression (Table 14A). Lipid-soluble agents such as fenta-
nyl have faster onset of action, shorter duration of analgesia,
and fewer respiratory side effects (Table 14B). Larger doses
of lipid-soluble agents are required, however, as the analge-
sic effects may not be locally mediated (Table 14C). Dosing
regimens for thoracic epidural catheters are shown in
Table 15. With lumbar catheters, higher dosages are required

than for thoracic analgesia. Single-dose sustained-release
epidural morphine can provide 48 hours of postsurgical
pain relief without the use of indwelling epidural catheters.
With this technology, microscopic spherical liposomes
encapsulate the epidural morphine. Once injected into the
epidural space, the spherical liposomal particles disperse
and encapsulated morphine molecules are released over
time (132).

Complications
Adverse effects of epidural narcotics include pruritus, seda-
tion, nausea and vomiting, urinary retention, apnea, and sei-
zures (133,134). A rare complication is epidural hematoma or
abscess with spinal cord compression. This must be recog-
nized and requires immediate surgical evacuation if paraple-
gia is to be prevented. The potential for epidural hematoma
is increased if coagulation is impaired at the time of insertion
or removal of the catheter (e.g., low-molecular-weight
heparin, warfarin, antiplatelet drugs). Guidelines and rec-
ommendations by the American Society of Regional
Anesthesia (ASRA) need to be adhered to in patients who
receive neuraxial anesthesia and anticoagulation therapy
(135). Hypotension may occur with local anesthetics injected
neuraxially.

Factors associated with respiratory depression from
neuraxial narcotics include advanced patient age, poor
general condition, concomitant use of central nervous
system depressant drugs or systemic narcotics, and the use
of hydrophilic narcotics.

Other Methods
There are a minimum of three well-defined nociceptive path-
ways mediating thoracic pain: the vagus, the phrenic, and
intercostal nerves (136). Other less-well-defined pathways
may be connected with the autonomic nervous system.
Thus, a multimodal (local anesthetics, opioids, non-steroidal
anti-inflammatory drugs (NSAIDs), alpha 2 agonists,
cyclooxygenase-2 (COX-2) inhibitors, ketamine) antinocicep-
tion strategy is optimal for patients with thoracic pain. Local
anesthetics are the most effective drugs to block pain.
Opioids administered via PCA are extremely valuable as a
fall-back in the event of failure of other techniques.
Nonsteroidal anti-inflammatory drugs can be used as adju-
vants, although the use of NSAIDs is controversial because
of gastrointestinal, renal, and bleeding risks. Improvements
in intrathecal drug-delivery systems and development of
additional drugs make this modality appear appropriate
for selected patients.

Table 14C Pharmacology of Epidural Opioids

Opioid

Relative

lipid

solubility Dose

Onset

(min)

Duration

(hr)a

Morphine 1 1–5 mgb 30–90 6–24

Hydromorphone 1.4 0.2–1.0 mg 20–30 6–18

Meperidine 28 30–100 mg 15–25 4–8

Methadone 82 4–8 mg 10–20 4–8

Fentanyl 580 50–200 mg 5–15 2–4

aDuration of analgesia varies widely; higher doses produce longer duration.
bLower dose range recommended for elderly patients and/or thoracic site of

injection.

Source: From Ref. 19.

Table 14A Clinical Properties, Advantages, and Disadvantages

of Epidural Morphine and Hydromorphone

Properties Advantages Limitations

Slow onset

Long duration

Prolonged single-dose

analgesia

Delayed onset of

analgesia

High CSF

solubility

Thoracic analgesia with

lumbar administration

Unpredictable

duration

Extensive

CSF spread

Minimal doses compared

to IV administration

Higher incidence

of side effects

Delayed respiratory

depression

Abbreviation: CSF, cerebrospinal fluid.

Table 14B Clinical Properties, Advantages, and Disadvantages

of Lipophilic Epidural Opioids (e.g., Fentanyl)

Properties Advantages Limitations

Rapid onset Rapid analgesia Systemic absorption

Short

duration

Decreased side

effects

Brief single-dose

analgesia

Low CSF

solubility

Minimal CSF

spread

Ideal for continuous

infusion or PCEA

Limited thoracic

analgesia with lumbar

administration

Abbreviations: CSF, cerebrospinal fluid; PCEA, patient-controlled epidural

analgesia.

Source: From Ref. 19.
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POSTOPERATIVE CONSIDERATIONS FOLLOWING
CARDIOTHORACIC TRAUMA

Patients sustaining cardiothoracic trauma often require post-
operative support of the respiratory and cardiovascular
systems and optimization of oxygen delivery in an SICU.
Care is directed towards management of general problems
such as fluids, pain control, nausea and vomiting, central
nervous system (CNS) depression, agitation, and compli-
cations of unsuspected drug abuse. Serial CXRs, assessment
of chest tube drainage, and monitoring for complications
related to the initial injuries such as pulmonary contusion,
ARDS, BCI, retained hemothorax, empyema, pulmonary
cavitary lesions, and noncardiothoracic injuries (e.g., head,
spinal cord, abdominal, retroperitoneal, orthopedic, and vas-
cular injuries) may be necessary.

In patients with traumatic lung injury, the incidence of
adult respiratory distress syndrome (ARDS), empyema,
recurrent pneumothorax, pneumonia, bleeding/hemothorax
requiring reoperation, and mortality have been found to be
higher with blunt injuries (vs. penetrating), low BP at thora-
cotomy, and increasing amount of the lung resection (27).

Postoperative complications after cardiac trauma
include intracardiac shunts, valvular lesions, ventricular
aneurysms, wall motion abnormalities, arrhythmias, and
conduction blocks. Retained foreign body, and aortocaval
and aortopulmonary fistula may also occur in survivors of
penetrating cardiac trauma.

Specific postcardiothoracic trauma complications
include ARDS, multiple-organ system failure, and sepsis,
the last two being the major late causes of death in trauma.

Adult Respiratory Distress Syndrome (ARDS)
ARDS is the pulmonary component of a generalized panen-
dothelial inflammation affecting multiple organs. Risk
factors include multisystem trauma, high injury severity
score, hypotension, transfusion requirement .1500 mL
within one hour of hospital admission, and initial PaO2

,70 mmHg. Findings include tachypnea, dyspnea, hypoxe-
mia, diffuse alveolar infiltrates, and decreased lung compli-
ance, in the absence of cardiac failure. ARDS may be caused
by direct or indirect lung insults such as contusion, aspira-
tion, DIC, sepsis, pneumonia, long bone fractures, blast
injury, neurogenic factors, and upper airway obstruction.

Treatment goals include optimization of oxygen delivery,
prevention of barotrauma, oxygen toxicity and nosocomial
pneumonia, and treatment of the underlying cause. Pressure-
controlled ventilation with varying levels of oxygen and PEEP
(or CPAP) are cornerstones of therapy. Treatment options for
severe ARDS include prone positioning, inhaled nitric oxide,
partial liquid ventilation, intravascular oxygenator, extracor-
poreal membrane oxygenation, and surfactant (137,138). In
patients with acute lung injury and ARDS, mechanical venti-
lation with lower tidal volumes (6 mL/kg) as compared with
traditional tidal volumes (12 mL/kg) decreased mortality and
increased number of days without ventilator use (139). Mean
plateau pressures in the low tidal volume group were 25 cm
H2O (vs. 33 cm H2O in the traditional tidal volume group) (139).

Sepsis/Multiple System Organ Failure
Sepsis is the leading cause of multiple organ dysfunction
syndrome, accounting for the majority of “late deaths” in
trauma (see Volume 2, Chapter 47). Contamination can

Table 15 Suggested Dosing Protocols for Thoracic Epidural Catheters (T4–T8)

Bupivacaine 1 mg/mL and morphine 0.05 mg/mL infusion

Patient

age (yr)

Morphine loading

dose (mg)

Bupivacaine loading

dose 0.25–0.5% (mL)

Infusion rate

(mL/hr)

PCEA dose (mL)

20 min delay

15–44 4 5–8 6 3–4

45–65 3 4–6 5 2.5–3

66–75 2 4–5 3 1.5–2

76þ 1 3–4 2 1–2

Bupivacaine 1.0 mg/mL with or without fentanyl 5 mg/mL infusion

Patient

age (yr)

Fentanyl

loading dose (mg)

Bupivacaine

loading dose

0.25–0.5% (mL)

Infusion rate

(mL/hr)

PCEA dose (mL)

10 min delay

15–44 100 5–8 6 4

45–65 100 4–6 5 3–4

66–75 75 4–5 4 2–4

76þ 50 3–4 3 1.5–2

Bupivacaine 1.0 mg/mL with or without hydromorphone 0.01 mg/mL infusion

Patient

age (yr)

Hydromorphone

loading dose (mg)

Bupivacaine loading

dose 0.25–0.5% (mL)a

Infusion rate

(mL/hr)

PCEA dose (mL)

15 min delay

15–44 0.8 5–8 6 3–4

45–65 0.6 4–6 5 2.5–3

66–75 0.4 4–5 3 1.5–3

76þ 0.2 3–4 2 1–2

Abbreviation: PCEA, patient-controlled epidural analgesia.

Source: From Ref. 19.
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occur from the initial injury (penetrating and blunt thoracic
trauma, lacerations, open fractures, aspiration) and from any
indwelling line (peripheral IV, arterial and central line, PA
catheter, chest tube, Foley catheter, gastric tube, ETT, and
intracranial pressure monitor). Infection can also occur
during surgical procedures and as a result of medications
and blood products that can harbor pathogens. Gastric colo-
nization may be a source of infection, particularly in patients
receiving agents that alter gastric pH. Methods to prevent
sepsis and the Systemic Inflammatory Response Syndrome
are summarized in Table 16 (see Volume 2, Chapter 63) (140).

Septic shock consists of a complex array of circulatory
and metabolic derangements that leads to inadequate cellular
energy usage (see Volume 2, Chapter 18). Therapy includes
ventilatory support, correction of electrolyte abnormalities,
maintenance of arterial pH above 7.30, nutritional support,
infection control, and hemodynamic management directed at
maximizing ḊO2 (141). Hemodynamic monitoring is necessary
to guide fluid and inotrope or vasopressor therapy. Dopamine
and norepinephrine are the first-line agents for increasing
BP in septic shock (142). Steroid replacement may be required,
especially in catecholamine-treated septic patients with
adrenal insufficiency (143). Vasopressin is a useful agent in the
treatment of refractory septic shock (144).

Associated Severe Head Injury
Severe head injury, defined as a GCS �8 after resuscitation,
renders the brain more susceptible to secondary insults,
particularly hypoxia and hypotension (145). Prevention
and treatment of secondary brain insults require vigilant
monitoring and aggressive treatment to ensure adequate
oxygenation, cerebral perfusion pressure (CPP) and ḊO2,
and normovolemia (146). Hyperventilation can exacerbate
secondary brain injury due to hypocapnic cerebral vasocon-
striction and is generally avoided except in cases of impend-
ing herniation (Volume 1, Chapter 23 and Volume 2, Chapter 12).

Deep Venous Thrombosis
Prolonged immobilization after cardiothoracic trauma leads
to an increased risk for DVT. Prophylaxis against this

devastating complication should be routine. Anticoagulation
complicates and may contraindicate the use of epidural or
intrathecal analgesia. An inferior vena cava filter may be
required (see Volume 2, Chapter 56).

EYE TOTHE FUTURE

Injury prevention programs will promote safety and good
health and reduce the incidence of cardiothoracic trauma
through education, engineering, enforcement, and economic
incentives. The use of noninvasive ventilation and advanced
pain management techniques may decrease the need for tra-
cheal intubation after pulmonary contusion, although severe
lung contusion will still require mechanical ventilation. This
will require further study. Low tidal volume ventilation with
higher end-expiratory lung volumes and recruitment
maneuvers may reduce mortality from acute lung injury
and ARDS (147).

Indications for VATS will continue to expand which
will result in less invasive operations, decreased pain,
decreased hospital length of stay, and improved pulmonary
function (148,149). Transesophageal echocardiography will
become commonplace for the diagnosis of blunt cardiac
and aortic injuries (69). Intravascular arterial or venous
stents will be used for great vessel injury instead of surgery
(150). This may result in a decreased incidence of spinal
cord ischemia and paraplegia. Noninvasive and minimally
invasive hemodynamic monitoring will be increasingly
utilized, and tissue oxygen delivery will help guide fluid
and volume resuscitation during cardiothoracic surgery.

Urgent repair of thoracic aortic transection in the
setting of blunt trauma can be problematic in patients with
concomitant TBI, right pulmonary contusion, or other
severe injuries. Endovascular repair has been increasingly
shown to be well tolerated. Indeed a recent review of
11 patients showed 100% success using off the shelf stents
and no systemic heparinization (150). Furthermore, early
and midterm results are promising, although long-term
durability and complications of these endovascular stents
remains unknown. Nonoperative management of TAI can
be a treatment of choice in selected patients (151).

The EAST Practice Guidelines Committee has pub-
lished recommendations regarding pain management for
trauma, and recognizes that epidural anesthesia is often
superior but occasionally contraindicated (e.g., coagulopa-
thy) (152). It also recommends that outcome studies be con-
ducted to clarify the patients best treated with epidurals and
that modalities such as liposomal-encapsulated anesthetic
drugs and multimodal pain management be studied in the
trauma population.

SUMMARY

Management of cardiothoracic trauma is complex because
multiple-organ systems may be simultaneously involved.
Hypovolemic shock, cardiac failure, head injury, and respir-
atory compromise may all be present. Anesthetic care is
directed towards restoring hemodynamic function, treating
airway problems, providing 1LV, performing operative and
nonoperative ventilatory management, and treating post-
operative pain. The importance of a clear understanding of
the pathophysiology of cardiothoracic injuries is necessary
in order to optimally manage these challenging patients.

Table 16 Approach to Sepsis in the Cardiothoracic Trauma Patient

Alterations Strategies

Disrupted skin and

mucosal barriers

Clean and debride wounds; promptly

resuscitate from shock and hypothermia;

restore tissue perfusion; meticulous line

and tube care; appropriate antibiotics

Disrupted gastro-

intestinal barriers

Preserve normal gastric acidity; cytopro-

tection with sucralfate preferable to H2

blockers

Immune dysfunc-

tion after trauma

Preserve tissue blood flow and DO2;

establish early enteral nutrition and

nutritional supplements

Exaggerated

inflammatory

response (macro-

phages, PMNs)

All of the above, and eradication of occult

infections; antiendotoxin strategies,

mediator inhibition, and/or immunolo-

gic blockadea Hemofiltration to clear

inflammatory mediators

aInvestigational.

Abbreviation: DO2, oxygen delivery.

Source: From Ref. 140.
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KEY POINTS

Multisystem injuries such as head, face, spine, and
extremities frequently coexist in patients sustaining
blunt cardiothoracic trauma.
Laryngeal injury should be suspected in any patient
with hoarseness, subcutaneous emphysema in the
neck, and/or hemoptysis.
The method of choice for securing the airway in
patients with laryngeal trauma and airway compromise
with stridor is awake FOB-assisted intubation while
maintaining spontaneous ventilation.
Although clinical findings alone are seldom satisfactory
for diagnosing tracheobronchial disruption, the classic
findings are: hemoptysis, dyspnea, subcutaneous and
mediastinal emphysema, and hypoxia.
Fiber-optic bronchoscopy is the most reliable means of
diagnosing and staging tracheobronchial injury.
A trauma patient in shock, associated with the absence
of breath sounds and/or dullness on one side of the
chest, should be treated for massive hemothorax until
proven otherwise.
Most cases of hemothorax can be adequately treated by
a tube thoracotomy and restoration of circulating blood
volume.
Patients with large flail segments can progressively
develop rapid, shallow, and inefficient breathing and
coughing, with retained secretions which often
require intubation, mechanical ventilation, and aggres-
sive suctioning.
Limiting peak and plateau pressures and tidal volume
and avoiding overdistension during mechanical venti-
lation are important management strategies in patients
with lung injury including pulmonary contusion.
History of chest trauma, physical examination findings
of Beck’s triad (distended neck veins, hypotension, and
muffled heart tones), or pulsus paradoxus indicate the
diagnosis of pericardial tamponade.
Immediate treatment of cardiac tamponade in trauma
consists of aggressive fluid replacement and open sur-
gical drainage.
Echocardiography is the diagnostic method of choice in
patients with ECG abnormalities or unexplained cardi-
ovascular instability following blunt cardiac trauma.
Damage control measures, such as an abbreviated thor-
acotomy to restore survivable physiology during a
single operation, are occasionally necessary in acidotic,
hypothermic, and coagulopathic patients.
Thoracic CT with contrast has emerged as the initial test
of choice to diagnose aortic injury in the setting of an
abnormal mediastinum noted on CXR.
TEE should be considered as supplementary to helical
CT as an initial diagnostic aide for TAI.
Risk factors for developing paraplegia after aortic
surgery include duration of aortic cross-clamping,
intraoperative hypotension, and surgical technique.
The most common error in diaphragmatic trauma is
failure to suspect the possibility of diaphragmatic injury.
Anesthetic management of VATS requires the use of
1LV which is usually achieved with a left-sided
double-lumen endotracheal tube.
Esophageal trauma is lethal if unrecognized because it
will lead to mediastinitis and bacterial necrosis due to
contamination of the mediastinal space by esophageal
contents.

Lower rib fractures are associated with injuries to the
spleen and liver.
Epidural analgesia provides excellent pain relief for
patients with multiple rib fractures and helps facilitate
an effective cough.
Etomidate is devoid of any significant cardiac depress-
ant effects, and has minimal effects on the circulation
and BP. Etomidate is the preferred induction agent for
patients with compromised circulatory states.
The major goals in cardiothoracic trauma resuscitation
are repletion of intravascular volume, normalization
of tissue oxygen delivery, and control of bleeding.
Definitive surgery may need to be postponed until
hypoxemia, hypothermia, coagulopathy, and acidosis
can be corrected.
The most frequent malposition after turning to the lateral
decubitus position is cephalad movement of the DLT
(i.e., the DLT moves out of the airway by 1 to 2 cm).
CPAP, 5 to 10 cm H2O, to the nonventilated lung is
generally the most effective method of improving
hypoxia during 1LV. However, this may temporarily
impair operative exposure.
Direct invasive measurement of arterial BP is routine
for all major cardiothoracic surgeries, and all cases of
major cardiothoracic trauma requiring thoracotomy.
TEE assesses both right and left ventricular preload
more accurately than PA catheterization.
Analgesics are administered to minimize patient suffer-
ing, and to improve ventilatory mechanics, allowing
patients to breathe more deeply and to cough more
effectively.
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INTRODUCTION

Care of the patient with an acutely injured spine (and/or
spinal cord) is challenging for all members of the trauma
team. Intraoperative management is particularly crucial
and demanding, as there are multiple considerations and
interventions that directly affect outcome.

This chapter begins with a brief review of the
epidemiology and pathophysiology of cervical and thoracic
spine and spinal cord injuries. Next, preoperative evaluation
of both the acutely and chronically injured patient is dis-
cussed. Preoperative preparation considerations (with
emphasis upon which patients require awake intubation
and positioning) are described followed by intraoperative
management and monitoring principles. A discussion of
the use of somatosensory-evoked potentials (SSEPs) and
motor-evoked potentials (MEPs) in intraoperative spinal
cord monitoring is provided. Next, a brief survey of the
most significant complications occurring during, or immedi-
ately after, surgery is mentioned. Finally, new theories and
emergent monitoring modalities are described. The authors
hope that the anesthetic principles outlined in this chapter
will provide a framework of knowledge that will improve
the outcome for patients with these devastating injuries.

EPIDEMIOLOGY
Mechanism of Injury
There are approximately 200,000 people in the United States
presently living with some degree of spinal cord injury (SCI)
resulting from trauma (1). The incidence of SCI in the United
States approaches 50 to 70 cases per million (2–4). Cervical
and thoracic spine injuries are the most debilitating and
the most tragic, with 4% to 14% occurring in children
younger than 15 years of age and in athletic and previously
active individuals, with a male-to-female ratio of 2.4:1 (5–7).
The cause of spinal cord trauma in the adult population
varies and includes motor vehicle collisions (MVCs) (40%),
falls (21%), violence (15%), and sports-related injuries
(13%) (8). Etiologies for pediatric SCIs parallel those in
adults, with water-related injuries accounting for 13% of
the cases and sports-related injuries comprising 24% of
cases. In addition to the presence of SCI, 45% to 50% of
patients may present with associated injuries, including

multiple appendicular skeletal fractures, head and facial
injuries, and abdominal and genitourinary injuries (9).

Cervical spine injuries may occur while diving
(especially into shallow pools) or while surfing. The most
common mechanism (about 50% of the injuries sustained)
is motor vehicle accident (4), whereas, falls account
for about 20% of all injuries. The increased popularity of
snowboarding and its emphasis on jumping has provided
a new category of sports-related spine injury. Frequently,
low thoracolumbar spine injuries are seen in snowboarders
who injure themselves during attempted jumps, sometimes
of over 20 feet (10). Traditionally, American football has
been a sport identified with cervical spine injury. Indeed
from 1977 to 1998, over 150 American football players from
all levels of play sustained permanent cervical cord injuries
in the United States (11). Defensive players are at increased
risk (almost double), presumably due to improper down-
ward position of the head during high-impact tackles.
Submersion victims, particularly those with a history of
diving, motorized vehicle crash, or fall from height are also
at increased risk of cervical spine injuries (12).

Anatomic Considerations
Cervical spine injuries occur in a bimodal distribution with
most occurring in the C1 to C2 region and C5 to C7 region
(C3–C4 fractions are infrequently seen) (13). Unfortunately,
approximately 30% of those with high cervical SCIs die at
the scene of the accident, or during transport to the hospital
(2). Patients who die of these cervical spine injuries in the
first hour usually sustain a level of injury at or above C3
(requiring assisted ventilation prior to the arrival of parame-
dics). Most patients with cervical spine injuries who survive,
sustain them in the C5 to C7 region. Although most SCIs
occur in the cervical region, only 33% of chronic SCI patients
have cervical injury, reflecting the lethality of cervical spine
injuries.

Thoracolumbar injuries are slightly less common,
occurring in 2% to 4% of all blunt trauma patients (14).
The incidence of thoracolumbar injuries associated with
some type of neurologic deficit is approximately 1 per
20,000 per year. The Scoliosis Research Society, in a multicen-
ter review of more than 1000 patients, reported that 16% of
injuries occurred between T1 and T10 and 52% between
T11 and L1.
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The thoracic spine requires much more violent

trauma to disrupt its integrity compared to the cervical
spine. Accordingly, it is common to have isolated cervical
spine injuries, whereas thoracic spine injuries are often
associated with other injuries to the thorax.

The T1 to T10 portion of the thoracic spine is relatively
protected from trauma due to the increased stability from the
rib cage. However, the T11 to T12 region has only limited
protection, and is a biomechanical transition zone (thoracic
kyphosis changes to lumbar lordosis), explaining why T11
to T12 is the most common region of thoracic spine injury.
Compression fractures account for about half of all thoracic
injuries (14). The midthoracic region (T4–T7) provides the
greatest contribution to natural thoracic kyphosis, and is
accordingly most susceptible to flexion/compression injury.
Not surprisingly, motorcycle and ejection injuries commonly
affect the T4 to T7 area because unrestrained passengers and
motorcyclists are frequently thrown upon immobile objects
causing hyperflexion, and axial loading is concentrated in
this region (15).

PATHOPHYSIOLOGY
Primary Insult
The spinal cord is particularly prone to injury in the cervical
region because of the coupling of a large mass, the head, to
the cervical spine, a lever arm of great flexibility. The
spinal cord is injured when the ligaments, muscles, and
osseous structures fail to dissipate the energy of impact
(16,17). Individuals who have narrow spinal cord diameters
are at greater risk of SCI with damage to cervical vertebrae
(18,19). Patients who have a narrow midsagittal spinal
canal diameter have an increased chance of sustaining a
severe neurologic injury in association with a given spinal
fracture or dislocation or both, compared with patients
who have a larger midsagittal canal diameter (20). Patients
at risk include those who have cervical stenosis radiographi-
cally and who had an episode of neurapraxia in association
with an event of axial compression of the cervical spine (21).

Bone and ligamentous injuries of the spine result
almost entirely from the direct trauma event. However,
injury to the spinal cord only begins with the initial mechan-
ical trauma, and later evolves due to the body’s response to
that injury. The primary insult results from the initial
transfer of energy, causing fractures, severe ligamentous
injury, spinal column dislocation, and ultimately spinal
cord compression. Additionally, a foreign body or bone
fragment may directly damage the cord by producing
lacerations, contusions, or compression. Burst fractures are
more precarious than compression fractures because, by
definition, bony fragments retropulse into the spinal canal
and may cause neurologic injury (3). Fracture dislocations,
which involve all three support columns of the spine, are
even more likely to cause complete cord injury than simple
burst or compression fractures (22).

Secondary Insult
Following the initial mechanical disruption or contusion

of the spinal cord, secondary injury may occur. Secondary

injury results from inflammation, edema, microhemor-
rhages, and diminished capillary blood flow to spinal
cord at risk. Three main mechanisms of secondary SCI
have been identified: free radicals, vascular mechanisms,
and apoptosis. Within the early minutes of SCI, oxygen
free radical formation can cause cell membrane lipid

peroxidation and eventual cell necrosis (Fig. 1). The early
use of methylprednisolone may inhibit this process (3). In
addition, major changes in spinal cord blood flow occur on
both the global and mircovascular level. Blood flow may
be reduced at the site of injury because of direct trauma,
loss of local autoregulation, or from trauma-related global
loss of cardiac output and hypotension from other injuries
(23). Microscopic hemorrhagic regions can exist both proxi-
mal and distal to the injury site. In addition, edema from
increased endothelial cell permeability may exacerbate
cord swelling and injury. Endothelial permeability may
also allow white blood cells to enter the injury site and
cause more swelling. Methylprednisolone may interrupt
this process. Infarction eventually follows when perfusion
pressure is inadequate to maintain cord viability. Accord-
ingly, most advocate careful monitoring of blood pressure
and maintenance at or slightly above baseline in patients
with acute SCI. Indeed, Vale et al. (24) found improved
neurologic outcome when they kept the mean arterial
pressure (MAP) of their patients above 85 mmHg. Lastly,
apoptosis (preprogrammed cell death), which occurs
naturally during embryonic development, may also be
triggered by trauma leading to orchestrated death of
oligodendrocytes following tissue injury or hypoxic stress.
Apoptosis may contribute to axonal degeneration days to
weeks later (3). Pharmacologic agents, which block this
cascade of events, are now being actively investigated (25).

PREOPERATIVE EVALUATION
Acute Spine InjuryçEvaluation Evolves from
the Primary Survey
An anesthesiologist may first encounter the spine-injured
patient during the initial resuscitation, in which case the
primary survey may be ongoing (see Volume 1, Chapter 8).
The primary survey of these patients, like all trauma
patients, begins with the airway, breathing, circulation, dis-
ability, exposure, and environmental concerns (ABCDEs)
(Table 1). Airway management in SCI patients is critical
and has several special concerns. Breathing considerations

Figure 1 Biochemical cascade effect following primary spinal

cord injury. Abbreviations: ATP, adenosine triphosphate; PLA2,

phospholipase A2; PMN, polymorphonuclear leukocytes.
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for the patient with spine injury include respiratory distress
from direct SCI (or from other injuries). Circulatory assess-
ment and management is confounded by the possibility of
both hemorrhagic and neurogenic shock. Disability evalu-
ation and stabilization is critical and must be optimized
from the start. Each of these topics, as well as the issues
related to exposure of the SCI patient will be explored in
this section.

Airway Considerations
The airway can be secured in patients with known or sus-
pected SCI orotracheally, nasotracheally, or surgically. Spon-
taneously ventilating, cooperative patients with known
unstable cervical spine injuries should be intubated awake
using a fiber-optic bronchoscopic (FOB) technique. This
technique is recommended because it does not involve
flexion or extension of the neck. The FOB can be used
either orally or nasally, as long as visibility is maintained
throughout the procedure.

Orotracheal intubation is the best initial plan for
unconscious or intoxicated patients, and those with
midface injuries. It is optimally performed with a three-
person team. One person’s sole responsibility is to maintain
cervical immobilization upon removal of the cervical collar.
The anesthesiologist intubates while an assistant holds
cricoid pressure skillfully. Although a rapid sequence induc-
tion classically calls for preoxygenation, but no-mask
ventilation, prior to confirmation of endotracheal tube
(ETT) placement, a modified technique using some venti-
lation is warranted in patients with poor oxygen saturation.
Succinylcholine can be safely used when given within
24 hours of spinal cord or head injury (26). Surgical access
to the trachea is considered when coexisting injuries or a

bloody oropharynx prevents successful oral or nasal
intubation. Please refer to Volume 1, Chapter 9 for additional
airway management guidelines.

Breathing Assessment
Respiratory distress can occur following SCI either due

to concomitant thoracoabdominal trauma, or secondary

to SCI itself. A closed head injury occurs in 25% to 50%
of SCI patients; conversely 5% to 10% of patients with
head injury sustain injury to the spine (27,28). With a head
injury there may be concern to rapidly intubate the patient
(to protect the airway and to hyperventilate). Facial injury
occurs in about 2% to 3% of patients with cervical spine
trauma (29). The blood and swelling that frequently
accompany facial trauma may further complicate airway
management.

The spine-injured trauma patient must be suspected of
having coexisting abdominal or thoracic injuries, such as
ruptured diaphragm, broken ribs or sternum, flail chest, or
pulmonary contusion (30). Furthermore, if several days
have elapsed since the injury (e.g., patient transported
from the battlefield), aspiration pneumonitis and subsequent
acute respiratory distress syndrome may be present at the
initial evaluation. With the combination of pulmonary con-
tusions and thoracic cage damage, these patients often
require the more aggressive modes of ventilatory support
including time cycle pressure-controlled ventilation, or
high levels of positive end expiratory pressure (PEEP). If
required in the intensive care unit (ICU), these advanced
modes of ventilation will need to be delivered in the operat-
ing room (OR) as well (see Volume 2, Chapter 27).

Breathing adequacy in the nonintubated SCI patient
needs to be critically assessed following acute cervical or
high thoracic SCI. With cervical or high thoracic spinal cord
injuries, the chest paradoxically collapses (from the loss of
intercostal muscle innervation above the injury level) as the
abdomen expands upon inspiration from contraction of the
diaphragm. Consequently, the vital capacity and functional
residual capacity (FRC) are reduced, as is the ability to
cough or clear secretions (31,32).

The patient’s pulmonary status may also be compro-
mised by neurogenic pulmonary edema. This occurs when
a massive sympathetic discharge, centrally mediated by an
acutely injured spinal cord or brain, causes severe systematic
hypertension and intense peripheral vasoconstriction,
forcing blood into the low-resistance pulmonary circulation.
The resultant increase in pulmonary vascular pressures
increases the permeability of pulmonary capillaries and
can cause pulmonary hemorrhage and persistent edema
even after the sympathetic discharge resolves (33). Although
the catecholamine release may resolve in only a few minutes,
the pulmonary edema may persist for 24 to 48 hours, and can
exacerbate other pulmonary injuries. Neurogenic pulmon-
ary edema is managed by supportive care, mechanical
ventilation with PEEP, and fluid restriction.

Circulation Considerations
As with all trauma victims, shock usually results from massive
blood loss. The spine-injured patient is no different. Indeed,
significant abdominal and chest trauma involving hemodyna-
mically significant intracavitary bleeding occurs in 18% of
these patients (34). An additional 13% to 17% of these patients
will have other injuries to the skeleton, including serious
pelvic fractures (34). Fractures at the thoracolumbar junction
and high lumbar spine are associated with a 50% incidence
of intra-abdominal injury (34).

Table 1 Issues Complicating Primary Survey and Resuscitation

in Spine-Injured Patients

Primary survey

area of focus Considerations and complicating issues

A—airway Airway may be compromised due to

concomitant facial trauma, head trauma,

or other injuries

B—breathing Breathing may be compromised as a direct

result of SCI due to loss of intercostal

muscles (and with very high injuries, loss

of diaphragm) or due to concomitant

thoracoabdominal trauma

C—circulation Circulation may be impaired due to spinal

shock, concomitant thoracoabdominal

trauma, or other injuries

D—disability The neurologic examination must be clearly

documented upon arrival and the motor

and sensory examination re-evaluated

frequently

E—exposure and

environmental

concerns

Care must be taken to maintain body

temperature during exposure of all body

surfaces during the primary survey,

especially in SCI patients who have an

increased propensity to lose heat

(sympathectomy and consequent

redistribution of core heat to periphery)

Abbreviation: SCI, spinal cord injury.
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Beyond the usual causes of hypotension and

shock in trauma patients, the SCI patient may be com-
plicated further by the presence of neurogenic shock.
Neurogenic (spinal) shock, characterized by bradycardia,
systemic vasodilatation, and hypotension, results from the
loss of sympathetic innervation normally maintained via
fibers that exit from the high cervicothoracic spinal cord.
Neurogenic shock is associated with complete injuries at
the T6 level and above (35). Extreme bradycardia and even
cardiac arrest can occur in the presence of the unopposed
parasympathetic tone. Approximately two-thirds of cervical
spine injury patients with a systolic blood pressure (SBP)
,100 will have neurogenic shock (36).

Treatment for both forms of shock begins with volume
resuscitation. When the blood pressure remains low after
infusion of more than two liters, and concomitant injuries
(resulting in blood loss) have been eliminated, consideration
should be given to treatment of neurogenic shock. Spinal
(neurogenic) shock treatment involves limiting fluids,
placing a pulmonary artery catheter, and initiating vaso-
active drugs with both alpha and beta adrenergic effects,
as well as vagolytics such as atropine and glycopyrrolate.

The presence of a spine injury can mask symptoms of
other traumatic injuries in thorax, abdomen, and extremities,
which must always be suspected. Therefore the secondary
survey in these patients is heavily dependent on radiologic
studies and requires a high index of suspicion based upon
mechanism of trauma to limit missed injuries.

Disability (Neurologic Evaluation and Acute
Injury Stabilization)
A thorough neurologic examination should be performed for
all patients suspected of spine or cord injury. However,
obtunded, comatose, head-injured, or inebriated patients
are a challenge. Minimally, a Glasgow Coma Scale score,
pupillary examination, sensory examination, and presence
of rectal tone should be documented.

Spinal Shock
Patients exhibiting signs of acute autonomic sympathetic
dysfunction (sympathectomy associated with spinal shock)
require continuous monitoring and, occasionally, treatment.
Central venous access and intra-arterial monitoring is
frequently useful. Maintenance of intravascular volume
must be assured, and occasionally, administration of vaso-
pressor agents such as phenylephrine or dopamine is
required. Intermittent dose of atropine or glycopyrrolate are
frequently required to accelerate the associated slow heart
rate. These vagolytic drugs are particularly useful in the
first 72 hours following injury and are frequently needed pre-
ceding uncomfortable procedures such as ETT suctioning
(known to result in bradycardiac arrest). These patients are
also more prone to hypothermia because normal vasocon-
strictive thermoregulatory mechanisms are now disrupted.

Injury-Level Evaluation and Documentation
All physicians caring for the patient should verify

the findings of their own examinations. The examination
results should be documented in the anesthetic record.

Besides conducting the basic examinations, knowl-
edge of certain neurologic injury patterns is helpful. Spinal
segments innervating common muscle groups are summar-
ized in Table 2. The motor strength of each muscle should
be measured on a scale of 1 to 5 and used to identify the
level of injury.

Evidence of sacral sparing such as preservation of the
bulbcavernosus or anal-cutaneous reflex may point to only
an incomplete cord injury and a better prognosis. Occasion-
ally, these defects can be defined by anatomically based
syndromes. The elderly are especially prone to central cord
syndrome because they often have spinal stenosis from
osteophytes anteriorly and a hypertrophied ligamentum
flavum posteriorly. When the neck becomes hyperextended,
the central elements are compressed, and the cord may
become compromised (27). Because the anatomic position-
ing of the nerves supplying the upper extremity and
thorax are peripheral to the nerves supplying the lower
extremity and sacral areas, these patients may suffer
mostly an upper extremity deficit (particularly affecting
the hands) with bowel and bladder function intact. If the
anterior two-thirds of the cord suffers the brunt of the
injury, only crude sensation, and propioception and position
sense are preserved in the posterior columns. On the other
hand, in posterior cord syndrome, these patients lack pro-
prioception but they can walk, relying heavily on visual
input. Hemisection of the cord, known as Brown–Sequard
syndrome, results in the loss of ipsilateral motor function
and contralateral pain and light touch sensation. When
transporting these patients to the OR, spine precautions
and cervical traction (if present) must be maintained until
definitive stabilization can be accomplished.

Steroid Therapy
Methylprednisolone is a synthetic steroid with anti-
inflammatory effects at the site of injury, decreasing edema

Table 2 Innervations of Spinal Segments and Muscles and

Grading Scale for Evaluation of Motor Function

Spinal

segment Muscle Action

C5, C6 Deltoid Arm abduction

C5, C6 Biceps Elbow flexion

C6, C7 Extensor carpi radialis Wrist extension

C7, C8 Triceps Elbow extension

C8, T1 Flexor digitorum profundus Hand grasp

C8, T1 Hand intrinsics Finger abduction

L1, L2, L3 Iliopsoas Hip flexion

L2, L3, L4 Quadriceps Knee extension

L4, L5,

S1, S2

Hamstrings Knee flexion

L4, L5 Tibialis anterior Ankle dorsiflexion

L5, S1 Extensior Hallucis longus Great toe extension

S1, S2 Gastrocnemius Ankle plantar flexion

S2, S3, S4 Bladder, anal sphincter Voluntary rectal tone

Grade Muscle strength

5 Normal strength

4 Active power against both

resistance and gravity

3 Active power against gravity

but not resistance

2 Active movement only with

gravity eliminated

1 Flicker or trace of

contraction

0 No movement or contraction

Note: The predominant segments of innervation are shown in boldface type.

Source: From Ref. 35.
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and the extravisation of leukocytes through the capillary
endothelium within the injury zone. Methylprednisolone
is administered to all acute SCI patients, if diagnosed within
eight hours of injury. However, the data supporting its use is
still controversial. Indeed, the Spine Focus Panel recently
reviewed the landmark National Acute Spinal Cord Injury
Study II (NASCIS II) trial, and released the following position
statement: “No clear consensus could be reached on the
appropriate use of steroids in acute SCI. Many members of
the Spinal Focus Panel acknowledged that although methyl-
prenisolone is only modestly neuroprotective, this drug
is clearly indicated in acute SCI because of its favorable
risk/benefit profile and the lack of alternative therapies.
However, a significant minority was of the opinion that the
evidence supporting the use of steroids in SCI was weak
and did not justify the use of this medication” (37).

Despite the continued controversy, the accepted
protocol at our institution is in accordance with the
NASCIS II trial, which is to administer Methylprednisolone
30 mg/kg bolus over 15 minutes and a 5.4 mg/kg/hr
continuous infusion for 24 hours if treatment is initiated
within three to six hours of injury. If started within six to
eight hours of injury, the infusion is continued for 48 hours
(38). Proton pump inhibitors should be used for gastrointes-
tinal ulcer prophylaxis.

In addition to steroids, GM-1 gangliosides have also
been found useful in the treatment of patients with SCIs
(20). These drugs are complex acidic glycolipids found
naturally in the cells of the central nervous system. The
mechanism for improvement is postulated to be related to
an increased axonal survival rate at the site of injury. GM-1
gangliosides are also neurotopic, decrease retrograde neuro-
logic degeneration, and modulate excitatory amino acid
endotoxicity and destructive cell membrane enzymatic
activity. Oxygen free radical scavengers are also being
investigated for the treatment of patients with SCIs.

Avoidance of Injury Progression
Continued emphasis must be placed upon maintaining
in-line immobilization so that the cervical and thoracic
spine is protected from sudden movement, which may
convert a partial SCI into a complete SCI. Maintenance of
MAP (.70), oxygenation, and initiation of steroids (as
above) are recommended. Once spinal injuries have been
identified, serial neurologic examinations should be done
while maintaining strict spinal precautions. The patients
should be moved from the spine board onto a rotating bed
as early as possible to prevent decubitus ulcers especially
in the insensate patients.

Exposure and Environmental Awareness
Exposure is the first “E” in ABCDE of the primary survey
(see Volume 1, Chapter 8). Exposure means all body surfaces
must be exposed so that they can be examined for missed
injuries. Environmental is the second “E,” and means
beware of environmental exposure, which could cause
hypothermia or hyperthermia. This is particularly important
in the SCI patient because of the thermoregulatory dysfunc-
tion that occurs. The SCI patient has a loss of sympathetic
tone below the level of the lesion; thus warm central core
blood is allowed to perfuse the skin in hypothermic
conditions (loss of vasoconstriction), rapidly transferring
core heat to the environment. Conversely, exposure to hot,
sunny environments for prolonged periods can quickly
lead to hyperthermia (again due to thermoregulation
dysfunction).

Chronic Spinal Cord InjuryçEvaluation Shifts Toward
Assessment of Compensatory Changes
The paraplegic or quadraplegic patient who sustained injury
in the past, often returns to the OR for removal or adjustment
of spinal instrumentation or for a separate reason (i.e.,
urologic surgery). Understanding the pathophysiologic
changes underlying chronic SCI (autonomic dysreflexia, res-
piratory compromise, and cardiovascular limitations) is
essential for optimal care of these patients. It is important
to conduct a system-by-system review of SCI patients,
because injury to the spinal cord is rarely isolated in
nature. SCI patients are also more vulnerable to developing
pressure ulcers.

Autonomic Hyperreflexia
Autonomic hyperreflexia (also known as autonomic

dysreflexia) is characterized as acute autonomic overactiv-
ity in response to a visceral or cutaneous stimulus below
the level of the spinal cord lesion. The mechanism
is loss of suraspinal inhibitory fibers on thoracolumbar
sympathetic outflow. Patients with a lesion at T7 or higher
are at the greatest risk of suffering from autonomic hyper-
reflexia occurring in 65% to 85% of these patients (39).
Patients with lesions below T10 seldom suffer from auto-
nomic hyperreflexia. Autonomic hyperreflexia may occur
as soon as six weeks following injury (40). Both the loss
of descending inhibition and alterations in distal spinal
cord synapses contribute to the clinical picture involving
severe vasoconstriction, sweating, and piloerection below
the level of injury, causing severe hypertension, reflex
bradycardia, headache, blurred vision, and occasionally,
intracerebral hemorrhage and death (41). In contrast, vaso-
dilation occurs above the level of injury causing flushing
and nasal congestion. The most common excitatory events
are bladder and bowel distension and urinary catheteriza-
tion. The patient should be questioned regarding these
events at the preoperative screening especially if scheduled
to undergo urologic surgery.

A general, regional, or adequate local anesthesia
usually prevents autonomic dysreflexia. However, topical
anesthesia, sedation alone, or inadequate anesthesia can
lead to intraoperative hypertension in these patients.
Although topical anesthesia is sometimes adequate for cyto-
scopy in normal patients, it may permit autonomic hyperre-
flexia to occur in these patients because the bladder muscle
stretch receptors are not blocked with topical anesthesia.
Spinal or epidural anesthesia blocks the ascending thoraco-
lumbar sympathetic pathways leading to protection.
However, there are some problems in administering regional
anesthesia to these patients due to an inexact ability to deter-
mine level, and, sometimes, exacerbated hypotension.

If autonomic hyperreflexia occurs, the first step should
be to remove the inciting stimuli. Oftentimes, pharmacologic
treatment is necessary because of the extreme nature of the
blood pressure rise. Nifedipine 10 mg sublingual or an
alpha-blocking agent such as phentolamine 2 to 10 mg
should be considered first (42). Esmail et al. (43) have recently
demonstrated the efficacy of 25 mg captopril administered
sublingually when SBP .150.

Cardiovascular System Alterations
Cardiac disease is an important source of morbidity in long-
surviving SCI patients. These patients are difficult to evalu-
ate because both their exercise capability and pain sensation
may be diminished. Also, along with reductions in blood
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volume (60 cc/kg), a response to additional hypovolemia
may be impaired (44,45). Therefore, the patient may be
more likely to experience orthostatic hypotension or an
exaggerated decrease in blood pressure when intrathoracic
pressure increases or when a regional anesthetic is used.

Respiratory Dysfunction
SCI at or above C3 commits the patient to a lifetime of
mechanical ventilatory support. Patients with lower cervical
spine injuries lose the function of intercostal muscles inner-
vated by spinal segments below the injury. Only the dia-
phragm and accessory muscles (e.g., sternocleidomastoid
and scalenes) are retained. Although injuries at the C5 to
C6 level and below do not always require ventilator
support, these patients are prone to atelectasis and pneumo-
nia because of impaired ability to clear secretions or mount
an effective cough (31,32). The paralyzed abdominal
muscles further impair coughing ability (31,32). The spasti-
city of the chest wall muscles, which develops six to eight
weeks after the injury, can improve these functions and
can be detected as an increase in maximum inspiratory
force (MIF) and vital capacities.

Patients with C5–C6 injuries also have positional
changes in their ventilatory function. The supine or slight
Trendelenberg position is superior to the upright position
in terms of generating MIF and vital capacities, because
patients whose abdominal and intercostal muscles are
paralyzed develop most of their ventilatory power by
the diaphragm alone. The upward migration of abdominal
contents occurring in the supine or Trendelenberg position
allows for greater diaphragm excursion during inhalation
(40). Placement of an abdominal binder can similarly
improve diaphragm excursion in spontaneously ventilating
SCI patients.

Most SCI patients manifest a restrictive lung disease
profile on pulmonary function testing. Logically, the
degree by which vital capacity (VC), forced expiratory
volume in one second (FEV1), and peak expiratory flow are
reduced directly relates to the level of injury (31). A
smoking history and a complete cord injury can further com-
pound the loss of pulmonary function (31). It is therefore not
surprising that pulmonary problems are the leading cause of
death in these patients (3).

Urologic System
SCI patients have a higher incidence of bladder spasticity
and infection. Patients with chronic SCI scheduled for
implants of foreign material (spine surgery, penile pros-
theses, pacemakers, etc.) should have their urine evaluated
and confirmed to be free of bacteria, prior to surgery. Due
to their limited exercise tolerance, many SCI patients are
sedentary and have an increased risk of stone formation.
These stones may be an additional source of bacteruria.

PREOPERATIVE PREPARATION, AIRWAY, AND INDUCTION
Emergency Surgery, Unstable Spine (Rapid Sequence
Intubation, In-Line Immobilization)
Operative management of cervical and thoracic spine injury
is seldom emergent. However, these patients may have
emergent needs for other procedures (e.g., exploratory
laparotomy and emergency thoracotomy). The following
scenarios provide management and decision-making
guidance.

For the spine-injured patient undergoing emergency
nonspine surgery such as a craniotomy or exploratory lapar-
otomy, the goal is to get the patient to the OR as soon
as possible. Gardner–Wells tongs should be applied to
provide cervical traction in patients with unstable cervical
spine injuries. Closed reduction of dislocations should be
carried out when the patient is awake and alert. This
requires serial neurologic examinations to ensure that no
additional injury is incurred during the reduction process.
Serial radiographs should also be obtained.

A rapid sequence induction with in-line cervical spine
stabilization with surgical airway standby is indicated. If a
preinduction arterial line cannot be placed, one should be
placed immediately following induction so that intraopera-
tive episodes of hypotension can be prevented, changes in
anesthetic depth detected immediately, and secondary
injury minimized. See Volume 1, Chapter 15 for additional
preoperative considerations.

In the patient with polytrauma, associated life-
threatening head, thoracic, and abdominal injuries should
be treated first. Spine precautions should be strictly followed
in any surgery done before spinal stabilization. Strict atten-
tion to pressure points is necessary in order to avoid skin
contamination related to positioning during surgery and in
the postoperative administration of splints and dressings.

Stable Patient, Unstable Cervical Spine (Awake
Endotracheal Tube, Awake Positioning)

For stable patients with acute cervical injuries requiring
cervical spine surgery, an awake fiber-optic intubation is
ideal because it allows intubation to occur without dis-
turbing spine alignment. Additionally, one can confirm
that no further injury has occurred postintubation and posi-
tioning for surgery by demonstration of an unchanged
neurologic examination. After the postintubation/postposi-
tioning neurologic examination is completed, an intravenous
induction can follow to allow the patient to go to sleep.
Succinylcholine should be avoided 24 to 48 hours following
SCI due to potential for exaggerated potassium release.

An arterial line should be placed preoperatively and
before manipulation of airway so that blood pressure can
be carefully monitored during induction. Phenylephrine, in
boluses or as a drip, should be immediately available to
maintain MAPs above 70 mmHg. Central venous access is
not necessary unless the patient has spinal cord shock. If a
central line is indicated for a patient with concomitant
head injury, some neurosurgeons prefer that the internal
jugular (IJ) vein not be connulated so that cerebral venous
drainage is not impaired (could lead to increased intracra-
nial pressure).

Stable Patient, Unstable Thoracic Spine [Awake Positioning,
General Endotracheal Anesthesia (GETA) 1/2 DLT]
A preoperative arterial line should be placed and used
during induction and while securing the airway. Keeping
blood pressure normal during induction or even a bit
elevated is important in maintaining spinal cord perfusion.
If the cervical spine is stable and awake positioning is not
required, a standard intravenous induction will suffice.
Succinylcholine is an appropriate neuromuscular blockade
drug unless 24 to 48 hours have elapsed since time of injury.

For thoracic injuries requiring anterior fixation
through a thoracotomy, lung separation provides improved
surgical conditions and should be considered. The
double-lumen tube (DLT) offers the advantage of differential
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lung ventilation and excellent suctioning capabilities, which
can be especially important in patients with concomitant
aspiration or lung injury. However, keeping a double
lumen in the trachea for more than 24 hours is not encour-
aged because the DLT tends to migrate in and out of position
and cause respiratory compromise that may be difficult to
diagnose by the ICU team. Accordingly, the DLT should
be exchanged for a single-lumen tube at the end of the
procedure whenever feasible. If a DLT cannot be placed
safely due to airway swelling, or blood loss requiring aggres-
sive fluid replacement and airway swelling is anticipated (at
the end of the case), a Univentw tube can be used instead of a
DLT at the beginning of the procedure. The Univent tube
does not require a postoperative tube change for patients
remaining intubated after surgery. If the planned procedure
involves an anterior approach followed by a posterior
approach in the prone position, a Univent tube should
be considered because a DLT is optimally removed and
changed for a single-lumen tube before placing the patient
in the prone position. For patients requiring awake fiber-
optic intubation because of a difficult airway, a Univent
tube can be placed fiberoptically and lung separation can
be achieved post induction. For a summary of anesthetic-
monitoring requirements for patients undergoing cervical
and thoracic spine surgery, see Table 3.

Current Strategies to Avoid Paralysis
Persistent spinal cord compression is a potentially reversible
form of secondary injury. Several animal studies have shown
benefits of early decompressive surgery, but there have been
no randomized prospective clinical studies to evaluate the
effect of surgery in humans (21). Current clinical studies
have provided conflicting data, some showing no benefit
from early surgery (8,46,47) and others showing a positive
effect (21,48,49). One area of conflict with these clinical
studies is the definition of early surgery. In some studies,
early surgery means decompression in less than eight

hours after injury, whereas in others it means decompression
in less than 72 hours.

Considering all the events that occur during the
secondary injury cascade, it is likely that the faster the
spinal cord can be decompressed, the greater the neurologic
benefit. Many surgeons have been reluctant to operate
urgently; however, because of a study that showed neuro-
logic deterioration with early surgery (50). A more recent
study, however, showed no increased morbidity or mortality
from early surgery (50). In a recent review of the literature, all
pertinent articles were classified based on the quality of the
study and the data presented (50). It was concluded that
there are no standards regarding the role and the timing of
decompression in acute SCI. On the basis of prospective, non-
randomized (class-2) studies, early surgery within 24 hours
was deemed to be safe. Numerous case series or retrospective
(class-3) studies indicate that there are data to support urgent
reduction of bilateral locked facets in patients with incom-
plete tetraplegia. Furthermore, there are limited data to
support urgent decompression for patients with SCI who
are neurologically deteriorating (51).

Definitive surgical treatment in individuals with liga-
mentous injury should be designed to re-establish spinal
stability and allow rapid mobilization. In case an anterior
subluxation or dislocation is present, an attempt at awake
controlled reduction should be performed if possible. If
this is not possible, then an anterior cervical diskectomy
should be performed, followed by reduction of the subluxa-
tion and stabilization of the anterior column with bone graft-
ing and cervical plating. The use of bracing and halos alone
in patients with ligamentous disruption often fails because
the soft tissues do not heal sufficiently to provide adequate
restraint and further subluxation often occurs. Fractures of
the facet joint are also often difficult to immobilize with
bracing and halos even after adequate reduction, and
surgery should be considered for those patients with a
neural deficit or progressive loss of reduction.

Table 3 Comparison of Anesthetic Techniques and Monitoring Requirements for Cervical and Thoracic Spine Surgery

Cervical spine Thoracic spine

A-line Yes, maintain MAP .70 Yes, maintain MAP .70

CVP þ/2, needed, use subclavian vein or

femeral vein (IJ may require neck

movement)

Recommended, as well as large-bore IV access

Airway Awake fiber-optic intubation and

positioning

Double-lumen tube vs bronchial blocker/
Univentw for anterior approach

Evoked

potentials

Either SSEPs or MEPs preferable to

wake-up test

Either SSEPs or MEPs preferable to wake-up test

Wake-up test Possible Possible

Blood loss Minor to moderate (2–4 Units) Often significant and occasionally massive; institute

red blood cell salvage techniques, monitor

coagulation factor, platelets, (rVIIa is occasionally

required to halt recalcitrant bone bleeding).

Positioning May require both anterior and posterior

approaches. May require awake

positioning

May require both anterior and posterior

approaches

Postoperative

airway issues

Periglottic tissue swelling due to local

manipulation. Halo may be placed

postoperatively

Generalized swelling due to massive fluid repla-

cement. May consider tube change if DLT was

used intraoperatively

Abbreviations: CVP, central venous pressure; DLT, double-lumen tube; IJ, internal jugular; IV, intravenous; MAP, mean arterial

pressure; MEPs, motor-evoked potentials; rVIIa, activated recombinant factor VIIa; SSEPs, somatosensory-evoked potentials.
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OVERVIEWOF INTRAOPERATIVE MANAGEMENT
AND MONITORING
Cervical Spine Surgery
The importance of continuous intra-arterial monitoring in
patients with spinal cord injuries has been emphasized
above; also see Table 3. Arterial pressures should be

maintained above 70 mmHg, and continuous oxygenation
ensured. Indeed, in a recent study by Harrop et al. (52),
delayed neurologic deterioration (24 hours–7 days post
injury), in patients with complete cervical cord injury, was
most commonly associated with sustained hypotension
and fracture dislocations. Furthermore, Yanagawa et al.
(53) found that rats made hypoxic for thirty minutes,
immediately following SCI, had more gray matter necrosis
eight weeks after injury. Spinal cord monitoring can
also guide blood pressure management because blood
pressure augmentation frequently improves the waveform
monitored.

For central venous access and pressure monitoring, the
subclavian vein is preferred because placement does not
require the neck to be turned (Table 3). An IJ vein line has
additional concerns in patients with concomitant head
injury, as some neurosurgeons believe that an IJ vein line
may impair venous drainage and lead to increased intracra-
nial pressure (ICP). Although blood loss is generally not
severe in cervical spine operations, good peripheral access
should also be obtained because the subclavian or femoral
venous access may sometimes become finicky in the prone
position (by chest rolls, frames, or other factors).

After induction, drug selection for the maintenance of
anesthesia hinges upon the type of spinal cord monitoring
used and the need for an intraoperative wake-up test.
Most anesthetics cause significant deterioration in spinal
cord monitoring (especially MEPs—see next section). If
intraoperative wake-up test is anticipated, a nitrous short-
acting narcotic technique with ,1 minimum alveolar con-
centration (MAC) sevoflurane allows for easy evaluation,
usually within 15 minutes once the sevoflurane and
nitrous are turned off. Maintaining a remifentanil infusion
will allow the patient to tolerate the ETT and minimize
unplanned patient movement during the wake-up test.

At the end of the procedure, the decision to extubate
depends upon the degree of swelling present in the face,
neck, tongue, and periglottic structures. Anterior neck
approaches may cause surrounding tissue trauma and
periglottic swelling as well as injury to superior laryngeal
nerve. If in doubt, it is best to keep the ETT in place and
extubate in the next day or two following evaluation with
FOB and accompanied with extubation over an airway
exchange catheter (AEC). Patients without any airway
swelling may still be difficult reintubations. For example, a
patient may be placed in a halo, making mask ventilation
and GETA difficult to impossible. These patients should
also have FOB and/or AEC-accompanied extubation.

Thoracic Spine Surgery
Blood loss can be significant and occasionally mas-

sive for both anterior and posterior thoracic spine
approaches. Accordingly, large-bore intravenous access
as well as central venous pressure monitoring is needed.
Red blood cell-salvaging techniques should also be con-
sidered. Blood products including fresh frozen plasma (FFP)
and platelets should be immediately available. Occasionally
massive oozing and blood loss continues from bone to such
a degree that a dilutional coagulopathy develops. Besides

the administration of standard blood products (packed red
blood cells, platelets, and FFP), we have occasionally resorted
to administration of recombinant activated Factor VII with
excellent reversal of coagulopathy. However, this treatment
has not been prospectively evaluated.

Drugs used to maintain anesthesia are dependent
upon the type of monitoring used. Blood pressure goals
are directed at maintaining spinal cord perfusion as is true
for cervical spine procedures. Minimally, an MAP of
70 mmHg is maintained in normotensive patients. Ideally
the MAP is kept within 10% of baseline, and phenylepherine
infusion is used to achieve this goal.

The decision to extubate will also be case-dependent.
Because of fluid replacement, generalized swelling and
third spacing may cause airway edema. If posterior stabiliz-
ation has been performed, prone positioning will increase
facial and airway edema and extubation should be done
with increased caution. If a patient has a double-lumen
tube, a laryngoscope or FOB can be used to assess swelling
in the periglottic tissues. If conditions are optimal, tube
exchange can be done under direct vision. If the conditions
are indeterminate, then a DLT can be changed using an
AEC. If conditions are poor, the double-lumen tube can be
left in overnight. An intubated patient can still be allowed
to awaken to perform a neurologic examination and then
sedation can be restarted. Sedation overnight can be accom-
plished with a propofol infusion and extubation planned in
the next 24 to 72 hours after swelling has subsided with
diuresis and head-up positioning.

SOMATOSENSORYANDMOTOR-EVOKED
POTENTIAL MONITORING
Basic Concepts
Few things are more devastating to the anesthesiologist than
waking up a patient and finding a new neurologic defect has
occurred during surgery. Accordingly, all measures available
that can preserve function and limit injury should be used.
Historically, a “wake-up test” was used after a significant
spinal adjustment to help prevent such complications.
However, Meyer et al. (54) found in their series of 295 patients
with acute thoracic and lumbar spine injury that 6.9% of the
patients who were unmonitored or solely had the wake-up
test developed new deficits. In contrast, only 0.7% of the
patients with SSEP monitoring developed new deficits.
Additionally, 4% of these SSEP-monitored patients did
show intraoperative changes, which altered subsequent
management. Neurophysiologic monitoring may also be
improved by adding MEP, a more sensitive monitor and
better predictor of postoperative motor function. In a series
of 100 patients with both somatosensory and motor-evoked
monitoring, patients with normal MEPs at the end of the pro-
cedure did not incur any new motor deficits, whereas three
patients with normal SSEPs did receive new motor deficits
(55). Although false negatives do occur, intraoperative
monitoring with SSEPs and/or MEPs represent the
optimum techniques for preventing injuries that may go
undetected or become permanent by the time a wake-up
test is performed.

Anesthesia and Somatosensory-Evoked Potentials
General Considerations
SSEP evaluates the signal response from electrical stimu-
lation of a peripheral nerve. The resulting SSEP travels up
the dorsal columns, to the cortex where recording occurs
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with surface electrodes on the scalp overlaying the cortex
(Fig. 2). SSEPs are usually generated at the posterior tibial
nerve or median nerve using at least 20 mA to obtain
optimal responses. The frequency of stimulation is import-
ant as well. The higher the frequency, the lower the ampli-
tude of the signal (56). The effort to obtain the optimal
signal by lowering frequency stimulation is balanced with
the desire to obtain as many signals as possible by increasing
the frequency. These raw signals are amplified and averaged
for many trials to reduce noise and to purify the target
signal. Using alternating unilateral signal generation is
advised because bilateral stimulation may allow unilateral
SCI to remain undetected in the presence of a normal
contralateral signal response (57). Stimulation of the
peripheral nerve also needs to be conducted at regular inter-
vals so that the intrapatient variability can be appreciated
and significant new changes timely assessed.

When examining the signal itself, the time from stimu-
lus to appearance of first positive peak (P1 latency) and first
negative peak (N1 latency) should be noted as well as the
difference in the amplitude of these two peaks (usually in
uV). Intraoperatively, baseline latency and amplitude
should be obtained before surgical manipulation and if
possible, even earlier before positioning the patient from
supine to prone. The pathologic cornerstone for spinal
cord monitoring lies in the confidence that if significant
stretching or compression of spinal cord structures or its
vascular supply occurs, the signal should be altered before
permanent damage occurs. An increase in latency by more
than 3 to 5 ms or 10% of baseline or a 50% decrease in inter-
peak amplitude should trigger an immediate assessment of
recent surgical or anesthetic events. The above are guide-
lines; as of yet, no prospective studies, only anecdotal
experience, have corroborated these criteria for intervention.

Often, the anesthesiologist, through the use of anes-
thetic drugs and control of hemodynamics, contributes to
the quality of the signal recorded. Volatile anesthetics increase
the latency and decrease the amplitude in a dose-dependent
manner. Most SSEPs are nearly abolished at .1.0 MAC. At

,0.5 MAC, most SSEPs are diminished but still recordable
and useful. Nitrous oxide decreases the amplitude by up to
50% but does not affect latency (Figs. 3A and 3B). Propofol,
thiopental, and midazolam all increase the latency and
decrease the amplitude of the signal although not as dramati-
cally as volatile anesthetics or in a fashion that precludes their
use. Narcotics, even at high doses, only slightly affect SSEPs,
increasing latency and decreasing amplitude. Etomidate is
unusual in that it neither increases latency nor decreases
amplitude. In fact, it increases the amplitude of the signal gen-
erated. Ketamine also increases SSEP amplitude. Although
muscle relaxants have no direct effects, they may improve
signal quality by reducing noise background generated by
muscle contraction.

Hemodynamic control is the second most important
factor under the direct control of the anesthesiologist.
Because spinal cord autoregulation is often deranged in

Figure 3 Cortical somatosensory-evoked potentials from a

patient undergoing anterior and posterior C5–C7 fixation

demonstrating the effects of nitrous oxide. In (A), the recording

is taken preincision. In (B), 60% nitrous oxide has been added.

Note that the amplitude (in uV) has been diminished about 50%,

whereas the latencies (in msec) of P1 and N1 are unchanged.

Figure 2 Cortical somatosensory-evoked potentials. Constant

current stimulation of the posterior tibial nerves at the ankle with

recording of the responses from the somatosensory cortex.

Abbreviation: SSEP, somatosensory-evoked potential. Source:

From Ref. 57.
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the setting of a traumatic injury, it is important to optimize
perfusion to the spinal cord by assuring adequate cardiac
output, blood pressure, and blood oxygen content. Subopti-
mal spinal cord perfusion may be the underlying culprit of
SSEP changes (Figs. 4A, 4B, and 4C) or may compound a
structural problem. Lastly, hypothermia results in an
increase in latency by delaying nerve conduction. Therefore,
it is important to maintain normalthermia, or mild
hypothermia. Temperatures should not be allowed to fall
below 35.58C.

Somatosensory-Evoked Potentials Technique of University of
California San Diego
Anesthetic techniques during SSEP monitoring vary from
institution to institution. At University of California San
Diego (UCSD), after securing the airway, a predominantly
narcotic-nitrous technique is supplemented with a volatile
inhaled drug at no greater than 0.5 MAC and nitrous oxide
,60% (Table 4). Muscle relaxants are administered freely
and by infusion if possible. If the patient’s blood pressure
is robust, a dexmedetomidine infusion (at 0.3–0.7 mcg/kg/
min) is added. Recent evidence suggests that dexmedetomi-
dine, at much larger doses may increase the SSEP latency
(58). However, we have found the SSEPs to remain robust
when dexmedetomidine is infused within this range.
Occasionally, in a patient with pre-existing neurologic defi-
cits, the quality of the SSEPs may be poor and further dam-
pened by the addition of nitrous oxide (Figs. 3A and 3B). In
these cases, ropofol may be substituted. When SSEP changes
are seen, the MAP must be assured to be above 70 mmHg
and, ideally, near preinduction values by administering
phenylephrine boluses or infusion as required. Indeed,
patients with spinal cord edema or impaired perfusion
may have critical perfusion pressure thresholds that can be
documented by SSEPs (Fig. 4A, 4B, and 4C). The underlying
goal is to deliver an anesthetic that is consistent and that
does not alter the quality of SSEPs.

Just like any other monitoring technique, SSEP
monitoring is only as effective as the quality of the signal

Figure 4 Cortical somatosensory-evoked potentials (SSEPs)

from a patient undergoing anterior T12–L3 fusion demonstrating

the effects of spinal cord perfusion. In (A), the mean arterial

blood pressure is 113 mmHg. In (B), approximately 90 minutes

later, the mean arterial blood pressure drops to 70 mmHg with a

60% reduction of amplitude (in uV). In (C), treatment is instituted

and the mean arterial blood improves to 87 mmHg with good

recovery of SSEP amplitude 20 minutes later.

Table 4 Somatosensory-Evoked Potentials Technique of

University of California San Diego

Anesthetic technique for SSEPs

Preoperative

Benzodiazepine and/or narcotic premedication OK

Induction

Narcotic

Etomidate or propofol

Muscle relaxant

Maintenance

Inhalation agent at ,0.5 MAC

Nitrous oxide up to 60%

Narcotic infusion

Consistent paralysis

If anesthesia is insufficient, may add:

Dexmedetomidine (loading: 1 mcg/kg/10 min, maintenance:

0.3–0.7 mcg/kg/hr)

Ketamine (10–30 ug/kg/min)

Propofol (50–100 ug/kg/min)

Abbreviation: SSEPs, somatosensory-evoked potentials.
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generated, the vigilance of the electrophysiologists, and the
willingness of the surgeon and anesthesiologist to respond
immediately. Finally, SSEPs by their very nature, do not
assess function of the motor tracts (which reside in the
anterior spinal cord).

Anesthesia and Motor-Evoked Potentials
General Considerations
Evaluating MEPs, although technically more challenging to
perform, is an attractive modality to supplement SSEPs
because descending motor tracts and specifically the
ischemia-sensitive anterior horn alpha motor neurons are
monitored using MEPs (Fig. 5). In the clinical setting,
electrical transcranial stimulation is used to generate the
MEP. When applying electrical transcranial stimulation,
standard EEG electrodes can be used on the scalp only if a
stimulator with high-voltage capacitor discharges is avail-
able to overcome the high resistance of the skull. MEP can
be recorded from leg muscles (anterior tibialis) or arm
muscles (deltoid) called myogenic MEPs, peripheral nerve
(sciatic) called neurogenic MEPs, or the epidural space
called epidural-evoked potentials. Myogenic MEPs seem to
be the most feasible in the OR because the muscle amplifies
the action potential. Myogenic MEP amplitude can be
further increased by using two or more stimuli in
succession at intervals between 2 to 5 ms, a phenomenon
known as “temporal summation” (59). An increase in
latency by ten percent, or a reduction of amplitude by
50%, could be a warning of spinal cord compromise.
Myogenic MEPs respond to spinal cord ishemia quite
briskly. In a study involving laboratory-induced spinal
cord ischemia in pigs, Lips et al. found that if MEP recovered
within ten minutes there was no histologic evidence of SCI.
If MEP recovery required more than ten minutes but less
then sixty minutes, there was histologic evidence of SCI
but not necessarily loss of motor function. If MEP did not
return to baseline after an hour, the animals were paraplegic

and demonstrated massive spinal cord infarction at autopsy
(60). MEPs are also very sensitive to perfusion pressures
and pre-existing motor deficits (Fig. 6).

Monitoring with MEPs is more challenging for the
anesthesiologist due to its far greater sensitivity to anesthetic
drugs compared to SSEPs. Inhalation drugs at concen-
trations far below 1 MAC can completely eradicate the
MEP and should not be used. Midazolam significantly
decreases the amplitude, eliminating its usefulness as a
premedication or intraoperative amnestic. Propofol, at high
dose, will decrease MEP amplitude, which precludes its
use as an induction agent, but it can still be used at lower
doses to maintain anesthesia (61,62). An induction dose of
thiopental also decreases MEP amplitude. Nitrous oxide at
60% results in a gentle 10% reduction of amplitude and
when combined with opioids, MEP can still be obtained
with only an additional 10% to 20% reduction in amplitude.
Etomidate and ketamine do not adversely affect MEPs and

Figure 5 The sites used for recording motor-evoked potentials

and accompanying terminology. After transcranial electrical

stimulation the motor cortex is activated. The signal travels along

the corticospinal tract and activates the anterior horn motor neuron.

Abbreviation: EP, evoked potential. Source: From Ref. 57.

Figure 6 Motor-evoked potentials from a patient undergoing

anterior cervical discectomy. This patient has marked motor

weakness on the left side. Note that in (A), channel 2 (recorded on

the left) has a diminished amplitude (in uV). In (B), with a

reduction in mean arterial pressure from 96 to 74 mmHg, this

difference is magnified.
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should be used whenever signal amplitude is becoming
impaired due to use of other anesthetic drugs.

Myogenic MEPs vary with levels of neuromuscular
blockade. Therefore, the level of blockade used must be
incomplete, constantly monitored, and frequently read-
justed. Optimal neuromuscular blockade administration
results when a servo-controlled feedback system, based
upon the train of four, is employed. Interestingly, epidural
MEPs do not diminish with muscle relaxants.

Motor-Evoked Potentials Technique of University
of California San Diego
At UCSD, we rely on an etomidate induction and infusion
supplemented with a nitrous-narcotic technique. The
nitrous oxide is maintained at 60% unless contraindicated
(pneumothorax, pneumocephalus, and post cardiopulmon-
ary bypass), and either fentanyl or sufentanil are the most
commonly employed opioids (Table 5). We omit inhaled
volatile drugs completely during MEP monitoring and use
a servo-controlled infusion pump with train-of-four feed-
back to deliver a steady level of vecuronium with T1
ranging between 30% and 60% of baseline. Valium 10 mg
orally (PO) is sometimes administered preoperatively, to
help prevent intraoperative awareness, as its effect on MEP
is minor compared to midazolam. A ketamine infusion is
added to those patients who do not seem adequately
anesthetized with the etomidate-nitrous-narcotic technique
alone. In our experience, dexmedetomidine (0.3–1.0 mcg/
kg/min) does not adversely affect MEPs. Therefore, if the
patient’s blood pressure is adequate (at least MAP
.70 mmHg) and the MEPs are robust, we often add a dex-
medetomidine infusion. We will omit dexmedetomidine if
blood pressure drops below 70 mmHg or the MEPs are
already weakened for any reason.

Although there is more clinical experience with SSEPs,
MEP monitoring is being used more widely and with more
confidence. We hope that combined use of both modalities
will reduce the incident and extent of neurologic injury fol-
lowing spinal surgery.

ANESTHESIA-RELATED COMPLICATIONS IN SPINE SURGERY

In addition to exacerbation of SCI and massive blood loss
(discussed earlier), there are several anesthesia-related
complications to avoid.

Airway Swelling
Sagi et al. (63) in their review of 311 patients with anterior
cervical procedures found that 19 (6.1%) experienced an
airway complication postoperatively. Six of these patients
required reintubation. They concluded that in patients
with repeat operations, procedures lasting more than five
hours, exposing three or more levels involving C2, C3, and
C4 and .300 mL blood loss were at higher risk for airway
compromise. The average time after surgery this event
occurred was at 25 hours; so keeping patient intubated over-
night does not completely avoid airway problems.

Prone Positioning
Blindness has been reported, due to ischemic optic

neuritis, following spine procedures in which periods of

hypotension were sustained, as well as for procedures in
the prone position (which may have added external ocular
pressure) (64–68). Another complication of prone posi-
tioning is the development of pressure necrosis involving
nose, forehead, or chin. To avoid this uncosmetic compli-
cation, we check eye and face of patient in the prone position
every fifteen minutes and document this attention in the
anesthetic record. The patient’s tongue can also massively
swell in the prone position especially if a large soft bite
block compressing the tongue base is placed (69).

Transcranial Motor-Evoked Potential Stimulation
There has been concern about delivering transcranial electri-
cal stimulation (TES) to generate MEPs. There have been no
case reports of seizure when TES has been used in MEP and
spinal surgery (70). There have been case reports of tongue
bite, lip laceration, and even mandibular fracture from
strong jaw contraction during stimulation (70).

EYE TOTHE FUTURE
Thoracoscopic Surgery and Immediate
Stabilization/Decompression
The field of spine surgery is constantly advancing. There are
several centers which now bypass the thoracotomy approach
to anterior thoracic spine fixation by relying on thoraco-
scopic techniques either in conjunction with a posterior
approach or as a stand-alone intervention. Although the
learning curve may be steep, patients may benefit by experi-
encing less postoperative pain and earlier return to preinjury
lifestyle (71). Although this technology might theoretically
decrease the amount of surrounding tissue trauma, it does
not address the primary concern, which is preservation of
neurologic function.

Table 5 Motor-Evoked Potentials Technique of University of

California San Diego

Anesthetic technique for MEPs

Preoperative

Diazepam 0.1 mg/kg PO, 30 min prior to induction

Can also give clonidine 3–5 mg/kg PO, 30 min prior to induction

(especially in opioid-tolerant patients), dexmedetomidine

Induction

Narcotic, titrate to apnea (sufentanil 1 mg/kg or fentanyl

10–15 mg/kg)

Etomidate 0.2–0.3 mg/kg

Succinylcholine

Maintenance

Nitrous oxide: O2 ratio 65:35%

Etomidate infusion 5–10 mg/kg/min

Etomidate boluses, as needed 0.1–0.2 mg/kg

Narcotic infusion (sufentanil at 0.5 mg/kg/hr or fentanyl

2–4 mg/kg/hr—titrate to patient needs)

Paralysis with vecuronium or rocuronium after postinduction MEP

confirmed and TOF feedback loop set up

If anesthesia is insufficient, may add:

Dexmedetomidine (loading: 1 mcg/kg/10 min, maintenance:

0.3–0.7 mcg/kg/hr)

Ketamine (10–30 mg/kg/min)

Abbreviation: MEPs, motor-evoked potentials.
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Immediate spinal column stabilization and spinal cord
decompression, based on magnetic resonance imaging or
computed tomography scanning may yield the best hope for
improving neurologic outcome (72). Recent studies demon-
strate this approach to be feasible with current technology,
but randomized trials are needed. Immediate image-assisted
operative management associated with SSEP and MEP
monitoring could further improve management.

GeneTherapy and Anti-inflammatory Drugs
There are many research laboratories furiously working
toward a molecular solution for spine and SCI. Possibilities
include gene therapy directed at promoting bone growth
and fusion by delivering adenovirus vectors, which
express genes from the bone morphogenetic protein family
(BMP). Gene therapy could also be used to increase the
expression of neurotrophic factors (73).

Currently, methylprednisolone is used to minimize sec-
ondary injury. However, methylprednisolone has so far failed
to provide any dramatic improvement in outcome. Indeed,
methylprednisolone has recently been shown to increase hos-
pitialization time and costs (74). Starting high-dose methyl-
prednisolone in the field may provide additional benefit; yet
this has not yet been studied prospectively.

Another strategy may be to target sodium channels,
which play an early role in the inflammatory process, with
a sodium-channel blocker such as riluzole (75). Additionally,
a recent study by Cassada et al. (76) demonstrated that a sys-
temic adenosine A2A agonist (ATL-146e) administered in the
first three hours following spinal trauma in a rabbit model
significantly improved neurologic outcome and decreased
histologic evidence of pathology.

The application of these and other novel anti-
inflammatory drugs should decrease the neurologic deterio-
ration caused by secondary injury. Early administration in
prehospital or resuscitation period may ultimately prove
most beneficial. The greatest hope still on the horizon is
the development of drugs and techniques that will
promote the regeneration of injured nerves and cell bodies
in the damaged spinal cord.

SUMMARY

Thirteen percent of SCI patients who reach the hospital alive,
die within the first year. The morbidity suffered by those
who survive is high (3). The average SCI patient spends an
average of 171 days in the hospital during the first two
years following an injury (77). The goal of the anesthesiolo-
gist is to prevent secondary injury by safely obtaining an
airway, providing intensive and meaningful monitoring,
and creating a vigorous hemodynamic milieu promoting
spinal cord perfusion with all the care and precision
required in handling this demoralizing injury for the
patient. To accomplish this, one must keep in mind that
the spine-injured patients often sustain concomitant head
injury, require special intubation techniques and intraopera-
tive spinal cord monitoring, and are at higher risk for
postoperative complications such as blindness and airway
obstruction. In this group of patients, the anesthesiologist
may be involved in wider aspects of care, from the trauma
resuscitation and management of neurogenic shock to
careful discussions with the surgical team and selection of
intubating methods and tubes.
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KEY POINTS

The thoracic spine requires much more violent trauma
to disrupt its integrity compared to the cervical spine.
Accordingly, it is common to have isolated cervical
spine injuries, whereas thoracic spine injuries are
often associated with other injuries to the thorax.
Following the initial mechanical disruption or contu-
sion of the spinal cord, secondary injury may occur. Sec-
ondary injury results from inflammation, edema,
microhemorrhages, and diminished capillary blood
flow to spinal cord at risk.
Respiratory distress can occur following SCI either due
to concomitant thoracoabdominal trauma, or secondary
to SCI itself.
Beyond the usual causes of hypotension and shock in
trauma patients, the SCI patient may be complicated
further by the presence of neurogenic shock.
All physicians caring for the patient should verify the
findings with their own examination. The examination
results should be documented in the anesthetic record.
Methylprednisolone is administered to all acute SCI
patients if diagnosed within eight hours of injury.
However, the data supporting its use is still controver-
sial.
Autonomic hyperreflexia (also known as autonomic
dysreflexia) is characterized as acute autonomic overac-
tivity in response to a visceral or cutaneous stimulus
below the level of the spinal cord lesion.
For stable patients with acute cervical injuries requiring
cervical spine surgery, an awake fiber-optic intubation
is ideal because it allows intubation to occur without
disturbing spine alignment.
For thoracic injuries requiring anterior fixation through
a thoracotomy, lung separation provides improved sur-
gical conditions and should be considered.
Arterial pressures should be maintained above
70 mmHg, and continuous oxygenation ensured.
Blood loss can be significant and occasionally massive
for both anterior and posterior thoracic spine
approaches.
Although false negatives do occur, intraoperative
monitoring with SSEPs and/or MEPs is the standard
of care for preventing injuries that may go undetected
or become permanent by the time a wake-up test is
performed.
Blindness has been reported, due to ishemic optic
neuritis, following spine procedures in which periods
of hypotension were sustained, as well as for pro-
cedures in the prone position (which may have added
external ocular pressure) (64,68).
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INTRODUCTION

The word abdomen is derived from the Latin abdere, to hide,
and the termination, omen, which may be a contraction of
omentum or omen in the sense of presage (insight was
said to be gained by the ancients during inspection of the
abdominal contents). The term has been attributed to
Celsus, and first appeared in the English literature in 1541
in a translation of Galen’s “Terapeutyke,” as l’abdomen (1).
Decision-making in abdominal trauma revolves around
determining if and when surgery is necessary to treat the
injuries sustained by organs and blood vessels lying within
this hidden cavity. Uncontrolled hemorrhage is the major
acute cause of death immediately following abdominal
trauma (2). The most common delayed cause of morbidity
and mortality following abdominal trauma is sepsis, typi-
cally resulting from initial contamination or missed injuries.
This chapter describes the management of abdominal
trauma relevant to emergency physicians, anesthesiologists,
and surgeons involved in resuscitation, intraoperative
management, and acute postoperative care.

ANATOMIC CONSIDERATIONS

Wound location and severity helps the clinician predict the
injured organs, magnitude of blood loss, and the expected
scope of surgery. The abdomen can be divided into four ana-
tomic compartments (Table 1): thoracic, peritoneal (true
abdomen), retroperitoneal, and pelvic spaces. In certain
clinical scenarios evaluation of these spaces may be difficult
by physical examination alone.

The intrathoracic abdomen lies beneath the rib cage,
and includes the diaphragm, liver, spleen, and stomach.
Surface anatomical landmarks demarcating the intrathoracic
abdomen include the region between the inframammary
creases to the costal margin. During exhalation (with both
spontaneous breathing and positive pressure ventilation),
the diaphragm may ascend to the third thoracic vertebrae.
Thus, a high association of intraabdominal injury occurs in
patients with blunt or penetrating injury to the lower
chest. The true abdomen contains the hollow viscera
(stomach, small bowel, and large bowel), the omentum,
gravid uterus, and occasionally the dome of the bladder

(e.g., when full). At the end inhalation (with both spontaneous
and positive pressure ventilation), the liver and spleen
descend and may be considered part of the true abdomen.
The pelvic abdomen is surrounded by the bony pelvis.
Pelvic fractures and other trauma to the pelvis may
injure these contents (Table 1). The bony surroundings of
the pelvis make diagnosis of injuries difficult without
additional procedures. Pelvic fractures often result in signifi-
cant retroperitoneal hemorrhage (Volume 1, Chapter 28). The
retroperitoneal abdomen contains the great vessels, kidneys,
segments of the colon, ureters, pancreas, as well as the
second and third portions of the duodenum. Ongoing hemor-
rhage or a missed injury to a hollow viscus is the greatest
concern following injury to the retroperitoneal structures.
Aortic and caval injuries typically present with hemorrhagic
shock, whereas renal, pancreatic, and duodenal injuries can
manifest several days following the trauma as subsequent
renal insufficiency, pancreatitis, or infection.

CLASSIFICATION OF INJURIES

Accurate categorization of abdominal injury expedites
workup and improves intraoperative management. Categor-
ization into blunt versus penetrating trauma is useful for
determining the likelihood of intraabdominal injury, identi-
fying the best diagnostic modality, and for predicting
morbidity and mortality.

Blunt Abdominal Trauma
Two types of forces are involved in blunt abdominal trauma:
compression and deceleration. Compression of the abdomi-
nal cavity against a fixed object such as a safety belt or steering
wheel results in rapid increase in intraluminal pressure,
which may in turn cause bowel rupture and tears or hemato-
mas of solid organs. Deceleration forces cause shearing and
stretching of junctions between fixed and mobile structures.
These forces typically result in injury to the mesentery, large
vessels, and solid organ capsule, such as a liver tear at the liga-
mentum teres. Solid organs, especially spleen and liver, are
most frequently injured following blunt trauma (Table 2).

An increased probability of intraabdominal injury
occurs when signs of seat belt trauma are present, such

as seat belt abrasion or hematoma of abdominal wall, or
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fracture of the lumbar spine (3). Seatbelts became widely
used in the 1960s and have led to a decrease in mortality due
to ejection from the vehicle. However, the seatbelt sign
has become an indicator that significant deceleration has

occurred, with the interface of deceleration forces occurring
at the locations where the belt contacts the patient. Echymo-
sis and abrasions on the neck and upper chest (secondary to
the use of shoulder harnesses) have been associated with
increased likelihood of cervical vascular injuries (4).
Additionally, the incidence of major intraabdominal injury
approaches 90% if the diaphragm is ruptured (5). Patients
with major pelvic fractures have an increased risk of intraab-
dominal organ and bladder injury. The incidence of intrab-
dominal organ injury increases in patients with pelvic,
chest, and head injuries ranging from 40% with single-site
trauma to 75% with trauma to all three locations (6).

Patients with severe blunt trauma must have
their abdomens evaluated for injury by an objective study
rather than physical exam alone in the setting of significant
competing pain and with altered mental status. The
most common objective techniques for evaluating
the abdomen include computed tomography (CT) scans,
focused assessment with sonography for trauma (FAST),
and diagnostic peritoneal lavage (DPL). If hemodynamically
stable, the diagnostic choices include CT scanning or
FAST exam (7). When hemodynamically unstable, but no
obvious indication for immediate surgery exists, the
abdomen may be initially evaluated by FAST or DPL
(discussed in detail subsequently).

Penetrating Abdominal Trauma
The size of the object impaling the abdomen as well as the
force transmitted to the organs determines the severity of
intraabdominal injury. Significant injury to intra-abdominal

Table 1 Anatomic Compartments of the Abdomen, Organs Contained, and Corresponding Diagnostic Studies with Perioperative

Considerations

Abdominal compartment Organs contained Diagnostic exam

Perioperative

considerations

Intrathoracic abdomen Diaphragm CXR, CT Possible thoracic injury

Liver CT, FAST, DPL Bleeding, coagulopathy

Spleen CT, FAST, DPL Bleeding, sepsis

Stomach: first part of

duodenum

CXR (free air), CT Peritoneal soiling

Pelvic abdomen Urethra RUG No foley until after RUG

Bladder Cystogram Urine output may be

misleading

Rectum Rectosigmoidoscopy Peritoneal soiling

Small intestine CT (with oral contrast) Increased fluid loss

Uterus, tubes, ovaries FAST, CT (shield if

gravid)

Bleeding, fetal demise,

infertility (late

complication)

Retroperitoneal abdomen Great vessels Arteriogram, CT, FAST,

venogram

Hypotension, massive

bleeding, compartment

syndromes

Kidneys and ureters CT, FAST, IVP Urine output may be

misleading

Pancreas CT Missed injury, pancreatitis

Duodenum: second and

third parts

CT (with oral contrast) Postoperative gastric

outlet obstruction

True abdomen Small intestine CT (with oral contrast) Fluid losses, missed injury

Large intestine CT (with oral contrast) Peritoneal soiling

Gravid uterus FAST (avoid radiation) Fetal monitoring issues,

C-section

Abbreviations: CT, computed tomography; C-section, cesarean section; CXR, chest radiograph; DPL, diagnostic peritoneal lavage; FAST, focused assessment

with sonography for trauma; IVP, intravenous pyelogram; RUG, retrograde urethrogram.

Table 2 Frequency of Organ Injury Following Blunt and

Penetrating Abdominal Trauma

Organ injured Blunt trauma (%)

Penetrating trauma

(%)

Liver 30 37

Spleen 25 7

Small bowel ,1 26

Stomach ,1 19

Colon ,1 17

Vascular 2 13

Retroperitoneal

hematoma

13 10

Kidney 7 4

Urinary bladder 6 ,1

Mesentery and

omentum

5 10

Pancreas 3 4

Diaphragm 2 5

Urethra 2 ,1

Duodenum ,1 2

Biliary system ,1 1
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structures occurs 80% to 90% of the time following a gunshot
wound. With stab wounds, significant intraabdominal injury
occurs only 25% to 35% of the time. The magnitude of injury
resulting from a projectile is directly related to its kinetic
energy as well as its composition, which affects its tendency
to fragment or yaw (Volume 1, Chapter 2). The incidence of
organ injury with penetrating trauma is directly related to the
volume occupied by the organ. Bowel, liver, and major vascular
injuries predominate following penetrating abdominal trauma
(Table 2). Given the location of the diaphragm during exhala-
tion, penetrating injuries should be assumed to have entered
the abdomen when wound sites are at or below nipple level.

PREHOSPITAL CARE

The airway is assessed for patency, and oxygen is adminis-
tered immediately upon arrival of the emergency medical
service. The airway must be considered first during initial
evaluation, as loss of the airway for longer than three to
four minutes may result in brain injury or death. If the
patient has respiratory failure, the trachea should be
intubated. Maintenance of adequate gas exchange is the
fundamental responsibility of the paramedic arriving at the
scene (Volume 1, Chapters 3, 8, and 9). Airway issues and
complications are summarized in Table 3 (refer to Volume
1, Chapter 9 for complete review of airway issues for trauma).

Placement of two large bore upper extremity intrave-
nous (IV) catheters should occur immediately after securing
the airway. However, excessive time should not be wasted at
the scene attempting to establish IV access in the patient
(Volume 1, Chapter 10). Administration of IV fluid in the
form of crystalloid prior to arrival in the operating room
(OR) should proceed as necessary to maintain a systolic
blood pressure of at least 90 to 100 mmHg, which ensures
adequate perfusion of the major organs. Some controversy
remains regarding how much, if any, crystalloid should
be given. Indeed, one study reported that trauma patients
receiving IV crystalloid resuscitation prior to the OR
had a lower survival compared to those receiving no
fluid or “delayed resuscitation” (62% versus 70%) (8).
Other studies assessing the utility of hypertonic saline and
colloid solutions have not demonstrated a clear benefit. See
Volume 1, Chapter 11 for a complete review of these issues.

After addressing the trauma patient’s airway, breathing,
and circulation (ABC), the prehospital effort is focused upon
minimizing the transport time. Abdominal wound care
should include placement of sterile dressings over injuries
and applying pressure to actively hemorrhaging areas. In
the event of bowel evisceration, saline-soaked dressings
should be used to cover the organs to minimize evaporative
losses and tissue desiccation. Imbedded foreign bodies are
not to be removed. The use of military antishock trousers for
abdominal trauma has been curtailed during the last decade.

HOSPITAL RESUSCITATION AND DIAGNOSIS

Once the patient arrives at the hospital, the “primary
survey” is initiated according to the ABCDEs as outlined
by Advanced Trauma Life Supportw (ATLSw) (Volume 1,
Chapter 8). This includes confirmation that the endotracheal
tube is indeed in the trachea and verification that IV access is
established. If these procedures have not been successfully
completed in the field they may be definitively accom-
plished before proceeding further with the resuscitation.
The next focus becomes resuscitation, identification of
injuries, stabilization, and decision making regarding need
for emergent operation or urgent radiographic evaluation.
The patient is briefly, but completely, exposed to ensure all
injuries are identified, including those on the back.

History and Physical Examination
Historical information is accepted from the paramedics,
police, or bystanders transporting the patient, as well as
from the patient (if conscious and lucid). Important infor-
mation includes the circumstances and mechanism of
injury. For example, did the patient lose consciousness just
prior to the accident? Was there drug paraphernalia
present? What was the ambient temperature during the acci-
dent? Patients with abdominal scars should be queried
regarding type of prior surgery. Patients with altered
mental status should have rapid blood glucose checked for
hypoglycemia, and a trial of naloxone should be considered
for those patients with putative signs of opioid overdose.

The abdominal exam proceeds in an orderly fashion,
with the recognition that abdominal findings may range

Table 3 Airway Complications to Avoid in Abdominal Trauma

Complication Comments

Failure to supplement O2 Supplemental O2 via facemask should be instituted quickly; failure to do so promotes

hypoxemia and worsens prognosis

Failure to intubate/ventilate Evaluate airway: if predictably difficult, consider awake intubation (Volume 1, Chapter 9)

Esophageal intubation Problem of recognition, not commission; an ETT placed in the field must verified by the

trauma team

Aspiration There is increased risk of aspiration following abdominal trauma, compelling use of RSI;

however, if the patient is both cooperative and hemodynamically stable but thought to

have a difficult airway; consider awake intubation

Hemodynamic compromise Always start an IV and have fluids and pressors handy prior to intubating the trachea

Conversion of partial into a

complete airway obstruction

Maintain spontaneous ventilation in the stridorous patient, have surgical airway supplies

and TTJV available prior to intubation

Exacerbation of cervical spine

injury

With blunt abdominal trauma (and penetrating trauma with C-spine proximity) the C-spine

must be immobilized with inline stabilization

Abbreviations: C-spine, cervical spine; ETT, endotracheal tube; IV, intravenous; RSI, rapid sequence induction; TTJV, trans tracheal jet

ventilation.
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from absent to immediate peritoneal irritability from stomach
or colon perforation. Associated injuries may mimic perito-
neal signs, such as lower rib fractures and abdominal wall
contusions, or distract the patient from abdominal com-
plaints, such as extremity and pelvic fractures. The abdominal
exam is notoriously unreliable in the presence of head injury,
shock, hypoxia, metabolic derangements, and intoxication.

Rectal and bimanual vaginal examination is important to
identify possible injury, bleeding, and assess neurogenic tone.
The Cullen sign, or periumbilical ecchymosis, and Grey–
Turner sign, or flank ecchymosis, may indicate retroperitoneal
injury, but usually this takes several hours to develop. Con-
sideration of heat loss, hypothermia or hyperthermia, should
be made as the temperature is occasionally not taken during
the initial resuscitation.

Hemodynamic instability, such as persistent hypoten-
sion despite at least 2 L crystalloid administration, during
the initial workup of abdominal trauma should trigger
strong consideration for immediate blood transfusion and
transfer to the OR for further evaluation, or exploratory
laparotomy. Hypotension and shock following trauma in a
patient with a normal chest radiograph, and without a
large scalp laceration or major extremity injury is due to
intraabdominal or retroperitoneal bleeding until proven
otherwise. An initial cross match for four to six units of
packed red blood cells should be ordered at this time, and
type O Rh-positive or Rh-negative (for women of child-
bearing age) or type-specific blood should be utilized in
the meantime if needed (Volume 1, Chapter 11 and Volume
2, Chapter 59). Patients with unreliable physical examination
may require further diagnostic evaluations prior to surgery.

Laboratory Studies
Admission and preoperative lab requirements may vary
between institutions, but extensive initial laboratory evalu-
ation is unnecessary and should be limited to a few tests.
These include hematocrit, serum chemistry, and coagulation
studies. With evidence of midabdominal trauma, where pan-
creatic trauma is considered, lipase and amylase should be
sent with initial studies (see Volume 2, Chapter 39). An arter-
ial blood gas may be obtained for evaluation of oxygenation,
ventilation, and perfusion. If the patient is hypotensive
during resuscitation or has an admission base deficit �26,
blood type and screen is indicated as transfusion is likely
to be required. Rectal blood is assessed with a hemoccult
test. Urinalysis for detection of hematuria is also obtained.
When indicated, blood or urine ethanol and toxicology
screens should be performed for correlation with mental
status.

Diagnostic Studies
Diagnostic modalities are selected on the basis of clinical infor-
mation and guidelines, including the mechanism of injury,
history and physical examination, and the hemodynamic
state of the patient. A comparison of the various diagnostic
studies along with organs injured is summarized in Table 1.

Chest Radiograph
The chest radiograph is usually the first study performed
during the trauma resuscitation as it provides important
information for both chest and abdominal injuries. Thoracic
bowel gas, a displaced nasogastric tube, or disruption of
normal diaphragmatic contour may indicate a ruptured dia-
phragm. Diaphragmatic rupture is associated with other
major abdominal injuries approximately 90% of the time.

The presence of free air under the diaphragm following
blunt trauma indicates bowel perforation. Splenic injury
should be suspected in patients with left lower rib fractures,
while patients with right lower rib fractures are likely to have
an associated hepatic injury (9). The chest radiograph
should verify the endotracheal tube is 3 to 4 cm above the
carina in the intubated patients; and should be scrutinized
for pneumothorax, hemothorax, pulmonary contusion,
aspiration, and widening of the mediastinum.

Pelvis Radiograph
A radiograph of the pelvis is used in blunt abdominal trauma
to rule out a pelvic fracture. These injuries are important to
detect as posterior element fractures are associated with retro-
peritoneal hemorrhage, whereas anterior element fractures
are associated with genitourinary injuries. An abdominal
radiograph can help in patients with penetrating trauma, as
it may delineate the trajectory and final location of the mis-
siles, facilitated by placement of radioopaque markers on
the wound entrance and exit sites.

UltrasoundçFocused Assessment with Sonography
for Trauma Exam
Ultrasound is rapid, noninvasive, and sensitive for visualiz-
ing free intraperitoneal fluid and pericardial fluid (10). In the
context of traumatic injury, free fluid is usually because of
hemorrhage. Ultrasound can also detect certain solid organ
injuries and is the initial imaging modality of choice for
pregnant trauma patients (11). Ultrasound can be performed
during the resuscitation, facilitates rapid, noninvasive, serial
examinations, and is cost-effective.

Although widely used for trauma in Europe in the
1970s and 1980s ultrasound was formally introduced in
the United States in the early 1990s as a quick and noninva-
sive method to screen for intraabdominal injury after
blunt trauma. Use of the ultrasound in this way has been
termed the FAST (11–14). Seven years after the first
reports in the United States on ultrasound in trauma, 79%
of surveyed level I trauma centers had incorporated FAST
examination into their trauma resuscitation, and 63% of
the remaining centers were developing protocols to use
FAST examination in the evaluation of blunt abdominal
trauma (12). Use of the FAST examination has decreased
the need for DPL and subsequent exploratory laparo-
scopy/laparotomy (13,14). Additionally, many centers use
the FAST examination as a screening tool to decrease the
use of CTscanning (15,16). Recently, the ATLS Subcommittee
of the American College of Surgeons, Committee on Trauma
has suggested an increased role for FAST examination in the
evaluation of suspected BAI in hemodynamically stable
trauma patients and in the initial evaluation of patients
with pelvic fractures (17).

The FAST examination surveys four anatomic
areas for free fluid: (i ) perihepatic, (ii) perisplenic, (iii )

pelvis, and (iv ) pericardium. Despite the widespread
acceptance of the FAST examination, some have questioned
its utility in the evaluation of blunt abdominal trauma
because the FAST examination may miss certain injuries (18).

Drawbacks of the FASTexam include poor visualization
of hollow structures such as bowel and organs behind air
density interfaces. Intraabdominal injuries in which there is
no free fluid, such as contained solid organ hematomas
and lacerations may be missed. Important retroperitoneal
bleeding may also be difficult to detect with the FAST exam.
Finally, ultrasound does not differentiate free intraperitoneal
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blood from ascites which may result in false positives.
Thus, understanding the limitations guides decision-making
regarding additional testing (e.g., CT scanning) or operative
examination (see Diagnostic Peritoneal Lavage section).
Finally, transesophageal echocardiography can be particularly
helpful in diagnosing pericardial, intracardiac, and aortic
lesions following abdominal–thoracic trauma (19).

Diagnostic Peritoneal Lavage
DPL was introduced in 1965, and is highly sensitive for
intraabdominal injury (20). The procedure has largely been
replaced by ultrasound as it is invasive and time-consuming
(21). Furthermore, many believe DPL is overly sensitive,
thus leading to a higher percentage of nontherapeutic
laparotomies with subsequent morbidity (22). Table 4 sum-
marizes indications, contraindications, and criteria for a
positive DPL. If the aspirate returns 5 to 10 cm3 of blood,
the study is positive. If not, 1 L of warm normal saline is
infused into the peritoneal cavity. Once in the abdomen,
the bag is lowered to the floor allowing the intraperitoneal
fluid to siphon back into the bag. DPL may miss diaphrag-
matic, retroperitoneal, bladder, and bowel injuries. False
positive results from a DPL are typically a result of
iatrogenic bleeding from the DPL incision.

Computed Tomography
CT has been used to evaluate the abdomen of hemodyna-
mically stable trauma patients since 1981, and is parti-
cularly useful in identification of hemoperitoneum, solid
organ, and retroperitoneal injury (23). A complete abdomi-
nal CT scan traditionally utilizes both enteral and parent-
eral contrast. However, several studies report omission of
oral contrast medium did not jeopardize making the essen-
tial diagnoses, and significantly shortened time to scan (24).

CT is particularly good for the detection and grading
of discrete injuries to liver, spleen, and retroperitoneal

structures. It is also the best technique for evaluating
the abdomen in patients with concomitant injuries to the
chest or pelvis (25).

Drawbacks of abdominal CT include the requirement
for patient transport to the scanner, exposure to IV contrast
and radiation, relative expense, and time. Thus abdominal
CT is less suitable for unstable trauma patients and those
with renal insufficiency or contrast allergy. Abdominal CT
can occasionally miss injuries to the diaphragm, bowel,
and mesentery. However, the newer helical CT scanners
allow extremely fast scans and higher resolution. It is
likely future trauma resuscitations will involve early total
body CT scanning in units located within, or adjacent to,
the resuscitation suite.

Diagnostic Laparoscopy
Diagnostic laparoscopy (DL) provides direct visualization of
active hemorrhage, solid organ, and bowel injury in a less
invasive fashion than laparotomy. It has reduced the fre-
quency of negative trauma laparotomies (26). However, DL
is cumbersome for running the small bowel and does not
visualize the dome of the liver or retroperitoneal structures.
Complications of DL include trocar misplacement with
damage to bowel, bladder, solid organ, or vascular struc-
tures (27). Insufflation of carbon dioxide may create a
tension pneumothorax in the presence of diaphragmatic
tear, subcutaneous emphysema (with preperitoneal insuffla-
tion of gas), or IV gas embolism with solid organ or venous
injury. Unstable patients may not tolerate the pneumoperito-
neum, which results in decreased venous return and cardiac
output. Furthermore, the increased airway pressure may
confound diagnosis of pneumothorax. However, minimally
invasive DL techniques involving a single 5 mm port
and minimal abdominal insufflation at 8 to 10 mmHg
may cause less physiologic perturbation during general
anesthesia (28).

Table 4 Specific Indications, Contraindications, and Positive Values for Diagnostic Peritoneal Lavage

Indication Comments

Altered mental status Due to any source of CNS dysfunction, including: head trauma, intoxication, hypothermia,

metabolic derangement

High energy transfer, but equivocal exam High-speed MVA, fall from a height, MCA, BCA, auto versus pedestrian

Multiple injuries with unexplained shock In the absence of head laceration, obvious extremity deformity or bleeding, and the

presence of a normal CXR, bleeding is in the abdomen until proven otherwise

Noncontiguous or thoracoabdominal injuries Abdominal hemorrhage must be controlled, prior to allowing orthopedic fixation, and

concomitantly with repair of head or chest injuries

Spinal cord injury The abdominal examination is meaningless when enervation is severed

Scheduled for prolonged general

anesthesia for repair of other injuries

Inability to serially examine the abdomen, and possibility of confounding blood loss issues

Contraindications Relative

Prior abdominal surgery; pregnancy;

morbid obesity; obvious need of surgery

These patients should undergo CT or immediate operation

Positive DPL Comments

RBC .100,000/mm3 .1000/mm3 positive (penetrating)

WBC .500/mm3 Bloody or pink lavage also positive

Amylase .200 U/L Bile, GI contents also positive

Abbreviations: BCA, bicycle accident; CNS, central nervous system; CT, computed tomography; CXR, chest radiograph; DPL, diagnostic peritoneal lavage;

MCA, motor cycle accident; MVA, motor vehicle accident; RBC, red blood cell count; WBC, white blood cell count.
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Exploratory Laparotomy
Exploratory laparotomy is the ultimate diagnostic modality
and its indications for abdominal trauma are listed in
Table 5. Additional indications include significant bleeding
via the nasogastric tube or rectum, ongoing bleeding
from an unknown source, and stab wounds with known
vascular, biliary, or bowel injury. Surgical priorities during
laparotomy are as follows: (i) locate and control hemorrhage,
(ii) locate bowel injury to control fecal contamination,
(iii) identify injuries to other abdominal organs and struc-
tures, and (iv) repair damage to organs and structures
(Volume 1, Chapter 21).

Emergency Thoracotomy
An emergency resuscitative thoracotomy may be considered
for penetrating abdominal trauma patients who lose their
vital signs shortly before or after arrival to the emergency
department, or who present with uncontrollable hemor-
rhage from the wound (29,30). A left anterolateral approach
is used to facilitate proximal aortic control and open cardiac
massage. Because of dismal survival rates, emergency thora-
cotomy is rarely indicated for blunt trauma patients except in
the case of pericardial tamponade detected with ultrasound.
The reader is referred to Volume 1, Chapter 13 for a definitive
review of resuscitative thoracotomy.

Other Diagnostic Procedures
Proctosigmoidoscopy should be performed for suspected
rectal or sigmoid colon injury and may be performed
rapidly and with minimal or no sedation. As this is an
unprepared examination, visualization may be limited.
Full-thickness tears, hematomas, or sites of active arterial
bleeding are indications for prompt surgical exploration.
Retrograde urethrogram should be considered for patients
with pelvis fracture, symphysis pubis diastasis, blood at
the urethral meatus, and prostate displacement.

ANESTHETIC AND SURGICAL IMPLICATIONS
OF SPECIFIC ORGAN INJURY
Solid Organ Injuries
The liver is the most commonly injured organ from blunt
trauma, and is the most common abdominal injury resulting
in death. Early death is because of hemorrhage, and late
death is because of sepsis (31). Clinical findings suggestive
of liver injury following blunt trauma include fractures of
the right lower ribs, elevated right hemidiaphragm, right
pleural effusion, pneumothorax, and right upper quadrant
tenderness. Nonoperative management is now the

initial treatment of choice for hemodynamically stable

patients with isolated blunt liver trauma, with success
rates approaching 95%.

The spleen is the second most commonly injured
abdominal organ via blunt trauma and is frequently
injured following penetrating trauma to the left thorax or
abdomen. Hypotension from hemorrhage is the most
common initial finding. Splenic injury should be suspected
in patients with left lower rib fractures, left upper quadrant
tenderness, or left shoulder pain. With splenic injury, there
exists a significant incidence of additional intraabdominal
damage following blunt or penetrating trauma (32).

Nonoperative management is practiced for solitary
splenic injuries in hemodynamically stable patients. Splenic
preservation is practiced when able for both adult and pedi-
atric trauma, however debate exists regarding the minimal
amount of residual spleen required to confer immunity
against encapsulated organisms. Overwhelming postsplenect-
omy sepsis (OPSS) can occur because of loss of immune
responses, and subsequent pneumococcal infections carry an
associated 80% mortality. Therefore, polyvalent pneumococcal
vaccine must be given postoperatively (33).

Blunt pancreatic injury is usually due to an antero-
posterior compression mechanism that crushes the pancreas
against the vertebral column. Physical findings include
burning epigastric and back pain, tenderness, or ileus. Labora-
tory findings may include elevated amylase and lipase. CT is
the gold standard for evaluation of pancreatic injury.

The kidney is commonly injured following deceleration
injuries and can bleed extensively into the retroperitoneal
space. Renal injury is suspected with hematuria, fractures
of lower posterolateral ribs, or flank pain and tenderness.
Diagnosis may require ultrasound, CT, IV pyelogram, and
angiogram if renal vascular injury suspected.

Hollow Organ Injuries
Injury to the stomach is commonly caused by penetrating
trauma. The most common initial finding suggestive of
gastric injury is blood via the mouth or nasogastric tube.
Symptoms include the rapid onset of epigastric pain and
peritonitis due to release of gastric contents into the perito-
neum. Radiographic findings include free air under the dia-
phragm on abdominal or chest films, displaced nasogastric
tube, or extravasation of oral contrast medium.

The small bowel is the most frequently injured hollow
organ in penetrating trauma as a result of its relative volume,
followed by stomach, then colon. Making the diagnosis
of blunt injury to the small bowel, without exploratory
laparotomy, is difficult. Elevated amylase and alkaline
phosphatase in the DPL fluid is highly suggestive of small
bowel injury (34). CT findings suggestive of small bowel
injury include bowel wall thickening, free intraperitoneal
air, free fluid without evidence of solid organ injury and
mesenteric hematoma. Small bowel injury may present
with only vague generalized pain, with peritonitis after
many hours. Duodenal injury may present with referred
pain to the back.

Colon injuries are common after gun shot wounds,
and less so following blunt trauma. Symptoms of bowel
injury are usually caused by spillage of intestinal contents
rather than from blood loss. Peritonitis occurs more fre-
quently with colon injuries than small bowel injuries due
to the increased bacterial contamination.

Table 5 Indications for Exploratory Laparotomy

in Abdominal Trauma

Unexplained hypotension or shock

Uncontrolled hemorrhage

Signs of peritonitis

Gunshot wound to abdomen

Ruptured diaphragm

Pneumoperitoneum on admission CXR

Evisceration of bowel or omentum

Abbreviation: CXR, chest radiograph.
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Abdominal Vascular Injuries
Patients with abdominal vascular injury usually present with
profound hemorrhagic shock. The large bore IV catheters are
preferably located in the upper extremities to avoid fluid loss
to the abdomen. On rare occasions, the surgical incision may
need to be extended to a median sternotomy, and vascular
control is obtained at the intrapericardial inferior vena cava.
Saphenous vein cutdown lines or femoral venous catheters
must not be relied upon with significant intraabdominal
trauma, as inferior vena cava injury or clamping may be
necessary. This results in a 60% decrease in venous return
and subsequent hemodynamic deterioration. Concurrent
clamping of the abdominal aorta has been suggested as a
temporizing measure to maintain perfusion pressure.

Retroperitoneal Injuries
The retroperitoneum is a hidden area of the abdomen, not
readily evaluated by physical exam or DPL. Major retroperito-
neal structures include the great vessels, pancreas, kidneys
and ureters, and the second and third portions of the duode-
num. When trauma to this area is likely, CT should be used for
evaluation (refer earlier discussion and Volume 1, Chapter 16).
Retroperitoneal hematoma formation from active pelvic bleed-
ing may require placement of external fixation or angiography
to evaluate and treat with embolization (24).

Rupture of the Diaphragm
Diaphragmatic rupture is seen in 2% to 3% of patients with
blunt abdominal trauma. Left hemidiaphragm rupture
occurs in 70% to 75% of injuries, presumably because of
protective effect of the underlying liver on the right. The diag-
nosis of diaphragmatic rupture can be made on radiographs
by finding a displaced nasogastric tube, interruption of the
normal diaphragmatic contours, and intrathoracic displace-
ment of intraabdominal contents. When the chest radiograph
is taken during mechanical ventilation, the abdominal con-
tents may revert to near normal position, thus masking the
injury. DPL is unreliable for diagnosis, although drainage of
peritoneal lavage fluid via thoracostomy tube is definitive.
A delay in diagnosis of diaphragmatic tear contributes signifi-
cantly to morbidity and mortality, and gastric herniation
places the patient at increased risk of aspiration.

Pregnancy
Trauma is the leading cause of nonobstetric death in women
between the ages of 14 and 44 years (Volume 1, Chapter 38).
Fetal injury and death following blunt and penetrating
abdominal trauma is common, as the gravid uterus displaces
viscera and acts as a shield. Aggressive maternal resusci-
tation remains the best chance for fetal survival. Indeed,
the major cause of fetal death is maternal death. The fetal
mortality approaches 80% in cases of maternal shock
(35,36). When the mother survives, the major cause of fetal
death is complete (6–66% of cases) or incomplete (30–80%
of cases) placental separation (37). Other common causes
of fetal demise and peripartum hemorrhage include:
uterine rupture, blunt trauma to the fetus, amniotic fluid
embolis, and disseminated intravascular coagulation (DIC).

Ultrasound should be performed as soon as possible
to detect trauma to the uteroplacental unit, which may
lead to fetal–maternal hemorrhage and alloimmunization
of a Rh-negative mother against a Rh-positive fetus. A
Kleihauer–Betke test should be performed if this type of

injury is suspected, and Rh immune gamma globulin
should be administered.

Another potential injury is amniotic fluid embolus,
which may lead to cardiopulmonary arrest, inflammation,
and overwhelming DIC. Under these circumstances, cesarean
section should be performed as soon as possible. Limited data
is available to support postmortem cesarean section in preg-
nant trauma patients suffering a cardiac arrest for hypovole-
mic shock (38). Postmortem cesarean section has been
occasionally successful if performed within 5 to 10 minutes
of maternal death for causes other than hypovolemic
traumatic shock (39).

If cardiac arrest occurs in the first half of gestation, the
purpose of cardiopulmonary resuscitation (CPR) is to resusci-
tate the mother and delivery of the fetus in this period of ges-
tation may not improve the mother’s chances of survival.
However, after 24 weeks of pregnancy there is data to suggest
that delivery may actually improve maternal survival (40–42).

An extensive literature review by Katz suggests that a
patient beyond 24 weeks gestation cannot be resuscitated
without delivery (43). He suggested that the delivery be
called perimortem cesarean section and emphasized its
urgency. The data in this article supports the “Four Minute
Rule.” The cesarean section should be started within four
minutes of cardiopulmonary arrest and the baby delivered
by the fifth minute (Volume 1, Chapter 38).

COMBINED INJURIES
Abdomen and Head Injuries
Abdominal evaluation in patients with severe head injury
and hemodynamic instability is best accomplished by
FAST exam or DPL (44). The decision to proceed with
immediate laparotomy in the unstable patient with head
injury can be based upon these results (45). If free intraperi-
toneal blood is detected, intraabdominal injury is assumed.
After laparotomy, the stabilized patient may then undergo
head CT. However, immediate head CT scan should
precede laparotomy for patients demonstrating signs of
herniation, flexor or extensor posturing, and who respond
to initial resuscitation (46). The helical CT scan allows a com-
bined head, chest, and abdomen CT scan to be obtained
in about 10 minutes. If both the head and abdomen CT
demonstrate an operable lesion, then cranial and abdominal
operations should occur concomitantly.

Abdomen and Chest Injuries
Life-threatening hemorrhage is common in major thoraco-
abdominal trauma. Resistant hypoxemia from rib fractures,
chest wall, and pulmonary contusion may necessitate
intubation and ventilation. The unreliability of physical
examination, thoracostomy output, and predicting bullet
trajectory must be kept in mind. Intraoperative clues of
ongoing hemorrhage, such as occult intercostal artery
laceration, retroperitoneal hemorrhage, and other causes
outside of the operative field must be sought when patients
experience unexplained deterioration.

Abdomen and Pelvic Fracture or Extremity Injuries
The chief concerns in concomitant pelvic, extremity, and
abdominal injuries are that of persistent retroperitoneal
hemorrhage and increased risk of deep venous thrombosis
(47,48). The presence of abdominal pain or tenderness is
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associated with a higher incidence of intraabdominal injury,
but the lack of these findings does not preclude injury in the
presence of concomitant extraabdominal injury with com-
peting pain (49). Thus, definitive investigation with abdomi-
nal CT, DPL, or laparotomy is necessary to rule out
intraabdominal injury in these patients. Hypotension in the
patient with pelvic fractures should trigger consideration
for retroperitoneal hemorrhage possibly requiring angio-
graphic evaluation and therapy. Furthermore, blood loss in
these patients may be significant and not evident on initial
hematocrit, and early transfusion is indicated.

PREPARATION FOR ANESTHESIA AND SURGERY

Much of the preparation for surgery may have already been
completed during the initial hospital resuscitation and
workup of the abdominal trauma patient. However, the
anesthesiologist may enter the resuscitation or evaluation
process at any stage, and must verify that all of the important
work performed up until that point has been done correctly,
including a survey of ABCs, IV access, laboratory data,
cardiopulmonary monitoring, and positioning issues.

Establishing or Confirming Presence
of Definitive Airway
Establishing or confirming a definitive airway is the first
priority. Rapid sequence induction and intubation is gener-
ally indicated. However, as noted in Table 3, for patients
with anatomic or historical indicators of difficult intubation,
consideration should be given for “awake” intubation, pre-
ferably utilizing a fiberoptic bronchoscope (FOB). The FOB
can be safely used for intubation even in patients with full
stomachs following trauma. Indeed, one study described
108 consecutively intubated patients at high risk for aspira-
tion using an awake FOB technique without a single case
of aspiration (50).

Intravenous Access
At least two large bore peripheral IV catheters must be estab-
lished and secured. Catheters are preferably located in
venous systems that drain into the superior vena cava.
Avoid femoral or saphenous venous catheters in patients
with significant abdominal trauma. The utility of catheters
draining into the inferior vena cava may be compromised
should the inferior vena cava be clamped or packed
during the surgical procedure. However, in extremis access
is established wherever possible. Additionally, placement
of an internal jugular vein catheter-introducer sheath for
volume administration and later placement of a pulmonary
artery catheter should be considered.

Evaluation of Preoperative Volume Status
A quick evaluation of the patient’s volume status can be
made by measuring the blood pressure, heart rate, palpating
the peripheral pulse, skin color and turgor, and quality of
mucous membranes. Systolic pressure variation (SPV) is a
technique for gauging intravascular volume status that we
find very useful in trauma management. Arterial blood
pressure has long been known to decrease with positive
pressure ventilation. The SPV method of quantifying these
changes directly correlates with intravascular depletion in
both animal experiments and clinical studies (Volume 2,
Chapters 3 and 9) (51).

Review of Available Lab and Radiographic Data
All laboratory data should be rechecked. Electrolyte imbal-
ances, such as hypokalemia or hyperkalemia and acidosis,
should be addressed and/or rechecked if lab error is suspected.
The chest and cervical spine radiographs should be reviewed
by the anesthesiologist prior to induction. The presence of rib
fractures, hemopneumothorax, and spine fractures should all
be considered in the determination of anesthetic technique,
monitoring, and postoperative plans for the traumatized
patient.

Monitoring for Major Abdominal Injury
Monitoring for major abdominal injury includes Standard
American Society of Anesthesiologists monitoring, as well
as arterial and central venous access. Ability to monitor
exhaled gas CO2 and nitrogen concentration is necessary
for screening of air emboli. General monitoring issues for
trauma resuscitation are covered in Volume 1, Chapter 17
and Volume 2, Chapter 10.

Positioning for Abdominal Trauma Surgery
The supine position with arms out is best for venous and
arterial access, and heated forced air blanket placement.
However, if all the lines are already in place, the arms may
be tucked, thereby improving surgical access for upper
abdomen exploration. Consider the spatial needs of special
retractors from discussion with surgeons. Padding of depen-
dent body parts is required to minimize hypoperfusion and
pressure-induced tissue ischemia. These issues must be
worked out among the surgical, anesthetic, and nursing
teams prior to the patient’s OR arrival to minimize conflict,
misunderstanding and surgical delay (Volume 1, Chapter 5).

INDUCTION AND MAINTENANCE OFANESTHESIA

The goals for anesthetic management of the abdominal
trauma patient are summarized in Table 6. Besides physio-
logic stability, analgesia and amnesia should be provided
once the patient’s hemodynamic status becomes stable
enough to tolerate anesthetics. A complete discussion of
general anesthesia and regional anesthetic considerations
for trauma is provided in Volume 1, Chapters 19 and 20,
respectively. This section focuses only upon the issues
relevant to abdominal trauma.

General Anesthesia for Abdominal Trauma
Hypotension at induction of anesthesia for trauma is

a common and important complication to avoid. The
mechanism of periinduction hypotension is multifactorial
including the suppression of endogenous catecholamines
(which were keeping the patient alive despite hypovolemic
shock), as well as direct myocardial depressant effects
and vasodilator effects of certain induction drugs, and the
initiation of positive pressure ventilation. Furthermore,
once abdominal incision is made, tamponade of abdominal
bleeding is lost and a torrent of bleeding may occur. Prior
to induction, the patient’s abdomen should be prepped
from the sternal notch to below the knees and draped.
The surgeons should be gowned and ready with scalpel
in hand during induction of anesthesia in an actively
hemorrhaging patient.
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Induction
It is frequently quoted that “more soldiers were killed in
World War II by thiopental than by bullets.” Indeed,
Halford wrote a compelling negative critique of pentothal
to that effect following the Japanese attack of Pearl Harbor.
However, in the same edition of “Anesthesiology,” Adams
and Gray presented a case (with an accompanying editorial)
clarifying that it is not necessarily the drug, but rather the
dose that leads to lethality in the traumatized patient (52).
In balance, massively traumatized patients should not
receive pentothal or propofol for induction.

Comatose patients, those in severe shock, or in full
arrest on admission, require nothing more than oxygen and
possibly a neuromuscular blocking drug until the patient’s
blood pressure and heart rate rebound enough that
anesthetics can be added. Awake traumatized patients
demonstrating signs of hypovolemia are generally best
induced with etomidate (0.2 mg/kg) (Volume 1, Chapter
19), because pentothal, propofol, and even ketamine, have
direct myocardial depressant effects, that promote hypo-
tension in hypovolemic patients (53).

Maintenance
Sedative and amnestic drugs should be titrated in as blood
pressure allows, because traumatized patients receiving
only oxygen and neuromuscular relaxants may have recall
(54). Anesthesia can be maintained with inhalational vapors
or IV drugs such as propofol, and opioid supplementation
is frequently necessary.

All of the induction drugs mentioned could be used as
IV maintenance. However, repeated doses or prolonged
infusions of etomidate will cause adrenal suppression.

Trauma patients with hemorrhagic shock too severe to

tolerate anesthetic drugs (other than neuromuscular

blockade) should receive scopolamine as an amnestic.

Later, benzodiazepines or propofol may be titrated in for
amnesia (55). However, there is no particular requirement
for total IV anesthesia for abdominal trauma, and inhaled
drugs are typically less expensive and possess equally
satisfactory anesthetics.

All volatile anesthetics produce dose-dependent
depression of myocardial contractility. Desflurane, isoflurane,
and sevoflurane maintain cardiac output better than enflur-
ane or halothane mainly through a peripheral vasodilatory
effect, whereas halothane maintains blood pressure better at
the same minimum alveolar concentration (MAC) level of
either isoflurane or enflurane (56). There are no absolute con-
traindications of any volatile drug for abdominal trauma
(Volume 1, Chapter 19). However, halothane and sevoflurane
have been historically avoided due to potential for liver and
renal injury, respectively. If possible, nitrous oxide (N2O)
should be avoided to limit bowel and closed space gas
accumulation.

Halothane has very infrequently been associated with
the development of fulminant hepatitis. The National
Halothane Study conducted in the 1960s found that
halothane was not associated with hepatic injury more fre-
quently than other anesthetics (57). However, abdominal
trauma patients with pre-existing liver disease or hepatic
injury constitute a special group. Halothane is known to
decrease hepatic blood flow to a far greater degree than
any other inhaled drug. Conversely, isoflurane increases
hepatic artery blood flow at both 1 and 2 MAC, and in our
opinion is the maintenance drug of choice for trauma
patients with liver dysfunction (58). Additionally, halothane
is arrhythmogenic in higher concentrations, particularly in
the setting of concomitant hypercarbia and high-dose
epinephrine (as can occasionally occur in trauma resuscita-
tion). Thus, it is best to avoid halothane in abdominal
trauma as hepatic blood flow may already be compromised
by hypotension, ischemia, and direct hepatic injury.

Sevoflurane reacts with carbon dioxide absorbents to
produce “compound A.” Because of concern about the
potential nephrotoxicity of compound A, sevoflurane was
not released in the United States until 1995, four years
after release in Japan, with a package insert warning to use
fresh gas flow rates �2 L/min. Despite this concern, sevo-
flurane has been used safely since 1991 in Japan without
significant nephrotoxicity. Although nephrotoxicity was
demonstrated in rats, several investigators have been
unable to detect significant renal injury following low flow
sevoflurane in humans (59). Recently, more sensitive tests
of renal injury have demonstrated compound A associated
renal injury. One study demonstrated that 1.25 MAC
sevoflurane plus compound A produced dose-related
injury to glomeruli and tubules (60). Because of the possi-
bility of renal toxicity resulting from sevoflurane and the
high risk of hypotension and toxin exposure (e.g., aminogly-
cosides, IV contrast, rhabdomyolysis) with abdominal
trauma, sevoflurane is best reserved for brief periods of
administration in the multiple injured trauma patient.
Additionally, recovery from anesthesia has been shown to
proceed faster with desflurane than with sevoflurane (61).

The routine use of N2O is discouraged in abdominal
trauma because N2O will preferentially fill gas-containing
structures, such as pneumothorax, pneumocephalus,
obstructed bowel, and so on, causing these structures to
expand. Gas containing structures expand because the
blood:gas partition coefficient of N2O is 34 times greater
than that of nitrogen. Thus, the capacity of the blood to

Table 6 Goals for General Anesthesia for Abdominal Trauma

Reestablish and maintain normal hemodynamics

For hypotension, fluids first, then vasopressors

Frequent evaluation of base deficit, Hct, UO

Titration of additional anesthetics if robust BP

Maximize surgical exposure and minimize bowel edema

Limit fluids according to needs

Limit blood loss by allowing anesthetic catch-up

Muscle relaxation should be optimized

NGT or OGT to decompress bowel

Avoid N2O (if necessary, use only briefly)

Limit hypothermia

Monitor core temperature

Warm fluid

Keep patient covered and room warm

Help limit blood loss and coagulopathy

Encourage surgeon to stop and pack if blood loss excessive

Frequently monitor Hct, ionized Ca, coagulation studies

Provide calcium for large citrated product administration

Limit complications to other systems

Monitor ICP, maintain CPP .70

Monitor PIP be vigilant for pneumothorax

Measure urine output

Monitor peripheral pulses

Abbreviations: BP, blood pressure; Ca, calcium; CPP, cerebral perfusion

pressure; Hct, hematocrit; ICP, intracranial pressure; NGT, nasogastric

tube; N2O, nitrous oxide; OGT, orogastric tube; PIP, peak inspiratory

pressure; UO, urine output.
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bring N2O to gas-containing structures is greater than its
capacity to remove nitrogen. Nitrous oxide can support
combustion and should be avoided if electrocautery is used
near any distended segment of bowel containing gas. In
patients with solitary abdominal or extremity injuries, N2O
can be used during the last 15 to 30 minutes to promote
rapid awakening and resumption of protective reflexes.
However, in patients so severely injured that postoperative
extubation is not anticipated, there is no benefit to the use of
N2O. Furthermore, when there is a risk of pneumocephalus
or pneumothorax, N2O should be avoided all together.

Neuraxial Regional Anesthesia and Abdominal Trauma
Neuraxial anesthesia is contraindicated in the severe
abdominal trauma patient because it is impractical (patient
may not be able to assume the lateral or sitting position for
drug placement), takes time to set up, and can result in
several common deleterious side effects (sympathectomy
mediated hypotension), and complications (local anesthetic-
induced seizures, total spinal anesthesia, or cardiac arrest).
Indeed, in World War I, neuraxial blockade was frequently
employed, causing Admiral Sir Gordon Taylor to proclaim
spinal anesthesia to be “the best form of euthanasia” he
knew for war injuries. The regional techniques that merit
consideration in the trauma patient are discussed in
Volume 1, Chapter 20.

ADJUNCTIVE MANAGEMENT
AND COMPLICATIONS
Administration of Shed Abdominal Blood
The use of salvaged blood from abdominal trauma was
previously considered a contraindication due to the possi-
bility of bacterial or fecal contamination. However, several
studies have demonstrated the safety and efficacy of trans-
fusing intraabdominally salvaged blood under certain cir-
cumstances (62,63). For noncontaminated intraabdominal
blood involving liver, spleen, or retroperitoneal injury, cell
saver technique is considered standard practice for most
trauma centers.

Massive Transfusion
Adverse consequences of massive transfusion are discussed
in Volume 2, Chapter 59, and include coagulopathy,
hypothermia, hypocalcemia, hyperkalemia, and hemolysis
(64,65). Nonsurvivors of penetrating trauma who received
massive volume replacement were far more likely to be
hypothermic, acidotic, and coagulopathic than survivors
(66). Indeed, massive transfusion is the most important pre-
dictor of coagulopathy following abdominal trauma. The
likelihood of coagulopathy (PT or PTT �twice normal) fol-
lowing massive transfusion in seriously injured patients is
predicted by persistent hypothermia, acidosis, hypotension,
and injury severity score (ISS). With all four risk factors
(pH � 7.10, temperature �348C, systolic blood pressure
�70 mmHg, ISS �25), 98% of patients will develop a life-
threatening coagulopathy (67).

Thermal Management
Hypothermia is a major comorbidity of trauma and is
discussed in Volume 1, Chapter 40. Besides the loss of heat
from radiation (exposure) and conduction (cool IV infu-
sions), evaporation and convection (exposed abdominal
surfaces), redistribution of warm core blood to periphery

from impaired autoregulation occurs in the setting of drug
use, and spinal cord injury. Furthermore, pharmacologic
paralysis prevents normal heat production mechanisms
(shivering) and vasodilating anesthetic agents impair heat
conservation mechanisms (vasoconstriction).

Hypothermia affects the platelet coagulation process,
promotes platelet sequestration, reduces drug metabolism,
and induces vasoconstriction. Combined hypothermia and
acidosis reflect a decrease in cardiac output and tissue
perfusion. The hypothermic myocardium is susceptible to
ectopy, especially ventricular dysrhythmias. Many studies
have identified hypothermia as a factor associated with
increased morbidity and mortality in severely injured patients
(68,69). Interestingly, moderate hypothermia (35.5–34.58C) is
neuroprotective, and may be tolerated in certain conditions,
such as no clinical manifestations of bleeding (70).

Neuromuscular Blockade
As with all patients undergoing any abdominal surgery,
muscle relaxation facilitates exposure. Accordingly, neuro-
muscular blockade (NMB) drugs should be used liberally
in patients expected to be mechanically ventilated for
several hours or days following abdominal trauma surgery.
No particular NMB drugs are contraindicated in abdominal
trauma, unless hepatic or renal insufficiency is present
(Volume 2, Chapter 6). However, as a result of potential
histamine release, atracrium, curare, and metubine, should
be avoided in unstable patients (71).

Acid^Base Management
Acid base status is measured via arterial blood gas, and the
derived base deficit is useful in guiding resuscitative efforts.
Acidosis impairs myocardial contractility in response to both
endogenous and exogenous catecholamines. However, the
oxyhemoglobin disassociation curve is shifted rightward
by acidosis, thereby improving oxygen delivery to tissues.
Lactic acidosis should be treated with fluid replacement.
Although controversial, most would treat pH � 7.10 with
sodium bicarbonate and temporary hyperventilation.

Antibiotics
Preoperative antibiotic therapy in the patients with intraab-
dominal injury begins with broad spectrum coverage of both
gram positive and gram negative bacteria (especially anae-
robes and enterobacteriacea). A third or fourth generation
cephalosporin in combination with metronidazole is rec-
ommended by the American College of Surgeons. A single
preoperative dose of an appropriate antibiotic is adequate
prophylaxis for penetrating and blunt abdominal injuries.
Postoperative antibiotics should be reserved for late
(.12 hr postinjury) operations and for enteric perforations.
If the patient has received massive transfusion, antibiotics
should be repeated more frequently. The optimal duration of
treatment under these circumstances is not well established
(72). Recent data suggest that that in high-risk penetrating
colonic trauma, 24 hours of broad spectrum antibiotics is
as efficacious as five days of therapy (73). Fever and leuco-
cytosis are imprecise indicators of the need for continued
postoperative antibiotic administration in the severely
traumatized patient.

Polyvalent pneumococcal vaccine given early after
splenectomy substantially reduces the incidence of OPSS
(74). Some advocate waiting two weeks following the
trauma prior to its administration, because postoperative
elevated stress hormones may attenuate the immunologic
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response. Administration of additional vaccines against
Neisseria meningitidis and Hemophilus influenzae should be
considered, as these organisms, like Streptococcus pneumo-
niae, are encapsulated and difficult to combat in the asplenic
patient (see Volume 2, Chapters 52 and 53). Tetanus pro-
phylaxis must be considered in every trauma patient, but
especially those with contaminated wounds or perforated
bowel injuries (75).

Other Intraoperative Complications
The trauma anesthesiologist must maintain increased vigi-
lance for delayed presentation of occult complications such
as intrathoracic, retroperitoneal, and extremity bleeding, as
well as diaphragmatic rupture, tension pneumothorax,
pericardial tamponade, central nervous system (CNS) bleed-
ing, and increasing intracranial pressure (ICP). Additional
considerations in patients with significant abdominal
trauma include the possible development of a venous air
embolism due to vascular or hepatobiliary injury. Minimiz-
ing the risk of this potentially lethal complication requires
maintaining adequate intravascular volume status and
awareness of the early signs of venous air embolism,
including hypotension, changes in capnogram waveform,
increased nitrogen concentrations, or sudden decreased
end-tidal CO2 in exhaled gas sampling.

CONSIDERATIONS RELATEDTO
THE SURGICAL APPROACH
Standard Approach to Exploratory Laparatomy
The trauma anesthesiologist should understand the standard
surgical approach in order to anticipate problems and
monitor progress of the case. The standard exploratory
abdominal incision is midline, extending from the xyphoid
process to the pubic symphysis. Following entry into the
peritoneal cavity, the abdomen is divided into four quadrants
and packed with lap pads. The first priority is to stop hemor-
rhage and each quadrant is explored sequentially. The next
priority is to suture closed any contaminating visceral tears.
Having accomplished these primary aims, a more thorough
evaluation of each organ is undertaken, and specific injuries
are sought and repaired. If the patient becomes hemodyna-
mically unstable or has hemorrhage that is difficult to
control, the area is packed again, and anesthetic “catch-up”
is allowed, with infusion of blood products and/or pressors
if necessary. In certain very unstable patients, “damage
control” can be achieved at the initial operation (Volume 1,
Chapter 21), with later return to the OR for staged repair.

Pringle Maneuver
Complex hepatic injuries (grades III–V) generally require

temporary portal triad occlusion (Pringle maneuver) to gain
operative visibility and vascular control. The Pringle
maneuver involves isolation and control of the hepatic
inflow vessels including occlusion of the hepatic artery,
portal vein, and common bile duct. The Pringle maneuver
is used to stem the rapid loss of blood allowing the surgeon
to then expose and ligate lacerated vessels and bile ducts.
Hemodynamic changes associated with the Pringle maneu-
ver reflect decreased right heart venous return. If abdominal
bleeding is not controlled with packing and the Pringle
maneuver, this usually reflects damage to the retrohepatic
vena cava or hepatic vein, which will require isolation
and control of both the suprahepatic and infrahepatic
vena cava. All of these maneuvers will decrease venous

return and decrease blood pressure in a normal patient.
However, in the massively bleeding patient they may be
less perturbing. It is, however, important to recall where all
the lines are placed, that is, isolating the vena cava in a
patient with only access via the femoral vein or a saphenous
cutdown will not allow infusion into the right atrium.

Atrial^Caval Shunt Placement
In certain situations, such as massive retrohepatic injury, a
shunt may be placed between the infrahepatic vena cava to
the right atrium in an effort to bypass the injury. To place
an atrial–caval shunt, a right thoracotomy or median ster-
notomy is required. Typically the abdominal incision is
extended to a median sternotomy. The shunt is placed
through the right atrial appendage into the inferior vena
cava distal to the hepatic region, but superior to the renal
veins (76). The danger of venous air embolism always
exists with hepatic trauma and repair. Most bleeding
hepatic injuries including blunt retrohepatic caval injuries
can be managed with precise surgical packing.

Damage Control, Anesthetic ‘‘Catch-Up,’’
and Planned Reoperation

“Damage control” is the term applied to abbreviated
operations in unstable, severely injured patients with
metabolic derangements (coagulopathy, hypothermia, and

acidosis) in whom prolonged initial operations would be
dangerous (68). The initial surgery is abbreviated to
allow aggressive correction of metabolic derangements
before definitive reconstruction of bowel injuries. Shorter
operative times have been associated with increased survi-
val and decreased morbidity, despite deferment of definitive
organ repairs (77,78). The damage control concept is not
new. Indeed, many anesthesiologists and surgeons have
advocated abbreviated procedures for years, especially
following hepatic injuries (79). However, it is now being
more rigorously studied (Volume 1, Chapter 21).

Reasons for planned reoperation include inability to
obtain hemostasis, recognition of bowel swelling, and/or,
inability to close abdomen. Hirshberg and Mattox have
organized the concept of damage control surgery into
three phases: initial control, stabilization, and delayed
reconstruction (80).

The initial control period involves rapid temporary
control of bleeding and hollow visceral spillage. Occasionally,
this period will alternate between brief epochs of operative
therapy abbreviated with periods of anesthetic catch-up,
where temporary packing occurs while the patient’s intravas-
cular volume is repleted allowing subsequent emergency
control procedures to be performed. Following initial
control of vascular bleeding and bowel spillage, temporary
abdominal closure occurs. Some patients have so much
bowel edema from resuscitation that the fascia cannot be
closed without the interposition of a sterile plastic or
silastic (81).

The stabilization period is typically carried out in
the intensive care unit (ICU). After transport to the ICU,
the focus is on continued fluid resuscitation, aggressive
warming measures, control of coagulopathic bleeding
(thrombocytopenia, decreased factor levels, hypothermia),
and normalization of acidosis. Reoperation should be
planned for 12 to 48 hours. Provisional abdominal packing
is associated with increased morbidity and mortality when
the duration of packing exceeds 72 hours (82). Complications
include abscess formation and sepsis due to residual foreign
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body fragments, necrotic tissue, blood, and/or bile. Other
complications include adult respiratory distress syndrome
(ARDS), jaundice, hepatorenal syndrome, DIC, bile perito-
nitis, and postoperative hemorrhage. During the delayed
reconstruction, primary repair of bowel injuries, definitive
survey of additional injuries, and copious abdominal irriga-
tion occurs. The interested reader can refer to Volume 1,
Chapter 21 for a complete review of damage control surgery.

NONOPERATIVE MANAGEMENT

The trend of nonoperative management of liver injuries stems
from the experience that bleeding has stopped by the time of
laparotomy in the majority of solitary liver injuries due to the
natural hemostatic qualities of the liver. Providing patients
are hemodynamically stable and without other intraabdom-
inal injuries requiring laparotomy, nonoperative manage-
ment is usually successful. One study reported 70 of 72
(97%) liver injuries following blunt abdominal trauma were
successfully managed nonoperatively (83).

Nonoperative management of the spleen occurs for
similar reasons. Additionally, OPSS and increased risk of
gram positive infections places increased emphasis on
splenic conservation. The benefits derived from nonoperative
management of splenic trauma must be balanced by the poten-
tial risk of transfusion-related bacterial and viral diseases.
Laparoscopic blood salvage for transfusion may further shift
the balance towards splenic salvage (84). Laparoscopy not
only enables examination of the spleen, but also salvage of
intraperitoneal blood for transfusion. Interestingly, nonopera-
tive management is now being advocated for rupture of the
diseased spleen, as the combination of splenectomy and immu-
nosuppression renders these patients particularly susceptible
to OPSS (85).

When multiple solid organs are injured, exploratory
laparotomy should be considered even in hemodynamically
stable patients. Bowel injury is more than twice as common
with two solid organ injuries and 6.7 times more likely with
three solid organ injuries compared to a solitary solid organ
injury (86).

POSTOPERATIVE INTENSIVE CARE UNIT CONSIDERATIONS

Postoperative ICU considerations include monitoring for and
prevention of ongoing bleeding and shock, coagulopathy,
hypothermia, abdominal compartment syndrome, acute
lung injury, deep venous thrombosis and pulmonary
emboli, and sepsis. In addition, nutrition in the form of
early enteral feeding should be initiated.

Abdominal Compartment Syndrome
Abdominal compartment syndrome is a condition of

increased intra-abdominal pressure (IAP), usually due to
bowel and interstitial tissue edema following laparotomy
in patients with shock and massive fluid resuscitation
(87). See Volume 2, Chapter 34 for a complete review of
the abdominal compartment syndrome. The increased IAP
results in impairment of circulation, decreased tissue per-
fusion, and organ dysfunction (cardiovascular, renal, gut,
pulmonary) (88). The tense abdomen leads to increased
peak airway pressures, hypercarbia, and oliguria. Decreased
thoracic venous return, with decreased cardiac output
and decreased renal function due to hypoperfusion are

components of the syndrome. Additionally, increased
IAP causes decreased tidal volume, increased ventilatory
pressures, and increased atelectasis. Increased IAP can also
cause venous hypertension and elevate ICP.

Abdominal compartment pressures may be monitored
by attaching an indwelling foley catheter to a pressure
transducer, leveled to the symphysis pubis (89). Pressures
greater than 20 to 25 mmHg accompanied with organ failure
require decompression (90). Normal postoperative abdominal
pressure is 0 to 5 mmHg. At pressures greater than 10 mmHg,
hepatic arterial blood flow decreases; at 15 mmHg cardio-
vascular changes occur; at 15 to 20 mmHg oliguria occurs
with anuria occurring at pressures between 20 and 40 mmHg
(88). These patients require emergency decompressive
laparotomy to relieve the symptoms. However, opening the
abdomen results in a rapid decrease in IAP with a resultant
reperfusion syndrome that can lead to hypotension and
intractable asystole unless proper preparation occurs (91).

Preparation for decompression of abdominal compart-
ment syndrome involves maneuvers similar to those taken
immediately prior to clamp removal during a thoracic aortic
aneurysm repair: (i) intravascular volume is increased, (ii)
dopamine or other vasopressors are in line and running, (iii)
acidosis is treated with sodium bicarbonate, and (iv) prepare
to increase minute ventilation and transiently decrease positive
end expiratory pressure (PEEP) and driving pressure. The
increased minute ventilation is necessary to eliminate CO2

from released lactate from the gut and from administered
bicarbonate. Calcium chloride is administered to protect
against increased potassium washed out from gut. Calcium
is also useful to bolster the transient hypocalcemia following
sodium bicarbonate administration. Morris et al. recommend
2 L of normal saline with 50 g mannitol and 50 meq sodium
bicarbonate per liter IV prior to abdominal wall release (91).

Deep Venous Thrombosis Screening,
Prophylaxis, and Therapy
The prevalence of deep venous thrombosis in trauma patients
was determined in a prospective study in which serial
impedance plethysmography and lower extremity contrast
venography was used (92). Lower extremity deep venous
thrombosis was found in 201 of 349 (58%) patients and 18%
were proximal. Despite routine prophylaxis, trauma
patients remain at increased risk for venous thromboembo-
lism. A five-year retrospective review of pulmonary
embolism by Rogers et al. identified four high-risk groups
on the basis of injury. Head injuries, spinal cord injuries,
complex pelvic fractures, and hip fractures accounted
for 92% of pulmonary emboli in patients on the trauma
service (93). Prophylactic vena cava filters were found
to be efficacious in decreasing the risk of pulmonary
embolism in the high-risk trauma patients. In addition, sub-
cutaneous heparin, early mobilization, venous compression
stockings, and sequential compression devices should all
be considered as well to reduce risk of deep venous throm-
bosis (see Volume 2, Chapter 56).

Sepsis
Postoperative sepsis can occur from peritoneal soiling, pro-
longed tracheal intubation, intravascular lines, and preinjury
pneumonia (see Volume 2, Chapter 47). Bacteremias can be
classified as early onset (EOB), occurring within 96 hours
after trauma, and late onset (LOB), appearing after 96 hours
from trauma (94). Gram-positive cocci are isolated more fre-
quently in EOB. Additionally, the risk of EOB is increased by
the presence of pulmonary contusion, aspiration pneumonia,
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and the magnitude of abdominal injury. Intravascular catheters
and endotracheal tubes do not appear to represent risk factors
for EOB, but did increase the risk of LOB, especially when
mechanical ventilation was required for more than seven days.

Late Complications
Complications of surgical procedures for abdominal trauma
carry high mortality and morbidity rates. Risk factors include
missed injuries, anastomotic breakdown with peritonitis,
wound infection or dehiscence, bowel ischemia or obstruction,
and abscess or fistula formation. Missed injuries are
associated with serious morbidity following abdominal
trauma (95). One study reviewed missed injuries follow-
ing trauma to the torso, and the most common presentation
was delayed hemorrhage, with the colon, thoracic vascula-
ture, chest wall arteries, and diaphragm the most frequently
involved sites. Half of the injuries were overlooked during
the diagnostic workup and half were missed during
surgery (96).

Stress ulceration may occur as a result of decreased
gastric blood flow and subsequent loss of protective
mucous, and has been shown to occur in up to 20% of ICU
patients. Acid damage to exposed submucosal structures
can lead to gastritis, ulceration, and frank hemorrhage.
Proton pump inhibition, histamine-2 receptor antagonism,
and topical agents that bind to exposed mucosa should be
considered to avoid this complication.

Pulmonary complications, such as pneumonia, aspira-
tion pneumonitis, and ARDS are common postoperative
occurrences in the critically injured patient, as is sepsis.
Additional considerations with abdominal trauma include
bacterial translocation due to splanchnic hypoperfusion
and ischemia, and liver damage with decreased metabolism,
and decreased clotting factor production.

EYE TO THE FUTURE

Open magnetic resonance imaging and portable CT in close
proximity to the resuscitation suite may allow constant
patient monitoring during the imaging study, although MRI
will not be appropriate for patients with metal fragments,
such as gun shot victims with retained bullets. New multi-
detector CT scans promise more accurate and faster rates of
data acquisition to evaluate abdominal trauma patients.
Less operative intervention, including nonoperative manage-
ment of patients with certain types of penetrating trauma will
be carried out. The use of newer hemostatic agents such as
recombinant factor VII will be used more frequently in
patients with nonsurgical bleeding. Gasless exploratory
laparoscopy for trauma is under investigation and may
greatly simplify the procedure while mitigating potential
complications. Furthermore, this procedure may be done in
the emergency department after initial stabilization.

SUMMARY

The management of patients with abdominal trauma
has become more complex with the improved imaging
capabilities available to the clinician. In patients with abdo-
minal trauma accompanied with significant intraabdominal
hemorrhage and hypotension, consider an awake prep-
aration, with surgeons gowned, gloved, and ready to incise
prior to rapid sequence induction. The most hemodynami-
cally stable anesthetic agents available should be used to

manage these patients. Prior to surgery the presence and
patency of at least two large bore IV catheters, which drain
into the superior vena cava should be ensured. For combined
thoracic and abdominal trauma one catheter above the
diaphragm and one below may be prudent.

A cell saver autotransfusion device should be used
with significant hemoperitoneum in the absence of fecal con-
tamination. Early consideration should be given to damage
control and planned, staged, reoperation when extended
periods of hemorrhagic shock accompany surgery.

The abdominal compartment syndrome requires
careful hemodynamic monitoring and emergent decompres-
sion. Postdecompression release of lactate and subsequent
hemodynamic compromise should be anticipated. Sub-
sequent staged closure of the abdomen can occur after the
patient’s bowel edema resolves.

KEY POINTS

An increased probability of intraabdominal injury
occurs when signs of seat belt trauma are present,
such as seat belt abrasion or hematoma of abdominal
wall, or fracture of the lumbar spine (3).
Patients with severe blunt trauma must have their
abdomens evaluated for injury by an objective study
rather than physical exam alone in the setting of signifi-
cant competing pain and with altered mental status.
Splenic injury should be suspected in patients with left
lower rib fractures, while patients with right lower rib frac-
tures are likely to have an associated hepatic injury (9).
The FAST examination surveys four anatomic areas for
free fluid: (i) perihepatic, (ii) perisplenic, (iii) pelvis, and
(iv) pericardium.
CT is particularly good for the detection and grading of
discrete injuries to liver, spleen, and retroperitoneal
structures.
Nonoperative management is now the initial treatment
of choice for hemodynamically stable patients with iso-
lated blunt liver trauma, with success rates approach-
ing 95%.
Hypotension at induction of anesthesia for trauma is a
common and important complication to avoid.
Trauma patients with hemorrhagic shock too severe to
tolerate anesthetic drugs (other than neuromuscular
blockade) should receive scopolamine as an amnestic.
Polyvalent pneumococcal vaccine given early after
splenectomy substantially reduces the incidence of
OPSS (74).
Complex hepatic injuries (grades III–V) generally
require temporary portal triad occlusion (Pringle man-
euver) to gain operative visibility and vascular control.
“Damage control” is the term applied to abbreviated
operations in unstable, severely injured patients with
metabolic derangements (coagulopathy, hypothermia,
and acidosis) in whom prolonged initial operations
would be dangerous (68).
Abdominal compartment syndrome is a condition of
increased intra-abdominal pressure (IAP), usually due
to bowel and interstitial tissue edema following lapar-
otomy in patients with shock and massive fluid resusci-
tation (87).
Despite routine prophylaxis, trauma patients remain at
increased risk for venous thromboembolism.
Missed injuries are associated with serious morbidity
following abdominal trauma (95).
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INTRODUCTION

Pelvic fractures resulting from blunt trauma are associated
with mortality rates ranging between 6% and 50% (1).
Although they account for 5% of trauma admissions (2),
these patients often have high injury severity scores, and typi-
cally suffer from injuries to other major structures because the
forces required to fracture the pelvis are substantial (3). For
example, the incidence of thoracic aortic tears is significantly
increased in patients with a fractured pelvis [especially the
anterior–posterior (AP) compression type] (3). Accordingly,
pelvic trauma patients can be hemodynamically unstable,
and often have multiple competing management needs.

The initial hemodynamic status of the patient with
pelvic fractures is a main predictive factor associated
with death (2). In a recent study, hemodynamically stable
patients had a death rate of 3.4% as compared with a 42%
mortality rate in those who were hemodynamically unstable
(2). Because multiple other injuries occur to patients with
pelvic fractures, the associated hypotension may or may not
be related to the pelvic fracture itself. However, in patients
with pelvic fractures who die, pelvic hemorrhage was
involved in the deaths of 50% of the patients (2). Patients
with pelvic fractures have four potential sources of blood
loss: (i) fractured bony surfaces, (ii) pelvic arterial injury, (iii)
pelvic venous plexus injury, and (iv) extra-pelvic sources (3).

This chapter reviews the unique aspects of pelvic
anatomy that contribute to hemorrhage following fracture,
as well as the considerations for initial resuscitation and
grading of pelvic fractures. Next, recommendations for pro-
visional (i.e., pelvic binder) and definitive (i.e., external
fixator) stabilization are provided, along with the role of
angiographic embolization. The intraoperative surgical and
anesthetic management considerations for both open and
closed pelvic fractures are provided. In addition, postopera-
tive critical care management considerations are discussed
along with a brief summary of future trends in treatment.
A careful review of this information will provide the

trauma practitioner with an excellent basis for evaluation,
workup, and treatment of pelvic trauma.

PELVIC ANATOMY

The structural relationships between the bony pelvis and the
vascular supply explains why hemorrhage is so common
following these injuries, and this understanding provides
the framework required for planning initial and definitive
therapy. This anatomic review will include a survey of the
bony and ligamentous structures, as well as the muscula-
ture, nerves, vascular supply, and genitourinary structures.
However, the bulk of the emphasis is placed on the bones
and their relationship with the arterial supply and venous
drainage.

Bones and Ligaments
The bony pelvis is a ringed structure comprised of three
fused bones: the sacrum and two innominate bones. Each
innominate bone is formed from the fusion of three ossifica-
tion centers: the ilium, the ischium, and the pubis. These
three ossification centers coalesce at the triradiate cartilage
of the acetabulum and, when fused, form the complete inno-
minate bone. The innominate bones join the sacrum poster-
iorly at the two sacroiliac (SI) joints. Anteriorly, they unite
with each other at the pubic symphysis (4).

Without the vast array of pelvic ligamentous struc-
tures, the three bones comprising the pelvic ring would
have no inherent stability. The strongest and most
important ligaments stabilize the posterior aspect (Fig. 1A)
of the pelvis. These ligaments connect the sacrum to the
innominate bones. The stability provided by the strong pos-
terior SI ligaments must withstand the forces of weight
bearing transmitted across the SI joints from the spine to
the lower extremities. The symphysis acts as a strut during
weight bearing to maintain the structure of the pelvic ring.
The posterior SI ligaments are divided into short and long
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components. The short posterior SI ligaments run obliquely
from the posterior ridge of the sacrum to the posterior
superior and posterior inferior iliac spines. The long pos-
terior SI ligaments are longitudinal fibers that run from the
lateral aspect of the sacrum to the posterior superior iliac
spines and merge with the sacrotuberous ligament (4,5).

Anteriorly, the SI joint is covered by a flat, thin, and
weak ligamentous structure (Fig. 1B) that runs from the
ilium to the sacrum. This structure provides minimal stab-
ility, serving more as a capsule surrounding the SI joint
and separating it from the pelvic cavity. Nearly all the struc-
tural support buttressing the SI joint is provided by the stout
posterior ligaments (4).

In the upright position, the weight of the upper torso
pushes the sacrum down between the iliac wings and
causes approximately 58 dorsoventral rotation. The innomi-
nate bones move backward and downward as the pubic
rami swing upward. Precise reduction and re-establishment
of the morphology of the SI joint may not be as important as
for an extremity joint because tight contact between the
articular surfaces never occurs in normal function (4,6).

The symphysis pubis consists of two opposed surfaces
of hyaline cartilage. These surfaces are covered with fibro-
cartilage and surrounded by a thick band of fibrous tissue.
The symphysis is reinforced inferiorly by muscle insertions
and the arcuate ligament. The thickest portion of this
fibrous joint is usually superior and anterior.

Several ligaments run from the spine to the pelvis. The
iliolumbar ligaments secure the pelvis to the lumbar spine.
They originate from the L4 and L5 transverse processes
and are inserted on the posterior iliac crest. The lumbosacral
ligaments run from the transverse process of L5 to the ala of
the sacrum. They form a strong ridge anteriorly and abut the
L5 nerve root.

Musculature
The intact pelvis forms two major anatomic areas. The false
pelvis and the true pelvis are divided by the pelvic brim, or
the iliopectineal line, which runs from the sacral promontory
along the junction between the ilium and the ischium onto
the pubic ramus. No major muscular structures cross the

Figure 1 Sacroiliac (SI) ligaments. The chief bracing ligaments of the SI joint are the posterior SI ligaments (A) which are strong

and stout. The anterior SI ligaments (B) are thin and weak. Source: From Rockwood CA. In: Green DP, ed. Fractures in Adults.

2nd ed. Philadelphia, PA: JB Lippincott, 1975.
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pelvic brim. Above the brim, the false pelvis (greater pelvis)
is contained by the sacral ala and the iliac wings. It forms
part of the abdominal cavity. The inner false pelvic surface
is covered by the iliopsoas muscle. The true pelvis (lesser
pelvis) is below the brim, and its lateral wall consists of
the pubis, ischium, and a small triangular portion of the
ilium. It includes the obturator foramen, which is covered
by muscles and membrane, and opens superiorly and medi-
ally for passage of the obturator nerve and vessels. The
obturator internus takes its origin from the membrane and
curves out through the lesser sciatic notch attaching to the
proximal end of the femur. The obturator internus tendon
is an important structure because it serves as a guide to
access the posterior column.

The piriformis muscle originates from the lateral
aspect of the sacrum and is key to locating the sciatic
nerve. Commonly, the sciatic nerve leaves the pelvis
beneath the piriformis and enters the greater sciatic notch.
Occasionally, the peroneal division leaves through or
above the piriformis. The floor of the true pelvis consists of
the coccyx, the coccygeal and levator ani muscles, and the
male and female urethra, genitalia, and the rectum, all
pass through them.

Nerve Plexi
The lumbosacral coccygeal plexus is made up of the anterior
rami of T12 through S4 (Fig. 2), the most important of
which are the L4 to S1 roots. The lumbar roots L4 and L5
enter the true pelvis from the false pelvis, whereas the
sacral roots are part of the true pelvis. The L4 root runs
between the L5 nerve and the SI joint and merges with L5
to form the lumbosacral trunk at the sacral promontory
(12 mm from the joint line). The L5 root is 2 cm away from
the SI joint as it exits the intervertebral foramen. The sacral

roots pass through the sacral foramen and join the plexus.
Numerous branches extend to the major muscles within
the pelvis. The superior gluteal and inferior gluteal nerves
leave ventral to the piriformis and exit the pelvis through
the greater sciatic notch (7). The pudendal nerves (S2, 3,
and 4) innervate the pelvic sphincter muscles and can be
injured in pelvic fractures (Fig. 3).

Arterial Blood Supply
The major blood supply to the pelvis derives from the

paired hypogastric (internal iliac) arteries. The hypogas-
tric arteries course at the level of the SI joints as shown
in Figure 4. The various arteries that emanate from the

Figure 2 Pelvic nerve plexus. Pelvic nerves include the

ileoinguinal, lateral femoral cutaneous, and those emanating

from the lumbosacral coccygeal plexus. Source: From Berquest.

Figure 3 Pudendal nerve injury association with pelvic

fractures. Source: Illustration Copyright # 2006 Nucleus Medical

Art, All rights reserved. www.nucleusinc.com.

Figure 4 Pelvic arterial supply. The abdominal aorta bifurcates

in the pelvis into the common iliac arteries. These in turn each

branch into the internal (hypogastric artery) and external iliac

arteries, the latter gives off a deep iliac circumflex artery in the

pelvis prior to passing through Hunter’s canal to become the

common femoral artery and perfuse the leg. The hypogastric artery

branches into numerous smaller tributaries along with four

major branches which are often injured during pelvic fractures

including the superior gluteal, the internal pudendal, obturator,

and inferior gluteal arteries. Source: From Berquest.
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hypogastrics initially run in close proximity to the posterior
pelvic arch and eventually anastamose extensively with each
other, forming a rich collateral network. The superior gluteal
artery is the largest branch. Because it originates at right
angles from the hypogastric artery and has little muscular
protection, the superior gluteal artery is commonly injured
in fractures of the posterior pelvic arch. The obturator and
internal pudendal branches are often injured in fractures
involving the pubic rami (2,8,9).

Venous Drainage
The pelvic venous system also has many collateral branches
and is without valves, thereby allowing bidirectional flow
(Fig. 5). The veins are arranged in a large plexus that is
closely applied to the pelvic walls. Because these veins are
thin-walled, they do not have the ability to constrict in
response to injury. The pelvic venous plexus is extensive,
and significant hemorrhage can occur following disruptions,
even at normal venous pressures.

Pathophysiology of Retroperitoneal Hemorrhage
Following Pelvic Fracture
The above-described anatomic arrangement of the arteries
and veins explains the frequency and magnitude of hemor-
rhage seen with pelvic fractures. Without performing
angiography, it is impossible to know clinically if a retroper-
itoneal hematoma is caused by disruption of major arteries,
veins, or smaller, unnamed blood vessels (9). Most
pelvic hematomas, however, are venous in origin and are
contained and tamponaded retroperitoneally by the intact
peritoneum (10). Normal hemostatic mechanisms contain
many hematomas, but some continue to enlarge, producing
hemorrhagic shock, particularly those of arterial origin.

Arterial or venous hematomas can dissect retro-
peritoneally into the leaves of the intestinal mesentery

and produce the clinical signs of an acute abdomen. The
hematoma can also dissect anteriorly to invade the anterior
abdominal wall, to the chagrin of the unwary operator
who introduces a scalpel or peritoneal dialysis catheter.
A retroperitoneal hematoma can also rupture through the
peritoneum into the abdominal cavity, resulting in a loss of
the tamponade effect (11).

Patients who present with pelvic fractures and conco-
mitant hypotension have nearly a 50% mortality rate (1).
Hemorrhage from pelvic fractures results from lacerations
of the rich vascular network supplying the pelvis and col-
lects in the retroperitoneal space, but considerable bleeding
can also occur from the marrow at the fracture sites
(especially in the elderly with fragile bones). Coagulopathy
is another cause of persistent retroperitoneal bleeding and
should always be considered when the patient does not
respond to fluid and blood replacement (12,13).

Genitourinary System
The major components of the genitourinary system involved
in pelvic trauma are the bladder and urethra. The bladder
is situated superior to the pelvic floor (i.e., coccygeal
and levator ani muscles). These muscles arise in supporting
ligaments. The fascia of the pelvic floor is loose and mobile.

In males, the prostate lies between the bladder and
pelvic floor and is invested by a dense fascial membrane
(14). The urethra passes through the prostate and exits
below the pelvic floor. Associated with passage of the
urethra through the urogenital diaphragm are pudendal
arteries and veins, the pudendal nerves (S2–S4), and the auto-
nomic nerves of the pelvis (S2–S4), which are responsible for
the erectile mechanism in males (7).

The junction between the prostate and the pelvic floor
is strong, as is the membranous urethra. The weak link in
this region is the urethra below the pelvic diaphragm in its
bulbous portion. When the bladder is pulled forcefully,
the male urethra can rupture (most frequently in its
bulbous portion) below the pelvic floor. Occasionally, the
membranous portion of the urethra ruptures at the upper
surface of the pelvic floor. In females, urethral injury more
commonly occurs near the bladder neck (15,16).

Urinary continence is dependent on the external (striated
muscle) sphincter at the membranous urethra (midurethra in
females) and the bladder neck (smooth muscle) in both males
and females (16). An understanding of pelvic anatomy will
help trauma practitioners maintain a high degree of suspicion
for recognizing retroperitoneal bleeding, as well as injuries
involving the genitourinary or gastrointestinal systems.

INITIAL MANAGEMENT
Prehospital Care
The prehospital phase of assessment starts with paramedics
taught to recognize the potential for an unstable pelvic ring
injury from the characteristics of the crash history and
the physical examination. Lower limb deformity without a
long bone fracture and a mobile pelvic structure confirmed
by manual compression of the pelvis provide physical
clues to a pelvic injury. If such injury is present in the prehos-
pital setting, application of a stabilization splint such as
a pneumatic antishock garment (PASG), vacuum splint,
or the newer pelvic stabilization belts can prevent severe
hypovolemic shock and be life-saving (17).

PASG devices have fallen out of favor due to poten-
tial complications, including decreased ventilatory capacity,

Figure 5 Pelvic venous plexus. The veins draining the pelvic

structures are multiple and complex with numerous anastamosis and

few valves. This arrangement tends to promote bleeding which is

difficult to control without tamponade. Source: From Sandy Schwartz.
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compartment syndrome of the extremities and severe, rapid
hypotension with release of the pressure. Further details on
use/complications of these PASG devices are provided
below in the section on pelvic stabilization.

Numerous pelvic binders are available, and one
should be employed to stabilize the obviously fractured

pelvis. Alternatively, a sheet can be used as a binder
and secured tightly around the pelvis. Another option is
the placement of sand bags posterolaterally at bilateral
iliac wings (i.e., a temporary measure, as prolonged focal
pressure can cause tissue injury).

Primary Survey
Emergency and trauma unit assessment of the patient
begins with evaluation of the immediate life-threatening
problems associated with pelvic trauma. A team approach,
including trauma-trained general surgeon, orthopedic
surgeon, intensivist, interventional radiologist, and when
necessary, an urologist, and/or neurosurgeon is critical for
optimal management of these complex trauma patients.

A pelvic fracture is considered a signpost lead-
ing to other associated life-threatening injuries, including
major head, chest, aortic, and abdominal injuries and,
most commonly, retroperitoneal vascular injuries caused
by the pelvic fracture. The mechanism of injury may
provide an understanding of the severity of the pelvic
fracture.

A low-energy pelvic injury is produced by a fall from a
low height (,1 m), such as occurs with tripping, and is often
seen in elderly, osteoporotic patients. The pelvic fracture
itself may not be unstable but these patients should be
worked up for other injuries, such as traumatic brain
injury (TBI) especially when on anticoagulants or antiplate-
let medications.

Low-energy injuries may be isolated, but high-energy
mechanisms are often associated with other significant con-
siderations, including hemorrhage in 75% of patients, uro-
genital injuries in 12% (14), and lumbosacral plexus
injuries in about 8% (7). The likelihood of aortic rupture is
eight times greater in high-energy pelvic fractures than in
blunt trauma injury overall. The mortality rate in the high-
energy group ranges from 15% to 25%.

High-energy injuries are usually caused by motor
vehicle or motorcycle collisions or by falls from heights
(18,19). These patients are often unconscious or intubated
and therefore require a thorough physical examination to
determine mechanical stability of the pelvis as well as associ-
ated injuries. Sixty to eighty percent of patients with a high-
energy pelvic fracture have other associated musculoskeletal
injuries (20).

General Pelvic Trauma Considerations
Standardized resuscitation priorities (as described in
Volume 1, Chapter 8) are followed to ensure that the
patient is stabilized. Priority should be given to the treat-
ment of airway, breathing, and circulatory instability
according to the Advanced Trauma Life Supportw

(ATLSw) protocols (3). Both trauma and orthopedic sur-
geons should be involved in the primary survey and
initial management of patients with pelvic fractures to opti-
mize decision-making. It is important that the pelvis be
thoroughly assessed acutely so that any evidence of instabil-
ity can be documented, and appropriate treatment planned
and instituted early rather than late.

Circulatory Access, Evaluation, and Control of Hemorrhage
Once the airway and breathing are stabilized, control of the
circulatory system (i.e., for hypovolemic shock) is pursued.
Most important is determination and control of the site
of hemorrhage. Establishment of a minimum of two 14- to
16-gage intravenous cannulas should be placed in the
upper extremities of patients with pelvic or abdominal
trauma (3). The use of lower extremity intravenous
access is not recommended in pelvic or abdominal injuries
because infused fluid might not enter the central circulation
due to possible disruption of pelvic veins or the inferior
vena cava (3).

Next, consideration is given to placement of a pelvic
binder to tamponade pelvic hemorrhage (if not already
placed in the field). Commercially available pelvic binders
(Fig. 6) can be easily placed with minimal training. In the
case of open book fractures, pelvic binders are useful to
temporarily tamponade bleeding. Although there is a small
theoretic risk that posterior elements can be opened up
with this technique, it is very unlikely to occur in an open
book injury. The commercially available, pelvic binders are
engineered to maintain pressure on the posterior elements
as well as allow closure of the anterior diastatic injuries.
Pre- and postbinder radiographs (Fig. 7) should be taken
to document desired effect.

In settings where readymade pelvic binders are not
available, a simple method pelvic binding can be achieved
by circumferential wrapping of the pelvis in a standard bed-
sheet. If a sheet is used, it should be applied folded flat
underneath the supine patient. The sheet is then snugly tigh-
tened anteriorly, with the ends remaining flat and secured
with towel clamps (Fig. 8). It is important not to tie the
sheet in a knot anteriorly as this can place undue and exces-
sive pressure on the skin overlying the iliac crests and lead to
skin breakdown. An advantage of the sheet is that a small
hole can be cut to allow access for angiography. If access to
the abdomen is required, the sheet can be placed at the
level of the hips.

Figure 6 Pelvic binder. The figure shows one of the commer-

cially available pelvic binders. This model is a “one size fits all”

device which is slipped under the supine patient and centered

over the greater trochanters. Any excess length is removed with

trauma sheers, and an end plate fastener with Velcrow straps and a

lace tie mechanism are attached to the free end of the binder.

The shoelace system is then snugged tight to close the pelvis.

Source: Photo courtesy of PelvicBinder, Inc., Dallas, Texas, U.S.A.
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Pelvic binders are temporary devices to be used prior
to external fixation and/or internal illiac angiographic treat-
ment, and/or definitive pelvic repair (described sub-
sequently). In patients with vertically unstable fracture
patterns, a distal femoral traction (i.e., Steinman) pin
should be placed to reduce the hemipelvis (Fig. 8B).

It is strongly recommended that IV access be
established and an initial fluid bolus be administered prior
to temporarily releasing pelvic pressure (i.e., release of

pelvic binder or PASG device) because significant and

abrupt hypotension frequently occurs at this time.
In parallel with the placement of a temporary pelvic

binder and establishment of IV access, an appropriate
volume of fluid resuscitation must be given, as determined
by ascertaining the degree of blood loss based on the
patient’s clinical condition. The replacement volume can be
estimated from the principle that 3 mL of crystalloid must
be given for each 1 mL of blood lost. Per ATLS guidelines,
a minimum of 2 L of crystalloid solution is administered as
an initial bolus (3). If a good response is obtained, the crystal-
loid infusion can be maintained until type-specific, fully
matched blood is available.

However, in patients with a transient response or no
response, another 2 L of crystalloid is infused, and then
type-specific or uncross-matched universal-donor (group O
negative) blood [usually as packed red blood cells
(PRBCs)] is immediately administered. These latter con-
ditions (transient response and no response) following the
2-L crystalloid bolus indicate ongoing blood loss and bleed-
ing, and that control is urgently required. These patients
often go on to require massive volumes of fluid; con-
sequently, it should be assumed that they would also likely
develop a dilutional coagulopathy (see Volume 2,
Chapter 58). Platelets and fresh frozen plasma should be
ordered initially. As a rule of thumb, 2–4 U of FFP and 5–
6 U of platelets will be required for every 5–10 U of PRBC
blood replacement (3,19,21). As bleeding continues, a
higher ratio of platelets and FFP are often required for each
unit of PRBCs; in addition, cryoprecipitate and recombinant
activated factor VII may be required under these conditions.

Ongoing Resuscitation, Disability, and Exposure
Appropriate monitoring of the patient’s hemodynamic
response to ongoing resuscitation is mandatory. Perfusion
pressure can be assessed by clinical signs of capillary refill,
pulse character, color, and temperature. More specific moni-
toring methods require a urinary catheter to assess urinary
output (targeting 0.5 mL/kg/hr) and an arterial line for
direct arterial pressure measurements as well as frequent
assessments of arterial blood gas values. Volume status can
be assessed by these methods and can be further corrobo-
rated by central venous pressure (CVP) measurements.
Ongoing blood loss may be monitored via the hemoglobin
or hematocrit traditionally. However, some would argue
that lactate levels are actually better indicators of current
resuscitation status (Volume 1, Chapters 12 and 18) (1,20,21).

Figure 7 Pelvic radiographs demonstrating effect of pelvic

binder. The prebinder pelvic radiograph (A) shows pubic

diastasis. The pelvic radiograph obtained post binder application.

(B) Reapproximation of pubic symphysis.

Figure 8 Pelvic radiographs demonstrating pelvic binding by use of a sheet with towel clamps. The prebinder pelvic radiograph

(A) shows pubic diastasis. The pelvic radiograph obtained postbinder application. (B) Reapproximation of pubic symphysis. This patient

also has traction applied to the lower extremities due to sacro-illiac disruption.
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Monitoring of core body temperature is mandatory if
major fluid replacement is continued. Blood and crystalloid
are usually at room temperature or may even be cooler. The
use of large volumes during resuscitation cools the patient
even further and thereby adds to the effect of hypovolemic
shock and exposure in the field. Warming of intravenous
fluid and blood is necessary to keep the core temperature
at least in the range 328C to 358C. A normal temperature of
378C is preferred. Lower temperatures lead to coagulation
problems, ventricular fibrillation, higher surgical infection
rates, and acid–base disturbances.

A gastric tube should be inserted, but with the nasal
route avoided if cribiform plate fractures are suspected.
Catheterization of the bladder is used to decompress it
before diagnostic peritoneal lavage (DPL) or laparotomy is
performed. Before catheterization in a male, assessment for
evidence of blood at the urethral meatus, examination
for scrotal hematomas, and evaluation of the prostate to
make sure that it is palpable and in the appropriate position
are mandatory. In females, a vaginal examination as well as
inspection of the urethral meatus is performed. If the
above findings are present, a urethral injury is suspected,
and urethral catheterization is deferred until after a retro-
grade urethrogram in stable patients, or a suprapubic
bladder catheter can be placed temporarily in unstable
patients. It has been reported that 57% of men with urologic
injury secondary to a pelvic fracture had none of the classic
signs. Urethrography is performed after the patient is
hemodynamically stable (13,22).

GRADING OF PELVIC FRACTURES

Numerous classification schemes exist (4,23–26). Many are
very complex. The anatomic classification of Letournel and
Judet describes areas where the pelvic bones often break
and is useful in terms of categorizing fractures anatomically
(Fig. 9) (23), but does not provide any information about
the mechanism of injury. A thorough understanding of
the fracture pattern and mechanism of injury is important.

Young and Burgess described a classification of pelvic
fractures based on the mechanism of injury. This
system was developed to enable traumatologists to more
readily predict associated major injuries within the pelvis
and abdomen (4). There are three major injury mechanisms
classified by the Young and Burgess system (Fig. 10):
(A) lateral compression injury: a laterally directed blow
can result in a spectrum of injuries (depending upon the
magnitude force applied): type AI (sacral impaction and
ipsilateral pubic ramus fracture—stable injury); type AII

(sacral impaction plus ipsilateral iliac wing fracture or pos-
terior SI joint opening and ipsilateral pubic ramus fracture);
type AIII (continuation of type AII with additional external
rotational injury to the contralateral SI joint and pubic
ramus fracture); (B) anteroposterior compression: resulting
from a force delivered from anterior to posterior, which
results in an opening of the pelvis. There is a spectrum of
injuries that result: type BI (,2.5 cm diastasis at the symphy-
sis and intact posterior structures—stable injury); type BII

(.2.5 cm diastasis at the symphysis plus opening at the SI
joint(s) but no vertical instability); type BIII (complete
anterior and posterior disruption with possible vertical
migration); (C) vertically unstable or shear injury: com-
pletely unstable hemipelvis (the so-called malgaigne
fracture). Other classifications also exist (23–26). However,

of utmost importance is to understand the fracture pattern,
mechanism, and stability.

DIAGNOSTIC EVALUATION ANDTREATMENT PLANNING
Secondary Survey (Pelvic Fracture Considerations)
The precise fracture classification may not be known during
the primary survey. Once the patient is assessed and all
immediate life-threatening injuries are treated, ongoing
resuscitation continues as the secondary survey is pursued.
It is at this stage in the trauma work up that a more thorough
evaluation of the pelvic fracture is accomplished (along with
staging of all other significant injuries).

With regard to the pelvic trauma work up, physical
signs suggesting pelvic instability include deformity of a
lower extremity without a long bone fracture, usually
an ipsilateral leg length discrepancy involving shortening
or external/internal rotation, depending on the injury.
Massive flank, thigh, or buttock contusions and swelling
with hemorrhage are indicative of massive ongoing
hemorrhage emanating from a pelvic fracture or contiguous
structure.

All open wounds located in the groin or perineum

are suspicious for an open pelvic fracture, and must be
carefully inspected for size, contiguity with bones or
joints, and degree of contamination. A rectal exam
(and vaginal exam in females) is critical to rule out an
occult open pelvic fracture. Visual inspection of the posterior
surface of the pelvis is done when the patient is log rolled for
examination of the back. Palpation of the posterior aspect
of the pelvis may reveal a large hematoma, soft tissue
de-gloving, a gap through the disrupted fracture area, or dis-
location of the SI joint. McCormick et al. (17) recently
showed that tenderness elicited by palpation of the posterior

Figure 9 Letournal and Judet classification of pelvic fractures is

an anatomic description. A, iliac wing fracture; B, ilium fracture

with extension to the sacroiliac (SI) joint; C, transsacral fracture;

D, unilateral sacral fracture; E, SI joint fracture-dislocation; F,

acetabular fracture; G, pubic ramus fracture; H, ischeal fracture;

I, pubic symphasis separation. This classification is useful for

listing various fracture types, and numerous combinations of

these fractures can occur. However, this classification does not

connote information regarding mechanism, thus the Young and

Burgess classification (Fig. 10) is preferred. Source: From

Berquest.
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pelvis can accurately detect injuries of the posterior ring
(98% sensitivity and 94% specificity). Similarly, palpation
of the symphysis may lead to recognition of a gap. Signs of
potential instability include an open pelvic fracture, scrotal
hematomas, and neurologic injuries to the lumbosacral
plexus (5,7,11).

Although uncommon, open pelvic fractures (Fig. 11A)
are usually devastating injuries, requiring massive blood
transfusions, and usually a colostomy (Fig. 11B). Survivors
are frequently left with chronic pain and residual disabilities
in physical functioning and physical roles, and many remain
unemployed years after injury.

Brenneman et al. (27) showed that open pelvic frac-
tures occur more commonly in younger patients (mean age
30 years old for open vs. 39 years of age for closed,
p , 0.001). Open fractures also more commonly occur in
males (75% vs. 57%, p , 0.02), and open fracture victims
are more likely to have been involved in a motorcycle
crash (27% vs. 6%, p , 0.001), and are more likely to have
an unstable pelvic ring disruption (45% vs. 25%, p , 0.001)
(27). Open pelvic fracture patients tend to require more
blood than closed pelvic fracture patients, both in the first

day (16 vs. 4 units, p , 0.001) and during the total hospital
admission (29 vs. 9 units, p , 0.001) (27).

Diverting colostomy is required for all perineal and
perirectal wounds. Otherwise, pelvic infections including
osteomyelitis are common. Chronic disability is also
more common following open pelvic fracture, particularly
in terms of problems related to physical role performance
and physical functioning (27).

Radiographic Evaluation and Other Imaging Modalities
As mentioned in preceding text, external fixators (Fig. 11B)
may be placed very early in the care of the patient depending
upon patient stability, the geographic setup of the hospital,
and institutional practice patterns. In hospitals having
angiography immediately adjacent to the trauma resuscita-
tion suite, angiography should generally precede placement
of external fixation. However, when the angiography option
is not immediately available, external fixators can usually be
placed prior to the time it takes for the interventional radiol-
ogist to arrive. In these settings, placement of the external
fixator first makes sense. In a bleeding hemodynamically

Figure 10 Young and Burgess classification of pelvic fractures. (A) Lateral compression force. Type I: a posteriorly directed force

causing a sacral crushing injury and horizontal public ramus fractures ipsilaterally. This injury is stable. Type II: a more anteriorly

directed force causing horizontal pubic ramus fractures with an anterior sacral crushing injury and either disruption of the posterior sacroiliac

(SI) joints or fractures through the iliac wing. This injury is ipsilateral. Type III: an anteriorly directed force that is continued and leads to a

type I or type II ipsilateral fracture with an external rotation component to the contralateral side; the SI joint is opened posteriorly, and the

sacrotuberous and spinous ligaments are disrupted. (B) Anteroposterior (AP) compression fractures. Type I: an AP-directed force

opening the pelvis but with the posterior ligamentous structures intact. This injury is stable. Type II: continuation of a type I fracture

with disruption of the sacrospinous and potentially the sacrotuberous ligaments and an anterior SI joint opening. This fracture is

rotationally stable. Type III: a completely unstable or vertical instability pattern with complete disruption of all ligamentous supporting

structures. (C) A vertically directed force or forces at right angles to the supporting structures of the pelvis leading to vertical fractures

in the rami and disruption of all the ligamentous structures. This injury is equivalent to an AP type III or a completely unstable and

rotationally unstable fracture. Source: From Young JWR, Burgess AR. Radiologic Management of Pelvic Ring Fractures. Baltimore,

Munich: Urban & Schwarzenberg, 1987.
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unstable patient (with FAST or DPL negative for intra-
abdominal bleeding, and chest radiograph demonstrating
absence of hemothorax), pelvic angiography is the most
urgent study needed.

Routine radiographs of the pelvis are not necessary
in asymptomatic, awake, alert blunt trauma patients
who have a normal physical examination of the pelvis.
However, the physician should obtain an AP plain radio-
graph of the pelvis early in the resuscitation phase on all
victims of severe blunt trauma who are symptomatic or
have a compromised ability to perceive pain. Some sacral
fractures and SI joint disruptions may not be well visualized
on the AP view. To demonstrate these injuries, two additional
views, the inlet and outlet projections are often necessary.

Radiographs required for pelvic ring fractures
include AP pelvis, inlet view, and outlet view (Fig. 12). The
AP pelvis is usually a part of routine imaging in a trauma

patient (Fig. 12A). The inlet view is taken with the beam
directed 408 caudal (Fig. 12B), and the outlet view
(Fig. 12C) is taken with the beam directed 208 to 358 cephalad
in men and 308 to 458 cephalad in women.

The AP view is taken with the beam directed perpen-
dicular to the midpelvis. Care should be taken to include the
entire pelvis. Assessment of the anterior ring including
ramus fractures and/or symphyseal diastasis is important.
This view also provides information about the fracture
location, fracture pattern, and overall displacement. It can
also be used to screen for associated acetabular fractures,
hip fractures, or avulsion fractures of the transverse
process of the fifth lumbar vertebrae, a sign of an unstable
pelvic fracture.

The inlet view allows assessment of anterior/posterior
translation of the sacrum in relation to the illium. The pelvic
brim is visualized, including the iliopectineal line and pubic
rami. Posterior injuries (sacral fractures or SI joint disrup-
tions) can also be identified on this view. Rotational deform-
ities can also be identified if the symphysis is not in line with
the spinous processes.

The outlet view allows assessment of cephalad/caudad
translation of the hemipelvis. It allows for identification of
superior migration and/or rotation of the hemipelvis. Leg
length discrepancy can also be assessed. Sacral foramina are
visualized best on this view.

Acetabular fractures involve the hip socket, and are
different from pelvic fractures. Acetabular fractures usually
occur in young patients as a result of high-energy injuries.
However, they can also occur in older patients from a fall
or other lower energy mechanisms. They can be associated
with pelvic ring injuries, hip dislocations, or femoral head
fractures.

Radiographic imaging for acetabular fractures includes
AP pelvis view and 458 oblique views, also known as Judet
views (Fig. 13). There are six landmarks that can be seen
on the AP view. These include the iliopectineal line (repre-
senting the anterior column), the ilioischial line (representing
the posterior column), anterior rim, posterior rim, the tear-
drop, and the roof. A thorough understanding of acetabular
anatomy is required to properly treat these fractures.

A computed tomography (CT) scan should also be
obtained; 3-mm slices through the acetabulum usually
provide adequate resolution for most fracture patterns. The
CT scan can be used to assist classifying or to confirm
the fracture pattern, assess the femoral head, which
may have impaction injury, and rule out loose intra-articular
fragments. Three-dimensional CT scan reconstructions are
not required and should not be used as the sole means of
classifying the fracture pattern.

The most common categorization of acetabular frac-
tures is the Letournel classification (Table 1) (28). This
scheme divides fracture patterns into five simple fracture
types and five associated fracture types. Simple fracture
patterns include: (i) posterior wall fractures, (ii) anterior
wall fractures, (iii) posterior column fractures, (iv) anterior
column fractures, and (v) transverse fractures. Associated
fractures include: (i) associated posterior column and pos-
terior wall, (ii) associated transverse and posterior wall,
(iii) both columns, (iv) T-type, and (v) associated anterior
and posterior hemitransverses.

Treatment is based upon articular congruity and joint
stability. In general, most displaced acetabular fractures
require formal open reduction and internal fixation. Non-
operative treatment is indicated for truly nondisplaced
fractures with stable joint. There are certain fracture patterns

Figure 11 Open pelvic fracture. (A) The initial presentation. The

scrotum is being held up and out of the way to demonstrate bilat-

eral perineal lacerations. The postoperative image (B) shows the

external fixator in place and the colostomy which was required to

divert the fecal stream to decrease the risk of pelvic abscess and

osteomyolitis.
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that have “secondary congruence” which refers to a detached
articular segment in which the femoral head is congruent
with the acetabulum but this segment is often medialized
and proximal.

Initial treatment of acetabular fractures involves
traction if the femoral head is medialized or if the hip was
dislocated. A traction pin is placed in the distal femur if
there is no fracture at the distal femur. In such circumstances,
the traction pin can be placed in the proximal tibia. Caution
must be taken to ensure the knee does not have ligamentous
injury prior to placement of a proximal tibial pin.

CT scan is a routine imaging study obtained on
most pelvic fractures. Standard protocols include 3 mm or
less cuts through the pelvis including the acetabulum.
CT is more accurate than plain film imaging for presence
of fracture, precise location, and fracture pattern (29). Once
a fracture has been detected using standard pelvic radio-
graphs, the patient should undergo a pelvic CT scan

to help classify the fracture and plan fixation (Fig. 14). CT
scanning will also reveal associated injuries to pelvic and
abdominal structures (e.g., bladder rupture), in addition to
acetabular and femoral head/neck injuries.

Radiographic signs of pelvic instability include more
than 5 mm of displacement of the posterior SI complex, the
presence of a posterior fracture gap (as opposed to impac-
tion), and avulsion fractures of the posterior iliac spine,

sacrum, ischial tuberosity, or transverse process of the fifth
lumbar vertebra. Recent studies have shown that a
pelvic CT scan will diagnose all injuries seen on an AP
pelvis radiograph (29), but the CT scan is often obtained
only after the first hour of evaluation and treatment.

Common sources of bleeding from trauma include:
(i) external blood loss (e.g., from scalp lacerations),
(ii) intrathoracic (i.e., hemothorax), (iii) intraabdominal
(ruled out by FAST exam), (iv) into large extremities (e.g.,
the thigh after a femur fracture), or (v) retroperitoneal

Figure 12 Normal pelvic radiographs of a 19-year-old female. The anterior–posterior (AP) pelvis radiograph (A) is one of the basic

screening films (along with the AP chest and lateral cervical spine, which are routinely performed in polytrauma patients). However, when

computed tomography of the pelvis is performed, it is not required. The inlet and outlet views further characterize the pelvis. When reviewing

the normal inlet radiograph of the pelvis (B), the sacrum and iliopectineal line should form a smooth continuous arc. Discontinuity of this arc

should be specifically sought in patients with trauma in the vicinity of the sacroiliac joint. The sacral arcades and pubic region are well seen

on the outlet radiographic (C) view.

Figure 13 Normal Judet views of the pelvis in a 22-year-old female. These are obtained with the patient rolled 408 in each direction

from supine. The left posterior oblique view (A) is also known as the left iliac view or right obturator view, as these are well seen in

this projection. Vice versa the right posterior oblique view (B). Note it is the anterior and posterior columns of the hips that are well

seen on Judet views.
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hemorrhage, as occurs with pelvic fractures. Once the
first four sources of traumatic blood loss are eliminated,
increased emphasis should be placed upon finding the
retroperitoneal source of hemorrhage (often related to
pelvic fractures).

Hemorrhage from pelvic fractures results from several
potential sources: (i) fractured bony surfaces, (ii) pelvic
venous plexus, and (iii) pelvic arterial injury (3). The most
common cause of ongoing pelvic bleeding following fracture
is disruption of the posterior pelvic venous plexus. Bleeding
of a large artery such as the common, external, or internal
iliac is another potential source of postpelvic fracture bleed-
ing. Injury to large vessels usually is associated with rapid,
massive bleeding and loss of the distal pulse. The severity
of the hemorrhage determines the appropriate management
path. Disruption of the superior gluteal artery can occur
when a fracture involves the greater sciatic notch.

Distinguishing Intraperitoneal from
Retroperitoneal Hemorrhage
A standardized protocol involving both the orthopedic and
trauma surgeon is optimal to distinguish an intraperitoneal
from a retroperitoneal source of hemorrhage. In an acutely

Table 1 Acetabular Fracture Classification of Judet, Judet and

Letournal Based upon Status of the Anterior and Posterior

Columns

Elementary fractures Posterior acetabular rim

Ilioischial (posterior) column

Iliopubic (anterior) column

Transverse fractures

Complex fractures Fracture with femoral head dislocation

Both columns disrupted

Source: From Ref. 29.

Figure 14 Anterior–posterior (AP) radiograph of lower pelvis. The inlet view (A) of lower pelvis with bladder catheter in situ

(B) shows pubic diastasis. AP radiograph of lower pelvis during the early phase of a direct cystogram (C) shows an unusual shape to

the lower bladder, without leakage of contrast. The subsequent axial computed tomography (D) and surface rendered 3D reformats

(E and F) show the bladder prolapsing into the pubic diastasis and the widening of the left sacroiliac joint compatible with a Young

and Burgess BII pattern of injury.
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injured patient, abdominal examination can be unreliable.
Therefore, rapid determination of the presence of intraab-
dominal blood is now practiced at most centers using a
focussed assessment with sonography for trauma (FAST),
or DPL, or CT in centers where this can be accomplished
quickly (30,31). The first major goal of the trauma prac-

titioner in controlling pelvic bleeding is stabilization of the
unstable pelvic injury. Stabilization of the pelvic injury
prevents an increase in retroperitoneal volume, and there-
fore, decreases blood loss by tamponade of the bleeding
vessels (1,19).

Stabilization of the Pelvis
In addition to the pelvic binder/sheet wrap techniques
described precedingly (primary survey), other techniques
have been used over the years for stabilization of a disrupted
pelvis. The oldest is the application of a PASG. This inflat-
able garment is placed over the lower extremities and
around the pelvis and abdomen, and inflated until blood
pressure (BP) is stabilized. The garment works by increasing
peripheral vascular resistance. In the condition of pelvic
fractures, the abdominal component of the trousers acts as
a pneumatic splint and decreases continued motion of the
pelvic fracture. This decrease in motion minimizes further
disruption of the pelvic veins or the clots that have formed.

At present, PASGs are only recommended for the
immediate stabilization of massive pelvic bleeding in
the prehospital environment and during transport to a
definitive care facility. Once the garment is applied in the
prehospital setting, it should not be removed until the
patient is receiving fluids in the trauma resuscitation suites
(TRS) [or in the operating room (OR)] so that the bleeding
can be controlled surgically. A PASG should not be used
on a long-term basis unless the leg and abdominal
components are alternately deflated every two hours to
allow perfusion of the muscle compartments and skin.
Long-term use of these garments in hypotensive patients
has led to the development of compartment syndromes
and subsequent amputations. Accordingly, the authors
recommend against using these devices.

Other straightforward techniques can be used to
control pelvic hemorrhage until the patient can be trans-
ferred to definitive care. The use of skeletal traction
applied through the injured leg is effective in controlling
venous bleeding. A “Steinman” traction pin is inserted into
either the supracondylar region of the femur or the tibial
tubercle, and 25–35 lb of traction is applied. This technique
pulls the displaced hemipelvis into a more anatomic position
and in addition to helping with pain management (due to
stabilization) it also assists with hemorrhage control by
making tamponade more effective.

Internal rotation of the lower extremities closes an
anterior pelvic diastasis, particularly if the posterior liga-
mentous structures still have some continuity. This position
can be maintained by tying or taping the internally rotated
legs together at the knee and ankle. Finally, any encircling
device such as a sheet or pelvic binder can tamponade bleed-
ing. However, these interventions must be applied as quickly
as possible (within 20–30 minutes) to preserve systemic blood
volume. A hemodynamically stable patient does not require
temporary stabilization unless it is thought that motion of
the pelvic fracture may lead to recurrence of the hemorrhage
(1,5,18,20).

The timing of placement of acute pelvic stabilization
devices should be a decision made in consultation with the

trauma surgeon or the physician in charge of the resuscita-
tion. Before placement of the fixator, the pelvic AP radio-
graph should be assessed. This radiograph reveals several
clues regarding the exact nature of the injury and the poten-
tial for ongoing bleeding. A lateral compression injury
usually has a horizontal or buckle-type fracture across the
rami with evidence of an anterior sacral crushing injury if
one looks along the arcuate line between the sacral promon-
tory and the iliopectineal line (Fig. 15). A line drawn verti-
cally through the midline of the sacrum can also reveal a
significant shift of the pelvis such as might occur in a
lateral compression type 3 injury.

An injury to the quadrilateral plate or a transverse
acetabular fracture also indicates a lateral injury (Fig. 16)
(18,20). Lateral compression injuries are not improved
with an external fixator. An AP injury is usually recog-
nized by the presence of vertical fractures through the
rami that tend to be separated but not vertically displaced.
Fractures along the iliac wing or through the posterior
acetabular region also indicate an AP compression injury.
Posterior displacement of the hemipelvis can be inferred
with the use of the second sacral arcuate line. Vertical displa-
cement can be recognized by displacement greater than 1 cm
through the posterior SI joint, by gaps occurring in the
sacrum, by the impression that the pelvis itself has
widened, or by an avulsion fracture through the sacrum.
Traumatologists should note that lateral compression
fractures (Fig. 16) are usually associated with major intraab-
dominal and head injuries, as are vertical shear injuries.
However, unstable AP compression injuries and other
completely unstable injuries have a far greater incidence of
retroperitoneal hemorrhage than intraabdominal bleeding
(32). Unstable AP and vertical sheer fractures are most
amenable to external fixation when provisional stabilization
is required. A traction pin placed in the distal femur on
the ipsilateral pelvis with vertical instability can be used in
conjunction with the external fixator. Contraindications to
external fixation include iliac wing fractures and gross
posterior instability (fracture gap).

Decision-making can be guided by the patient’s
response to resuscitation. In the case of a negative test
for intraabdominal blood in a patient with ongoing hypo-
volemic shock and major pelvic disruption, angiography
should be performed and an external fixator applied

(32,33). It is controversial as to whether a hemodynami-
cally unstable patient should undergo pelvic stabilization
with external fixation prior to angiography. Advocates of
external fixation prior to angiography state that as only
10% of patients with pelvic fractures have arterial bleeding
amenable to embolization (9,34,35), then the majority of
patients are better treated initially with stabilization
(34,35). External fixation can be done quickly and safely,
even in the emergency department. If possible, the
fixator can be placed in the angiography suite prior to

the angiogram, utilizing the imaging equipment available
there. In some instances, the time needed to arrange
and set up angiography is longer than placing the fixator.
In such instances, the fixator can be placed while waiting.
Other centers have angiography readily available. Such
centers have reported good outcomes with angiography
prior to external stabilization (36). Angiography will demon-
strate the site of bleeding and help determine the type of
therapeutic embolization that is necessary.

If the FAST or DPL results are grossly positive and
the patient responds only transiently, laparotomy is
required to assess the intraabdominal injury and the
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pelvic binder should be maintained, but positioned at the
hip level; or, an external fixator should be placed during
surgical prep of the abdomen (30). After treatment of
the intraabdominal cause of bleeding, ongoing hemorrhage
should resolve with retroperitoneal packing of the pelvis
and the application of an external fixator. Attempts at
pelvic packing will be of no value, however, unless the
pelvis is immobilized. If the findings on peritoneal lavage
or FAST are positive and the patient is hemodynamically
stable, the frame should be applied before laparotomy.
The laparotomy can subsequently be performed and the
intraabdominal bleeding controlled. If bleeding continues,
a dilutional coagulopathy must be ruled out or treated if
indicated (see Volume 2, Chapters 58 and 59), and angiogra-
phy should then be performed.

A patient who fails to respond to appropriate fluid
resuscitation and has a negative test for intraabdominal
blood is, by definition, bleeding from a large-caliber vessel.
The patient then requires angiography to determine the
source and whether embolization can be used to stop the
bleeding, which depends on the caliber of the bleeding
vessel. If possible, a pelvic stabilization device should be
applied before angiography.

With a positive test for intraabdominal blood in a
patient who fails to respond, exploratory laparotomy is indi-
cated, as well as the use of a pelvic stabilization device. If
during laparotomy the retroperitoneal hematoma is expand-
ing, packing of the presacral area and posterior aspect of the
symphysis is carried out. For this technique to be effective,
it is necessary to achieve reduction, which can be obtained
by traction and manipulation of the pelvis by the c-clamp or
fixator guided by finger palpation or visualization through
the transperitoneal approach. If the patient remains hypoten-
sive despite these methods, angiography must be performed
immediately. Any clotted vessel seen during angiography
should be treated by embolization to prevent delayed
hemorrhage if the clot is dislodged or reabsorbed. In open
pelvic fractures that are hemorrhaging through an open
wound, packing of the area is mandatory to control the bleed-
ing at the same time as the pelvis is acutely stabilized by the
application of an external stabilization device (12,37–39).

Angiographic Embolization of Pelvic Vascular
(Retroperitoneal) Hemorrhage
Diagnostic and therapeutic angiography in patients with
pelvic hemorrhage is difficult even in experienced hands.
Selective embolization is most effective in controlling bleeding
from small-diameter arteries (i.e., 3 mm or less). Angiography
may assist in localizing large-vessel bleeding, but only if time
and hemodynamic stability permit. Compromising delays in
resuscitation and treatment can occur if the angiography
response time is slow or the angiographer is inexperienced.
Arteriographic embolization is nearly 100% successful in stop-
ping bleeding and saving lives if done within three hours of
injury (34). The radiology department must have the necessary
equipment, interventional radiologist, and staff available at all
times to administer emergent angiography and embolization.

Figure 15 Lateral compression injury. Anterior–posterior radiograph of the pelvis (A) and close-up view of the sacrum from

the same radiograph (B). There is a horizontal fracture of the right inferior pubic ramus (fat white arrow) and also impacted fracture

of the right body of pubis and superior pubic ramus (thin white arrow). Note also the hematoma adjacent to the right superior pubic

ramus fracture. The sacrum shows fractures of the right first and second sacral segments as buckling of the normally smooth lines that

form the roof of the sacral foramina arcades (black arrows). This would be compatible with a Young and Burgess AI pattern of lateral

compression injury.

Figure 16 Vertically unstable pelvic fracture. Anterior–pos-

terior (A-P) radiograph of the pelvis in a 17-year-old female

involved in high speed motor vehicle collision. She sustained a

right L5 transverse process fracture indicative of a vertically

unstable pelvic fracture, complete right sacral fracture, and bilat-

eral superior and inferior pubic rami fractures.
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In preparation for multiply traumatized patients, the angio-
graphy suite must be prepared to have the necessary anesthetic
and monitoring equipment, in essence, a shock trauma OR.
Some trauma centers have found that outcomes are improved
if members of both the trauma and anesthesiology teams are
present in the angiography suite (37,39).

If the patient with pelvic fracture is stabilized
and able to undergo a CT scan, it should be contrast-
enhanced. A patient with a positive-contrast extra-
vasation sign on a contrast-enhanced CT scan has a 40:1
likelihood of significant arterial bleeding requiring emboli-
zation. Therefore, any patient who has a potential for arterial
bleeding or is a transient responder must have a contrast-
enhanced CT scan early in care to document the potential
for arterial bleeding. Such imaging may allow earlier
control of the bleeding site (4,22,40).

DEFINITIVE THERAPY FOLLOWING
HEMORRHAGE CONTROL

After the patient has been stabilized, further assessment of
the other intraperitoneal pelvic structures must be carried
out. If any indication of an unstable fracture is noted, ure-
thrography should be performed in male patients. This tech-
nique is accomplished by inserting a small catheter into
the urethral meatus, inflating the balloon, and injecting
approximately 25 to 30 mL of a radiopaque dye to outline
the urethra. If no leak is evident, a catheter is inserted. It is
best to do the radiograph of the pelvis in an oblique plane
to put the urethra into full relief. However, in most situ-
ations, this view is difficult to obtain, and a standard AP
radiograph is satisfactory. After urethrography, a cystogram
should be obtained by filling the bladder with 400 mL of
contrast and taking a radiograph, or preferably these days
a CT cystogram. After evacuation of the dye, a postvoid
view is taken to determine any occult extraperitoneal
bladder rupture (Fig. 17). If these investigations do not
reveal a cause of the hematuria, an intravenous pyelogram
should be obtained, or more preferably combined with a
contrast-enhanced CT of the abdomen and pelvis. In
female patients, urethrography is rarely helpful and
usually omitted. A thorough physical examination, includ-
ing a vaginal examination, is performed before the catheter
is placed, and even then, a vaginal injury may be missed
in up to 50% of cases (22,41,42).

A thorough neurologic examination is always required
to evaluate injuries to the lumbosacral plexus. Therapeutic
decision-making and the medicolegal environment necessitate
a baseline examination (7).

An open pelvic fracture further complicates assess-
ment and diagnosis. Open pelvic fractures have been associ-
ated with a mortality rate up to 5%. Early death usually
results from uncontrolled bleeding, and late death can
occur from sepsis and other complications. All wounds
must be adequately evaluated. Wounds occurring in the
anterior aspect of the pelvis or over the flank are relatively
clean and can be treated like most open fractures.
However, wounds that occur in the buttock and groin
regions, and any wound in the perineal region, require
thorough assessment and special management (Fig. 11).
Because they are usually contaminated by the contents of
the rectum, pelvic fracture wounds involving the rectum, the
perineal, or buttock regions must be irrigated and debrided
and an external fixation device applied. In general, divert-
ing colostomy should be done in patients with extensive

open perineal wounds or open posterior pelvic wounds
(43–46). Open pelvic fractures that do not involve these
areas, and are clean can be debrided, followed by placement
of the appropriate fixation procedure (1,4,47–49).

The AP, inlet, and outlet views will identify virtually
all clinically important bony injuries.

The AP view of the pelvis will identify most pelvic
fractures and dislocations, but often does not demonstrate
the degree of bony displacement. On the AP view, the sym-
physis pubis is normally no more than 5-mm wide, and a
small, 1 or 2 mm, vertical offset of the left and right pubic
rami is normal. Overlapping at the symphysis pubis is
abnormal and is the result of a severe crushing injury.
Normally the SI joint is approximately 2 to 4-mm wide.

On the AP view, the physician may judge the degree of
pelvic rotation caused by technique and positioning by the
presence of asymmetry in the size and shape of the left
and right obturator foramina and iliac wings. Diastasis of
the SI joint also causes an asymmetric appearance of both
the obturator foramina and the iliac wings: if there is displa-
cement into external rotation, the affected iliac wing appears
broader, and the anterior iliac spine appears more promi-
nent. Avulsion fracture of the fifth lumbar transverse
process by the iliolumbar ligament often accompanies an
SI joint disruption or a vertical sacral fracture and is a valu-
able clue to posterior arch injuries. The inlet projection is
obtained with the X-ray beam angled 408 from the head
toward the feet, at 508 to the plate, such that it is perpendicu-
lar to the pelvic inlet. This view demonstrates posterior and
cephalic displacement of the fractures of the posterior arch,
widening of the SI joint, and inward displacement of the
anterior arch.

The opposite view is the outlet projection in which the
beam is directed 20 to 358 cephalad in men and 30 to 458
cephalad in women and is roughly perpendicular to the

Figure 17 Bladder rupture. Computed tomography (CT) scans at the level of the sacroiliac joint (A) and hips (B) following direct

catheter CT cystography. There is extraperitoneal bladder rupture with contrast seen in the prevesical space of Retzius and

paracolic regions. There are extensive pelvic fractures compatible with a Young and Burgess BIII injury.
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long axis of the sacrum. It is useful for demonstrating sacral
fractures and disruptions of the SI joints. The inlet and outlet
projections are performed by angling the beam, and so they
do not require the patient to be moved.

Although the AP, inlet, and outlet series will detect
the majority of pelvic fractures and provide the necessary
details for accurate classification, the CT scan has an import-
ant role in the planning of orthopedic treatment and the
diagnosis of associated visceral injuries and hemorrhage.
The CT scan demonstrates whether injuries to the posterior
arch are impacted or unstable, or whether there is rotational
deformity.

If the patient is hemodynamically stable, CT scanning
of the abdomen may be undertaken to evaluate intraperito-
neal and retroperitoneal injury. In a hemodynamically
stable patient with a serious pelvic fracture, the CT scan is
less invasive than DPL and has the advantage of demon-
strating certain specific injuries, including a retroperitoneal
hematoma. Additional cuts through the pelvis can be
requested concurrently and will demonstrate the degree of
displacement and rotation at the sites of pelvic fracture (30).

These comments on CT scan apply to the hemodyna-
mically stable patient with pelvic injury; however, in the
critically ill unstable patient, the value of FAST or DPL in
quickly establishing treatment priorities should not be
underestimated (30).

ANESTHETIC CONSIDERATIONS

The monitoring standards for airway and hemodynamic
management of the pelvic trauma patient are essentially
the same in the TRS as they are in the OR. Because the risk
of hemorrhage is the major initial consideration, these
patients are placed on 100% oxygen, have two large bore
IV catheters placed in the upper extremities, and are resusci-
tated as described preceedingly. Monitoring consists of pulse
oximetry, indwelling arterial catheters (for beat-to-beat BP
measurements as well as serial ABG and hematocrit measure-
ments) along with large-bore central lines for both CVP
measurements and infusion of volume and vasoactive drugs.
Other standard monitors include the electrocardiogram, and
capnometry (which in the intubated patient provides an
additional measure of cardiac output adequacy), and foley
catheterization (providing there is no contraindication).

Appropriate equipment should be available in any
location where emergency intubations are likely, includ-
ing the TRS (Volume 1, Chapter 5). Required equipment
includes an oxygen source, bag-valve-mask ventilating
system, mechanical ventilator, suction, and a selection of
laryngoscope blades, endotracheal tubes, and devices for
managing difficult intubations (Volume 1, Chapter 9).

Intubation is almost always best accomplished with a
modified rapid sequence induction (RSI) approach by an
experienced practitioner. A pelvic trauma patient is con-
sidered to have a full stomach and to be at risk for aspiration
during induction of anesthesia. However, the considerations
of hemodynamic instability and airway management are
prioritized above the increased risk of regurgitation and
aspiration. Cricoid pressure should be applied continuously
during emergency airway management from the time that
the patient loses protective airway reflexes until endo-
tracheal tube placement and cuff inflation are confirmed
(Volume 1, Chapter 9).

Standard practice dictates that all blunt trauma
victims, even those without high-risk mechanisms of
cervical spine (C-spine) injury, should be assumed to have
an unstable C-spine until this condition is ruled out. The
airway management of these patients receives much atten-
tion from anesthesiologists because direct laryngoscopy
causes cervical motion, with the potential to exacerbate
spinal cord injury (SCI).

Any intravenously administered anesthetic given to a
trauma patient in hemorrhagic shock may potentiate pro-
found hypotension and even cardiac arrest as a result of (i)
inhibition of circulating catecholamines, (ii) direct myocar-
dial depression, and (iii) vasodilation. When induction
medications are required, etomidate is recommended
because published reports suggest that it is associated with
more cardiovascular stability than other intravenous hypno-
tic drugs in the trauma population. Ketamine continues to be
popular for induction in trauma patients because it causes a
release of catecholamines in hemodynamically normal
patients. However, this catecholamine release effect is atte-
nuated in hypovolemic patients, and the direct myocardial
depression effect of ketamine can go unchecked, resulting
in cardiovascular collapse.

Hypovolemic patients will become hypoten-
sive with the administration of any induction anesthetic

because of interruption of compensatory sympathetic
outflow. Previously healthy young patients can lose up
to 40% of their blood volume before experiencing a decrease
in arterial BP, which can lead to potentially catastrophic
circulatory collapse with anesthetic induction, regardless of
the agent chosen.

In severe shock, anesthetic drugs are initially omitted
altogether. The RSI and intubation can proceed with
muscle relaxants alone in these cases, although onset time
may be prolonged in a patient with circulatory impairment.
Subsequent patient recall of intubation and emergency pro-
cedures is highly variable and affected by the presence of
coexisting TBI, intoxication, and the depth of hemorrhagic
shock. Decreased cerebral perfusion appears to inhibit
memory formation but cannot be reliably associated with
any particular BP or chemical marker.

Administration of 0.2 mg of scopolamine has been
advocated to inhibit memory formation in the absence of
anesthetic drugs in this situation, but it may interfere with
subsequent neurologic examination because of its long
half-life. Small doses of midazolam will reduce the incidence
of patient awareness, but can also contribute to hypotension
(other anesthetic drug considerations, including neuro-
muscular blockade and maintenance recommendations are
provided in Volume 1, Chapter 19).

Fluid resuscitation will need to occur before and after
intubation. Immediate placement of at least two large-bore
catheters (16 gauge or larger) is recommended during the
primary assessment (as described preceedingly). But the
lower extremities should be avoided in the setting of
severe pelvis or intraabdominal trauma because fluids
infused through the femoral vein may contribute to retroper-
itoneal hemorrhage or extravasation from iliac vein or the
pelvic plexus, and not contribute to intravascular volume.

Pelvic trauma patients should have intravenous access
placed via tributaries that drain into the superior vena
cava.

Practitioners should have a low threshold for place-
ment of a large-caliber central line in any patient in whom
antecubital or other peripheral placement attempts have
been unsuccessful. Potential sites for central line placement
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include the internal jugular (IJ), subclavian, and femoral
veins, each of which has its own benefits and potential
risks. The IJ approach, although requiring removal of the
cervical collar, can be used, as long as manipulation of
the cervical spine is avoided.

The anesthesiologist should work to maintain thermal
equilibrium in the pelvic trauma patient. Hypothermia will
potentiate dilutional coagulopathy which may already be
existent due to systemic acidosis. In addition, shivering and
vasoconstriction in response to cold will demand an
additional metabolic effort that may predispose elderly
patients, and others with coronary artery disease to develop
myocardial ischemia.

Because many trauma patients arrive at the TRS of the
emergency department already cold from exposure to the
elements, early active warming measures are required. All
intravenous fluids should be prewarmed or infused
through a warming device. The patient should be kept
covered with warmed blankets whenever possible, and the
environment should be kept warm enough to make the
patient comfortable. If hypothermia has already developed,
the use of forced hot air warming is strongly indicated.
Although these measures are routine in the modern OR,
these techniques should also be employed in the TRS and
during transport to the CT scanner and angiography suite
when able.

Urgent and emergent pelvic trauma cases will require
general anesthesia because the patient’s airway will be pro-
tected, multiple operations can be performed, and the
patient can better tolerate the instabilities and manipulations
required during the initial management period. A reduction
in the patient’s requirement for anesthesia (i.e., hypotension
occurring at lower than expected anesthetic doses) should
further heighten the concern for more aggressive resuscita-
tion to replete intravascular volume. Fluids and blood pro-
ducts should be administered and further diagnostic studies
undertaken to establish the adequacy of resuscitation (as
described preceedingly, and in Volume 1, Chapter 18). The
presence of any missed injuries should also be reconsidered.

Controlled hypotension will decrease intraoperative
bleeding and facilitate surgery in many orthopedic
procedures, but it should be used only in patients without
contraindications (underlying cardiovascular disease, SCI,
TBI) who are known to be adequately fluid resuscitated.
Mean arterial pressure (MAP) can be transiently lowered
20 mmHg below baseline by increasing anesthetic depth
during critical periods of the operation where significant
bleeding is more likely. However, the patient should have
PRBCs in line and ready for more aggressive repletion if
the BP drops precipitously.

Jehovah’s Witness patients present unique challenges
for the anesthesiologist in the pelvic trauma setting in that
most will not accept blood products despite their life-saving
capabilities (see Volume 2, Chapter 67) (50–52). In the multi-
ply-traumatized pelvic injury patient, cell-saver technology
remains a viable option. However, a novel method has been
described using intrailiac balloon occlusion to decrease
blood loss during the repair of acetabulum fracture and
other pelvic orthopedic procedures (50–52). Advances in per-
cutaneous fixation of pelvic fractures are an option to mini-
mize blood loss, yet stabilize the pelvis and avoid
prolonged bed rest and traction.

Opioid requirements in trauma patients can vary
widely, depending on the extent of injury and the individual
history of substance use and abuse. If possible, allowing the
patient to breathe spontaneously before the end of the

procedure will provide a useful indicator of the patient’s
need for analgesics; respiratory rates greater than 20 per
minute will generally indicate a need for further analgesia.

CRITICAL CARE MANAGEMENT

If a hemodynamically stable patient is admitted to the surgi-
cal intensive care unit (SICU) after a high-energy trauma
with a pelvic fracture, the patient must be monitored
closely for signs of ongoing bleeding. Often the patient will
be stable initially, yet can deteriorate rapidly. In such situ-
ations, the orthopedic surgeon must be immediately avail-
able to treat the patient (53).

The patient must be closely monitored for throm-
boembolic phenomena. The risk of deep vein thrombosis
is as high as 60% in trauma patients with pelvic fractures.
Although no method has proven ideal for screening, the
patient should be on chemoprophylaxis if not contraindi-
cated from internal injuries and mechanical prophylaxis.
Consideration should also be given to placement of inferior
vena cava (IVC) filters in certain high-risk patients (see
Volume 2, Chapter 56) (54).

Patients should be mobilized as soon as possible.
Unlike acetabular fractures, there are generally no restric-
tions in terms of range of motion in patients with pelvic frac-
tures after fixation (55). An external fixator allows the patient
to be mobilized as needed. Range of motion of all joints
should be performed at least daily on patients who are
unconscious or unable to conduct their own exercises.

Prevention of ankle equinus contractures is critical, espe-
cially in patients with neurologic injuries. Ankle–foot
orthoses can be used to prevent such contractures (56).
Pressure ulcers must be anticipated and prevented (57).

EYE TOTHE FUTURE

Methods of fixation in pelvic fractures continue to improve.
Minimally invasive techniques have reduced the compli-
cations associated with traditional open approaches to the
sacrum, including wound dehiscence, blood loss, and the
need to place the patient prone for surgery (58). For
example, the treatment of type B lateral compression injuries
of the pelvic ring with anterior distraction external fixation is
a highly effective, yet relatively simple and minimally inva-
sive treatment method. Surgical time and blood loss are
minimal; patients can be effectively and rapidly mobilized.

CT-guided surgery has been reported as an adjunct in
treating pelvic fractures (59). Although percutaneous tech-
niques have greatly advanced the treatment of pelvic ring
injuries, there are potential complications. The most feared
is neurovascular injury. Imaging of the pelvis using fluoro-
scopy can be difficult, especially in obese patients or those
with dysplastic anatomy. A report from 2003 describes the
use of local anesthetic and the CT scanner for placing SI
screws (60). The potential advantages include ease and accu-
racy of screw placement, the ability to monitor neurological
status in a conscious patient, and reduced cost.

Protocols calling for initial stabilization and early
immobilization and appropriate fluid and vasopressor man-
agement will likely improve care. A retrospective study
seemed to support this, but a large prospective randomized,
controlled trial is still required (2,61).
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SUMMARY

Numerous advances in the management of pelvic fractures
have improved outcomes. The early 1980s saw the introduction
of CT scanning and arteriography along with the introduction
of embolization and external fixation techniques. Over the
last 25 years, each of these areas has become more sophisti-
cated, as has the decision making and emphasis on early fix-
ation, early ambulation, and thromboembolic prophylaxis of
patients when possible.

This chapter has reviewed each of these areas along
with the important anatomic relationships that underpin
the pathology. The close association between the bony
pelvis and the arterial supply is detailed early in the
chapter along with the concerns of venous pelvic bleeding
due to the thin-walled valveless retroperitoneal plexus,
which is not capable of vasoconstriction. Thus hemorrhage
generally continues until tamponade occurs. Early provi-
sional stabilization as occurs with the use of a pelvic
binder decreases the space for bleeding and decreases the
time required for tamponade to occur.

The quality of minimally invasive (percutaneous) tech-
niques continues to improve. These devices decrease blood
loss, pain, and the time required to accomplish definitive
repair. This, along with advances in angiographic diagnosis
and embolization/bleeding vessels constitute the most
important considerations for decreasing the early morbidity
following pelvic fracture. Early definitive fracture repair, in
conjunction with prompt management of other injuries,
allows for earlier mobilization of the patient and decreases
the risk of venothromboembolic complications (an important
cause of later morbidity and mortality).

The current recommended approach to pelvic fractures
is provided in the algorithm by Miller et al. (Fig. 18). The
algorithm outlines one method of managing unstable pelvic
fractures. If the pelvic fracture does not have bony instability
but the patient is hemodynamically unstable, other sources of
bleeding should be sought and pelvic fracture considerations
take on secondary importance.

The hemodynamically unstable patient with an
unstable pelvic fracture requires a team approach. If clini-
cally unstable and there is no response to fluid resuscitation,
the patient is a candidate for angiography and external fix-
ation. In hospitals with the equipment and personnel
immediately available to perform diagnostic and therapeutic
angiography, patients should have the pelvis bleeding tam-
ponaded with a sheet or a pelvic binder, and undergo
immediate angiography when there is a high suspicion for
arterial bleeding. However, if the angiography cannot be
done expeditiously, an external fixator should be placed
while awaiting the angiography team to mobilize and
prepare for the pelvic trauma patient. Each hospital should
have its own algorithm regarding the management of
acute pelvic fractures. These recommendations will vary
depending on the resources available in each institution.

KEY POINTS

The initial hemodynamic status of the patient with
pelvic fractures is a main predictive factor associated
with death (2).
Without the vast array of pelvic ligamentous structures,
the three bones comprising the pelvic ring would have
no inherent stability.
The major blood supply to the pelvis derives from the
paired hypogastric (internal iliac) arteries.
Without performing angiography, it is impossible to
know clinically if a retroperitoneal hematoma is
caused by disruption of major arteries, veins, or
smaller, unnamed blood vessels (9).
Numerous pelvic binders are available, and one should
be employed to stabilize the obviously fractured pelvis.
The use of lower extremity intravenous access is not
recommended in pelvic or abdominal injuries because
infused fluid might not enter the central circulation
due to possible disruption of pelvic veins or the inferior
vena cava (3).
It is strongly recommended that IV access be estab-
lished and an initial fluid bolus be administered prior
to temporarily releasing pelvic pressure (i.e., release
of pelvic binder or PASG device) because significant
and abrupt hypotension frequently occurs at this time.
A thorough understanding of the fracture pattern and
mechanism of injury is important. Young and Burgess
described a classification of pelvic fractures based on
the mechanism of injury.
All open wounds located in the groin or perineum are
suspicious for an open pelvic fracture, and must be
carefully inspected for size, contiguity with bones or
joints, and degree of contamination.
Diverting colostomy is required for all perineal and peri-
rectal wounds. Otherwise, pelvic infections including
osteomyelitis are common.
Radiographic signs of pelvic instability include more
than 5 mm of displacement of the posterior SI
complex, the presence of a posterior fracture gap (as
opposed to impaction), and avulsion fractures of the
posterior iliac spine, sacrum, ischial tuberosity, or trans-
verse process of the fifth lumbar vertebra.
The first major goal of the trauma practitioner in con-
trolling pelvic bleeding is stabilization of the unstable
pelvic injury.

Figure 18 Algorithm for management of bleeding pelvic

fracture patient. Abbreviations: CT, computed tomography;

ICU, intensive care unit. Source: From Ref. 33.
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Lateral compression injuries are not improved with an
external fixator.
Unstable AP and vertical sheer fractures are most
amenable to external fixation when provisional stabiliz-
ation is required.
In the case of a negative test for intraabdominal blood in a
patient with ongoing hypovolemic shock and major
pelvic disruption, angiography should be performed
and an external fixator applied (32,33).
If possible, the fixator can be placed in the angiography
suite prior to the angiogram, utilizing the imaging
equipment available there.
If the FAST or DPL results are grossly positive and the
patient responds only transiently, laparotomy is
required to assess the intraabdominal injury and the
pelvic binder should be maintained, but positioned at
the hip level; or, an external fixator should be placed
during surgical prep of the abdomen (30).
If the patient with pelvic fracture is stabilized and able
to undergo a CT scan, it should be contrast-enhanced.
In general, diverting colostomy should be done in
patients with extensive open perineal wounds or open
posterior pelvic wounds (43–46).
Hypovolemic patients will become hypotensive
with the administration of any induction anesthetic
because of interruption of compensatory sympathetic
outflow.
Pelvic trauma patients should have intravenous access
placed via tributaries that drain into the superior vena
cava.
The risk of deep vein thrombosis is as high as 60% in
trauma patients with pelvic fractures.
Range of motion of all joints should be performed at
least daily on patients who are unconscious or unable
to conduct their own exercises.
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José A. Acosta
Division of Trauma and Critical Care, Department of Surgery, Naval Medical Center San Diego, San Diego, California, U.S.A.

INTRODUCTION

Extremity injuries are common in both civilian and military
trauma settings (1). Although isolated distal limb injuries are
not usually life-threatening, they can contribute to the long-
term disability and poor outcomes with respect to ultimate
function and the patient’s ability to resume employment (2–4).

Proximal injuries are often more threatening to the
patient’s initial survival and systemic resuscitation consider-
ations, partly because of the likelihood of adjacent torso
trauma, partly due to the significant blood loss that can
occur, and partly due to the risk of vascular integrity to the
remainder of the limb (1). In the upper extremity, vascular
trauma to the axilla and antecubital fossa are most danger-
ous; in the lower extremity, the inguinal/groin region, the
medial thigh (i.e., “Hunter’s canal”) and the popliteal fossa
are danger areas (5).

More distal wounds are less likely to result in general-
ized limb ischemia; however, these can also be most
debilitating from a long-term rehabilitation perspective.
Indeed, losing the use of one’s hands results in major diffi-
culties in self-care, as well as difficulty in returning to most
prior employment or professional positions. Furthermore,
the loss of one’s hands results in major psychological
hurdles that persist over the remaining life of the victim,
and upper extremity prosthetics remain inadequate in
terms of hand function. Loss of one’s feet results in pro-
prioception and balance difficulties that must be overcome
with the use of a prosthesis. But major advances in lower
extremity prosthetics continue to lessen the burdens
related to the loss of a foot or leg.

This chapter provides a review of extremity trauma
considerations focused on the knowledge that is most

important to physicians working in the trauma resuscitation
suite of an emergency department (ED), anesthesiologists
caring for these patients in the operating room (OR), and
by managing these patients in the surgical intensive
care unit. The numerous specific technical details of
orthopedic surgical treatment for these lesions are beyond
the scope of this chapter; however, the key considerations
that should be known by the allied consulting services
are provided.

This chapter begins with an overview of initial
evaluation and stabilization principles including resusci-
tation priorities, determination of injury extent (including
neurovascular integrity), and the principles of immobiliz-
ation. Management considerations are then provided for
specific injuries including: lacerations, fractures (open
vs. closed), nerve avulsion, traumatic amputation, the
crushed (or mangled) extremity, high-pressure injection
injuries, bites (human and animal), and tendon disrup-
tions. Burn injuries are common to extremities, but are
not discussed here due to their extensive coverage in
Volume 1, Chapter 34.

Special problems related to extremity trauma are also
surveyed, including the diagnosis and treatment of com-
partment syndromes, rhabdomyolysis, and extremity infec-
tions. Key considerations relevant to the anesthetic
management of these injuries are provided, and the
reader is also referred to Volume 1, Chapters 19 and 20
for further discussion of these topics. The “Eye to the
Future” section previews new techniques in the manage-
ment of extremity injuries that will soon be incorporated
into clinical practice.
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INITIAL EVALUATION AND STABILIZATION
Initial Evaluation
The Primary Survey (Volume 1, Chapter 8) for patients with
major extremity injuries is approached the same as for any
trauma patient; starting with the airway, breathing, circula-
tion (with hemorrhage control), disability, and exposure
(with environmental control). A key component to this
process involves the control of hemorrhage using vascular
pressure points and direct pressure dressings early in man-
agement.

The secondary survey of extremity trauma care rep-
resents the evaluation and initial management phase and
prioritizes injuries in the following sequence:

1. Evaluation of the anatomic (or nonanatomic) nature of
the extremity, the adequacy or not of splinting and
immobilization devices, and the need for reduction of
dislocated joints.

2. Confirmation of vascular integrity of the extremity
(pulses, skin color, temperature and capillary refill, etc.).
If the extremity perfusion is abnormal, systemic per-
fusion must be confirmed to be adequate, as an initial
step in investigating the regional perfusion. Pulses must
always be documented before and after reduction of frac-
tures or dislocations.

3. Verification of nerve integrity is performed by evaluat-
ing sensation and motor function. This too is accom-
plished in pre- and postreduction. Even with the most
severe extremity injuries, careful attention must be
paid to assessing neurologic function. Common nerve
injuries include the sciatic nerve with posterior hip frac-
ture dislocations and radial nerve palsies with humeral
shaft fractures. If a thorough neurologic exam cannot
be completed, this must be documented as such in the
chart and performed as soon as possible. Simply docu-
menting the patient is “moving all extremities” is inade-
quate; a specific motor and sensory assessment must be
made for each nerve tested (upper and lower extremity).

4. Fractures are fully evaluated to determine if open or
closed. Even a small abrasion or puncture wound
located over the fracture site constitutes consideration
as an open fracture, until further evaluated by the
orthopedic surgeon. Wounds may be located somewhat
remote from the fracture site, but are still considered
open if the fracture hematoma communicates with the
environment.

5. All major joints are evaluated for dislocation and or
open wounds. Abrasions or lacerations in proximity
to joints should be considered open until verified by
the orthopedic surgeon (often determined by injecting
methylene blue or saline into the joint space: if solution
leaks out of the puncture site, the joint is open).

6. Next, the presence of a compartment syndrome or like-
lihood of one development is considered, and evalu-
ation or monitoring plans made (e.g., tibial plateau
fractures have increased risk compared to simple
mid-shift tibia–fibula fractures). If the initial exam
reveals a high likelihood for a compartment syndrome
development, serial exams continue and compartment
pressures are measured, and fasciotomies performed
if needed (as discussed subsequently).

7. The degree of wound contamination is determined, and
wound grading occurs after initial limb-saving maneu-
vers are completed, and appropriate debridement and

antibiotic coverage is employed (as discussed sub-
sequently).

8. Other extremity-pertinent information is determined
including extremity dominance, allergies, tobacco
history, lifestyle considerations (e.g., musician or phys-
ician, i.e., right-hand dominance, etc.), and psychiatric
evaluation (e.g., will patient do the rehab needed to
make a replantation function).

9. A complete history is obtained if and when possible.
However, full historical information is frequently
lacking, and it is not uncommon for trauma victims to
arrive in the OR with no information at all about their
past medical and surgical history. It is imperative to
gather pertinent information as quickly as possible,
from the patient, if alert, from relatives and companions
if present and knowledgeable, but details about pre-
scribed medications are often sketchy.

10. Allergies are usually unknown, so it is always prudent
to administer antibiotics with caution and in divided
doses, observing for cutaneous or systemic signs of
allergy after intravenous (IV) antibiotics are adminis-
tered. True allergies to anesthetic agents and opioids
are quite rare, but sensitivity to frequently used
antibiotics is more common (Volume 1, Chapter 33).

Early Resuscitation and Transfusion Considerations
Massive crush injury to extremities and limb girdles gener-
ally results in significant hemorrhage necessitating aggres-
sive resuscitation. This degree of hemorrhage can result in
a coagulopathy caused by consumption of coagulation
factors and/or in the presence of acidosis or hypothermia
platelet dysfunction. If coagulopathy becomes a problem,
consideration of early fresh frozen plasma (FFP) infusion
as well as the use of recombinant Factor VII should be under-
taken (6). It is prudent to contact the blood supply services
early in the resuscitation sequence in cases of significant
crush injury, even before objective evidence of coagulopathy
is present, in all cases involving major resuscitation or the
probability of ongoing brisk hemorrhage.

Patients with associated traumatic brain injury (TBI),
particularly those with gunshot wounds or other massive
penetrating brain trauma, have activation of the coagulation
cascade (7). Brain tissue thromboplastin stimulates the coagu-
lation cascade to consume clotting factors and promotes a dis-
seminated intravascular coagulation (DIC), resulting in a
consumptive coagulopathy (see Volume 2, Chapter 58) (8).

The precise diagnosis of coagulation deficiencies takes
time. Most physicians empirically treat clotting disorders
concomitantly with sending a DIC screen to the laboratory.
Turnaround time for a trauma coagulation “panel” should
be less than an hour. If thrombocytopnea or coagulation
factor deficiencies are subsequently revealed, platelets and
FFP can be administered. Once hemorrhage in an injured
extremity is controlled, coagulation abnormalities are gener-
ally easy to control. If ongoing coagulopathy is occurring,
additional sources of hemorrhage should be ruled out, and
the possibility of rhabdomyolysis (discussed subsequently),
transfusion mismatched, or delayed presentation necrotiz-
ing infection (also discussed subsequently) should also be
considered. Ongoing blood, platelet, and factor replacement
should be monitored with frequent subsequent laboratory
analysis of clotting and fibrinolysis parameters.

Acidosis can result simply from poor systemic per-
fusion, and the clinical picture will not improve until resus-
citation is optimized. However, a transient exacerbation in
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acidosis can also result from reperfusion of a previously
ischemic extremity, such as occurs after release of an
extremity tourniquet. Tourniquet release can also result in
life-threatening hyperkalemia. Persistent metabolic acidosis
can exacerbate the hyperkalimia in patients with extremity
trauma and can also be related to rhabdomyolysis (discussed
subsequently).

Regarding the need for packed red blood cells
(PRBCs), precise predictions of resuscitation outcomes in
seriously injured patients are difficult. Although it may be
quite acceptable to permit hematocrits of �20% in healthy
patients undergoing controlled surgery, the same cannot be
said of unstable patients undergoing exploratory surgery
with continued hemorrhage. It usually takes about 10 to
15 minutes to procure type-specific blood. With isolated
extremity injuries, it is usually possible to wait for type-
specific, or even fully cross-matched blood (requires
45 minutes at most major trauma centers). Otherwise, in
emergent situations O-negative PRBCs should be transfused.
The hematocrit should be maintained at an acceptable level
for adequate perfusion, with frequent monitoring for
ongoing blood loss.

Evaluation of Vascular Integrity
During physical examination of significant vascular injuries,
skin color and temperature are evaluated along with the
presence and character of pulses. Pulses are compared
(right side vs. left side), and attention is given to the presence
or absence of bruits and thrills (from arteriovenous fistulae),
and the nature of active bleeding (pulsatile vs. venous ooze).
Because extremity trauma victims are often young, they can
have palpable arterial pulses distal to a significant vascular
injury. Therefore, the existence of palpable or Doppler-deter-
mined pulses does not rule out proximal vascular injury.

Ankle brachial indices (ABIs) are often used and fol-
lowed. The ABI is calculated by measuring the systolic
blood pressure (SBP) in an injured limb divided by that
obtained in a noninjured upper extremity; a value of less
than 0.9 is abnormal. Serial measurements of the ABI have
proven effective in knee dislocation patients and numerous
other common causes of lower limb ischemia. Limb ischemia
can also result from emboli or arterial vasospasm rather than
by direct vascular injury. When there is a concern that an
arterial injury has occurred, radiographic vascular imaging
should be obtained.

It is generally inadvisable to blindly attach hemostats
to bleeding vessels within a wound. Nearby nerves can be
damaged and result in permanent disability. Simple pres-
sure is advised in the resuscitative phase in order to avoid
injury to surrounding structures. Even direct clamping of
exposed vessels with Kelly clamps is avoided because the
resultant crushed vessel is subsequently more difficult to
repair. Rather, temporary placement of vascular loops, or
atraumatic bulldog clamps, can be used if direct pressure
is not satisfactory.

Upper extremity distal arteries can often safely be
ligated if the palmar arch is intact. In the lower extremity,
a single artery below the knee can often be ligated without
provoking major limb ischemia. Transected distal vessels
generally constrict and retract prior to clotting whereas
lacerated—but not transected—vessels usually continue to
hemorrhage for some time.

In general, hypotension/shock, the presence of neuro-
logic deficit, the presence of stable hematomas, and the ana-
tomic location of wounds are all fairly weak prognosticators

of the need for specific vascular surgical intervention after
trauma. More specific is an abnormal ABI (discussed
preceding). Definitive studies useful in the evaluation of vas-
cular extremity trauma are ultrasound, angiography, and CT
angiogram.

Ultrasound has been available for two decades, but its
use in peripheral arterial integrity is more qualitative and
operator-dependent. Angiography is the gold standard;
however, it is an invasive procedure. Angiography allows
the identification of pseudoaneurysms and intimal tears, as
well as signs of extravasation and truncated blood flow.

Finally, CT angiogram techniques continue to improve
with the development of improved scanners and improved
techniques. The multiple detector CT (MDCT) scanners
allow a noninvasive rapid evaluation of extremity trauma,
including vascular, soft tissue, and bony injuries, and the
reconstructed vascular images on 16- and 32-slice MDCTs
are approaching the resolution of angiograms: the newest
version, 64-slice MDCTs may surpass angiogram in becom-
ing the new gold standard imaging modality (9).

Tourniquet Use
Recommendations for the use of tourniquets vary depend-
ing upon the setting. When major extremity injuries
occur in locations far from medical help (as occurs in
forward military operations), the application of a tourniquet
can be life saving, although with likely sacrifice of the extre-
mity (10). The use of narrow tourniquets (Penrose drains,
belts, etc.) is avoided when possible because of the increased
risk of neurovascular injury. However, in austere settings,
ropes or belts may be the only available devices (Fig. 1).

In most civilian situations, direct pressure is practical
and superior to prehospital tourniquet use. However, fol-
lowing amputations or major mangled extremities, a tour-
niquet may be the only practical prehospital solution to
save the patient’s life. Once the patient arrives at a trauma
center, tourniquet use is reserved for brief periods during
definitive surgical procedures, and rarely applied during
initial management.

When patients arrive from the field in shock with a
previously applied extremity tourniquet in place following
major extremity trauma, the tourniquet should remain

Figure 1 Bilateral lower extremity tourniquets. Young adult

soldier following IED detonation with bilateral lower

extremity amputations and life-saving bilateral lower extremity

tourniquets.
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secure during the initial resuscitation period. Once the
intravascular volume is restored sufficiently to tolerate the
hypotensive effect of exposing the system’s circulation to
the ischemic limb by-products, the tourniquets can be
removed one extremity at a time. In addition, surgeons
should be available to manage any bleeding with tourniquet
release.

In the situations where temporary tourniquet use is
essential (amputations, deep lacerations), a limb tourniquet
should not be inflated beyond 250 mmHg. The tourniquet
time should be reported every 30 minutes, and every
effort should be made to keep the total tourniquet time to
less than two hours (11). An intact hand or foot can
usually tolerate two hours of ischemia, but thereafter
ischemic damage will become increasingly likely, particu-
larly if the perfusion was marginal prior to tourniquet pla-
cement (i.e., patient in shock), or if the post-tourniquet
perfusion is marginal, or infection occurs. Finally, excessive
pressure placed on the nerves beneath the tourniquet can
lead to paresthesias and neuralgias.

Extremity Immobilization, Splinting, and Traction
The acute care of extremity injury includes stabilization of
limbs (in anatomic position if possible) along with early
reduction of fractures and dislocations. Control active
bleeding with direct pressure at the site of hemorrhage
(sterile moist gauze), and with pressure to more proximal
vascular structures. Elevation of the injured extremities is
generally beneficial but only if extremities are properly
immobilized and supported. In the setting of acute arterial
injury or an impending compartment syndrome, elevation is
controversial. With ischemic limbs, elevation can decrease
arterial flow to the tissues. In the case of compartment
syndrome, elevation can theoretically increase compartment
pressures and exacerbates the compromise in tissue perfusion.

Accordingly, in these conditions (i.e., patients at risk
for compartment syndrome), the extremity should be
placed at the level of the heart. In extremity injuries with
low suspicion for compartment syndrome, the limb can be
elevated to decrease soft tissue swelling. Expedient restor-
ation of normal circulation, along with aggressive resuscita-
tion to appropriate end points (Volume 1, Chapters 12 and
18) are key elements of initial therapy. In addition, these
patients must be evaluated as soon as possible by a vascular
surgeon along with the trauma and/or orthopedic surgeon,
and admitted for surgery as appropriate.

Femoral neck fractures have a risk of avascular
necrosis based on the intra-articular nature of the fracture.

Traction is not routinely recommended for femoral
neck fractures as it decreases relative volume of the hip

joint thereby causing increased pressure. These patients
should be allowed to lie in a position of comfort, which is
flexion and external rotation. This gives maximal volume
to the hip joint and thereby reduces intra-articular pressure.

Subtrochanteric femur and femur shaft fractures
are best placed in traction. In general, this is done
with a proximal tibial traction pin. However, this is contrain-
dicated with ligamentous knee injuries, knee dislocations,
or tibial plateau fractures. Also, some traction pins can be
placed in the distal femur if care is taken to place it distal
enough to avoid interference with an intramedullary
femoral rod.

Tibial plateau fractures require a long leg splint
to immobilize the knee or, if displaced, a temporary
trans-articular spanning external fixator can be used. Tibial

pilon fractures (intra-articular distal tibia fractures) and
foot and ankle fractures should be immobilized with a
well-padded short-leg splint with the ankle oriented in a
neutral position.

TYPES OF INJURYANDTREATMENTOPTIONS
Lacerations
Lacerations are common in trauma. These can result
from sharp objects such as a knife or broken glass, or
from blunt trauma, where the shear forces on soft tissues
can be severe enough to precipitate degloving injuries.

Radiographs of the extremity should be obtained follow-

ing extremity laceration to rule out foreign body and
copious irrigation should be pursued prior to attempts at
closure. When the laceration is clean, primary repair
throughout debridement is usually possible. However,
when significant blunt trauma and torn tissues are involved,
wounds may not be amenable to primary closure initially,
especially if there has been a long duration between the
injury and seeking medical help, and/or when extremely
contaminated (i.e., barnyard injuries or human sewage
contamination).

Lacerations can involve nerves, tendons, and vascular
structures, and these structures should be evaluated prior
to repair and following repair. As many as 80% of serious
vascular injures are peripheral and 70% of these involve
the lower extremities (12). Common causes of injury are
stab wounds, gunshot wounds, industrial accidents invol-
ving slicing or cutting equipment, and motor vehicle col-
lisions (sharp metallic surfaces, glass fragments).

Gunshot wounds and injuries associated with major
bone fractures all carry very high risk of concomitant vascular
damage. It is important to remain cognizant of the possibility
of iatrogenic damage to vascular structures during cardiac
catheterization, central line placement, and interventional
techniques (vascular embolization and angiography) (13,14).

Fractures
One of the most important initial decisions in managing

fractures is to determine whether the fracture is open or
closed. Open fractures are surgical emergencies and
require prompt treatment, with surgical debridement and
institution of IV antibiotics. If indicated, tetanus status
needs to be updated. Until the last century, an open fracture
constituted a death sentence (15). During World War I, mor-
tality following an open femur fracture was 80%. After the
introduction of traction and reduction, mortality dropped
to 16%, and has since decreased further (16).

Closed Fractures
Unreduced extremity fractures, and joint dislocations,
carry the risk of associated soft tissue damage, neuro-
vascular damage, and limb ischemia. Consequently,
early reduction and stabilization are essential (17). Certain
closed fractures can be managed nonoperatively. These
include minimally displaced clavicle fractures and iso-
lated midshaft humerus fractures. Most fractures are
treated operatively to stabilize the bone and, importantly,
allow for early joint range of motion and ambulation.
Intra-articular fractures require anatomic articular
reduction to minimize the risk of post-traumatic arthritis.
Long-bone, lower extremity fractures can be amenable to
intramedullary nailing techniques, which have the added
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advantage of minimizing soft tissue dissection (Fig. 2A and
B). However, the majority of complex intra-articular or peri-
articular fractures are treated with plate and screw fixation
(Fig. 3A and B).

Open Fractures
Open fractures are classified by the Gustilo and Anderson (18)
classification, which incorporates the degree of associated
soft tissue injury (Table 1). Other specific classification
scales have been devised to characterize fractures occurring

in nearly every anatomic region of the skeleton; these are
provided in other chapters describing these injuries
(Volume 1, Chapter 28). Open fractures represent a surgi-
cal emergency requiring washout and the administration
of antibiotics based upon the grade of the fracture. The
basic principles of treatment for open fractures have
changed little over the past decade; urgent wound debride-
ment, early use of antibiotic therapy, skeletal stabilization,
and early wound coverage remain the primary goals of
treatment (17). The ramifications of antibiotic prophylaxis
for fractures are further described in Volume 2, Chapter 53.

Dislocations
Shoulders are the most commonly dislocated joints. Anterior–
posterior (A–P) and axillary views are required to assess
the direction of dislocation. Axillary nerve injuries are
the most common nerve injury with shoulder dislocations.
This is tested with sensation at the lateral aspect of the
deltoid muscle (sometimes referred to as the “Regemental
Badge” area of the deltoid) and ability to contract the
deltoid muscle.

The anterior type is the most common form of shoulder
dislocation. The less common posterior dislocations are most
often seen after a seizure or electric shock. Shoulder dislo-
cations can easily be missed on AP radiographs. A classic
finding on physical exam is inability to externally rotate the
arm beyond neutral. The dislocation should be reduced as
soon as possible. Postreduction radiographs are required.
Sedation is helpful but proper technique often allows for
reduction without sedation in cooperative patients. The
patient is placed in a sling after reduction is confirmed.

Elbow dislocations are classified according to direction
of dislocation (anterior, posterior, lateral, medial, and diver-
gent). Preoperative AP and lateral views are obtained and
evaluated for associated fractures. Fracture dislocations
are inherently unstable and after reduction should be
referred to an orthopedic surgeon as soon as possible.
Common dislocation of the upper and lower extremities
and physical findings are provided in Table 2.

Figure 2 Closed lower extremity fracture. Forty-five-year-old

female involved in an auto versus pedestrian collision with

closed segmental tibia fracture. (A) Preop films show multiple

discontinuous segments and rotation of the extremity. (B) The

six months follow-up with intramedullary nail with interlocking

screws in place.

Figure 3 Comminuted pilon fracture in immunocompromised patient 31-year-old HIVþmale after a fall/jump from .3 m. (A) The preop

of a comminuted tibia/fibula (pilon) fracture. (B) The one-year follow-up radiograph demonstrating healing and reasonable mortise joint

reconstruction.
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Hip dislocations result from high-energy trauma.
Posterior dislocations are most common (Fig. 4). They
often result from a dashboard injury. Associated injuries
include acetabular (Volume 1, Chapter 28) and proximal
femur fractures, patella fractures, and posterior cruciate
ligament injuries. Patients present with a shortened, intern-

ally rotated, and adducted leg. Sciatic nerve function must
be carefully evaluated and includes sensation of the dorsal
and plantar foot, as well as ankle, and toe flexion and
extension. Anterior dislocations occur from a hyperexten-
sion mechanism. These patients present with extension
and external rotation deformity (Fig. 5). Hip dislocations

Table 1 The Gustilo and Anderson Classification (14) of Long Bone Open Fractures

Classification Description Antibiotic prophylaxis

Class I Skin wound less than 1 cm, low

energy, often simple fractures,

clean

Cephalosporina, b 24–488

Class II Laceration greater than 1 cm,

often comminuted fractures

without extensive crushing

component, flaps, or avulsions

Cephalosprina,b 48–728+
aminoglycosidec (if

contaminated)

Class III Greater than 1 cm wound or sig-

nificant soft tissue injury or

fracture comminution, high

energy (e.g., gunshot wounds,

motor vehicle accidents, falls

from height), subdivided based

on management required

Cephalosprina,b plus aminogly-

cosidec 3–7 days or for 248
after wound

closed + clindamycind

IIIA—Extensive soft tissue

damage but has adequate

periosteal bone coverage and

usually does not require major

reconstructive surgery

IIIB—Extensive soft tissue

damage with periosteal strip-

ping that leaves bone exposed,

requires flap placement for soft

tissue coverage

IIIC—Vascular injury to a named

artery requiring repair

aFirst-generation cephalosporin (cefazolin, cephalothin).
bVancomycin if MRSA is indemic.
cGentamicin, tobramycin, and amikacin.
dMetronidazole if allergic to clindamycin, or high incidence of resistance.

Abbreviation: MRSA, methicillin-resistant S. aureus.

Source: From Refs. 15, 18.

Table 2 Common Joint Dislocation Deformities

Joint Direction Deformity

Shoulder Anterior Squared off

Posterior Locked in internal rotation

Elbow Posterior Olecranon prominent posteriorly

Hip Anterior Shortened, flexed, abducted,

externally rotated

Posterior Shortened, flexed, abducted,

internally rotated

Knee Anteroposterior Loss of normal contour, extended

Ankle Externally rotated, prominent

medial malleolus

Subtalar joint Lateral is most common Laterally displaced os calcis

Source: From Ref. 1.
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require emergent reduction to decrease the risk of
avascular necrosis. Post-reduction plain radiographs
(AP pelvis) and post-reduction CT scan are obtained. The
CT scan evaluates occult femoral head-and-neck fractures
(Fig. 6), acetabular fractures, intra-articular fragments, and
concentric reduction.

Knee dislocations can be anterior, posterior, lateral,
medial, or rotatory. Knee dislocations have a high rate of
associated damage to the popliteal artery, peroneal nerve,
and associated compartment syndrome. One must have a
high clinical suspicion for knee dislocation that has spon-
taneously reduced. The knee may present with an effusion,
and at times, may not have an effusion. Physical exam
must test the anterior and posterior cruciate ligaments and
the medial and lateral collateral ligaments. ABIs should be
monitored and if ,0.9, radiographic vascular imaging may
be indicated.

Nerve Avulsion Injuries
Plexus Injury
When extremities are wrenched violently, there is a risk of
stretch damage, and even tearing, of nerves, which can
lead to exceptionally troublesome pain syndromes lasting
long after the acute phase of treatment. The shoulder joint
is particularly vulnerable. Scapulothoracic dissociations are
high-energy injuries in which the shoulder girdle is pulled
away from the axial skeleton (Fig. 7A). They have a high
rate of associated brachial plexus injury as well as arterial
injury (Fig. 7B). Avulsion injuries of the brachial plexus are
potentially devastating, with the threat of permanent loss
of limb use combined with severe post-trauma pain (neural-
gia). The precise mechanisms leading to severe post-trauma
pain are incompletely understood, but clearly, tearing and
stretching of major nerve trunks can logically lead to poten-
tial future difficulties for the patient. One way of minimizing
(but not eliminating) subsequent pain is by the prompt
administration of peripheral nerve blocks proximal to the
site(s) of injury. However, this is an incomplete treatment
plan.

Stretch injuries are treated nonoperatively, and nerve
blocks and analgesia are adequate for these injuries, so
long as extreme caution is taken not to further injure the
plexopathy during the application of a regional technique.
There appears to be an increased theoretical risk of periph-
eral nerve injury with a regional technique in these patients
because there is an indistinct end point (i.e., twitch monitors
may not work due to nerve injury), however, this has not
been prospectively studied.

Accurate diagnosis is critical in determining operative
versus nonoperative treatment (19). In 85% of patients, CT
myelography with 1 mm to 3 mm axial slices provides
reliable diagnostic precision (19). However, MRI may be
required in difficult cases (19). The management goal is to
allow the patient to regain maximum function of the extre-
mity and to avoid complex pain syndromes that become
debilitating to the patient and challenging to treat.

Peripheral Nerve Injury
Peripheral nerve laceration is common, and generally amen-
able to surgical repair by apposition and suturing of the
neural sheath. Acute treatment generally consists of recog-
nizing the nature of the injury, ensuring that further tissue
damage is avoided, and making referral to the appropriate
specialty surgical service. Common peripheral nerve injuries
and their mechanisms are provided in Tables 3 and 4, for
upper and lower extremities, respectively.

Figure 4 Right hip dislocation. Seventy-year-old male

following a motor vehicle collision resulting in a right posterior

hip dislocation.

Figure 5 Left open hip dislocation. Forty-year-old male

with a left open anterior hip dislocation. Note left proximal

medial thigh wound, shortening, and external rotation of the

extremity.

Figure 6 Femoral head fracture. Postreduction-computed tomo-

graph demonstrating previously occult left femoral head fracture.
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Immediate repair considerations versus delayed repair
should be part of the decision-making algorithm. Avulsion
injury to a peripheral nerve is much harder to repair
because of the associated fiber distortion and extensive
local damage caused by shearing trauma. Significant
research effort has been devoted to the generation of a
synthetic guidance conduit for avulsed nerve repair (20,21).

Traumatic Amputation
Traumatic amputation sites should be washed gently in
warm saline. It is important to not submerge limbs or manip-
ulate them unnecessarily. Exposed amputation sites should
have moist gauze and ice packs applied initially. Amputated
fragments should be kept moist in plastic bags that are
submerged in ice water slush. In cases of incomplete ampu-
tation, the affected site should be gently covered with moist

gauze, the extremity structures should be gently aligned and
splinted in place, and none of the tissue should be discarded.

Once the patient has arrived at a definitive treatment
facility, assure adequate homeostasis and volume resuscita-
tion, as well as obtain early surgical consultation. Consider
the possible need for transfer/transport to a specialized
center if reimplantation is planned.

Proximal peripheral nerve blocks can provide very
useful medium-term analgesia, particularly when transport
to distant facilities is needed, but the use of long-acting anes-
thetic agents must not be allowed to complicate subsequent
neurologic examination of the injured limb. The prenerve
block neurologic exam must be carefully documented. Treat-
ment decisions are influenced by intact nerve function.
Peripheral nerve blocks are also very useful, subsequently,
in cases where amputated extremities are being reimplanted.
Their value lies not so much in pain control, but rather in

Figure 7 Bracheoplexopathy. Fifteen-year-old male following an all terrain vehicle crash causing a right scapulothoracic disassociation

(A) The patient also suffered a complete bracheoplexopathy; the magnetic resonance imaging study (not shown) did not demonstrate

any nerve avulsions. Angiogram (B) demonstrates transection of the right subclavian artery with good collateral flow. This lesion

required a saphenous vein interposition graft.

Table 3 Peripheral Nerve Assessment of Upper Extremities

Nerve Motor Sensation

Common locations and

mechanisms of injury

Ulnar Index finger

abduction

Little finger Elbow injury

Median distal Thenar con-

traction

with

Opposition Index finger

Wrist dislocation

Median, anterior

interosseous

Index tip

flexion

Supracondylar fracture of

humerus (children)

Musculocutaneous Elbow

flexion

Lateral forearm Anterior shoulder

dislocation

Radial Thumb, fin-

ger MCP

extension

First dorsal web space Distal humeral shaft,

anterior shoulder

dislocation

Axillary Deltoid Lateral shoulder Anterior shoulder dislo-

cation, proximal

humerus fracture

Abbreviation: MCP, metacarpal-phalyngeal.

Source: From Ref. 1.
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the increased blood flow to the wound site promoted by
sympathectomy.

Decisions regarding replantation of amputated extre-
mities are specialists’ decisions (22). Individual digits of
the hand are commonly replanted, toes much less frequently
(except hallux, the great toe). Entire hands are also replanted
with reasonable frequency, in contrast to amputated
feet. Because lower extremity prostheses function
much better than upper extremity prostheses, upper limb
salvage retains the highest emphasis. A poorly func-
tional, native upper extremity is preferred in most cases
to a prosthetic arm. In general, the more proximal the
amputation, the less likely replantation is to be successful
in restoring acceptable limb function. Positive indicators
for replantation are: pediatric trauma, a clean wound,
thumb amputation, and/or multiple digit amputation.
Relative contraindications to replantation are: single-digit
amputation, wound contamination, severe crush injury, a
smoking history (anticipation of continued smoking), and
psychiatric disorder (see Volume 2, Chapter 65) (14). Life-
threatening injury or illness precludes a safe transfer to an
appropriate surgical facility (or precludes extensive time in
the OR) (22,23).

Crush Injury/Mangled Extremity
Crush injuries result from significant force directed at
tissues, compressing, bursting, or shearing soft tissue, and
crushing bone (24). The result is often extensive tissue
disruption with associated hemorrhage. Common causes
of crushed, mangled extremities are motorcycle crashes,
motor vehicle collisions, and pedestrian impact injuries.
Industrial crush injuries often involve unprotected machin-
ery or dislodged supplies, such as steel plates and girders
or rolls of cable and wire. Crush injury is often an accompa-
niment of building collapses, especially related to earth-
quakes (25). Falls from significant heights can result in

crush injuries. Similarly, mangled extremities can be
caused by close-range shotgun blast. Crush injuries are
associated with significant soft tissue damage, bone fracture,
and neurovascular insult. Adequate resuscitation and stabil-
ization is essential as a precursor to decisions regarding
definitive therapy. In the military setting, mangled extremi-
ties result from bomb blasts, mines (Fig. 8), and improvised
explosive devices (IEDs) (Fig. 9).

Primary amputation is an important consideration in
mangled and nonsalvageable extremity injuries, in particular
for the lower extremity, which has seen a revolution in
technologies that allow prosthesis fitting with subsequent
acceleration in rehabilitation. However, to date, suitable
affordable upper limb prostheses have not been developed.
The major hurdle is the inability to compensate for the
loss of fine coordinated movements, tactile sensation,
and proprioceptive feedback of the hand (26,27). Not sur-
prisingly, upper extremity amputation is associated with
poorer general health, vitality, and social interaction (2,3,28).

For badly mangled extremities, an early decision is made
regarding the advisability of primary amputation or attempted
limb salvage (Figs. 8–10). Criteria for amputation are devita-
lized muscle and nerves distal to the elbow/knee, proximal
crush injury, greater than six hours of arterial occlusion in the
affected extremity, or severe associated trauma with persistent
hypothermia, acidosis, and coagulopathy (“life over limb”)
(29). After initial field stabilization, the crush injury victim
needs prompt attention in an appropriate facility (trauma
center). Field dressings should only be removed by skilled pro-
viders (optimally the surgical team). Bleeding must be con-
trolled promptly, existence of other injuries must be
identified and appreciated, damage to the mangled limb
must be catalogued and classified, and IV antibiotic therapy
should be initiated early. Patients with mangled extremities
and risk of arterial injuries (Fig. 10) require evaluation with
CT angiography or regular angiography.

Table 4 Peripheral Nerve Assessment of Lower Extremities

Nerve Motor Sensation

Common

locations and

mechanisms of

injury

Femoral Knee extension Anterior knee Pubic rami

fractures

Obturator Hip adduction Medial thigh Obturator ring

fractures

Posterior tibial Toe flexion Sole of foot Knee dislocation

Superficial

peroneal

Ankle eversion Lateral dorsum

of foot

Fibular neck

fracture, knee

dislocation

Deep peroneal Ankle/toe

dorsiflexion

Dorsal 1st to 2nd

web space

Fibular neck

fracture, com-

partment

syndrome

Sciatic nerve Plantar

dorsiflexion

Foot Posterior hip

dislocation

Superior gluteal Hip abduction Acetabular

fracture

Inferior gluteal Gluteus maximus

hip extension

Acetabular

fracture

Source: From Ref. 1.
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Rapid clotting substances, such as Quick-ClotTM,
developed for military use, are available which can be
placed directly on rapidly hemorrhaging wounds by
prehospital personnel, but once definitive wound manage-
ment is being performed, the substance must be thoroughly
irrigated out of the wound, because the congealed material
in a contaminated wound serves as a nidus for infection.

Sensation in hand/foot should be part of the initial
evaluation to help determine the practicality of salvaging
an ultimately functional limb. Before initiation of anesthesia,
circulation to injured limb was assessed (physical exam,
Doppler ultrasound, arteriography).

The Mangled Extremity Severity Score (MESS) was
developed by Helfet et al. (Table 5) in 1990, and tested in

25 trauma victims with 26 severe lower-extremity open frac-
tures with vascular compromise (24). Four significant criteria
(with increasing points for worsening prognosis) were
scored: (i) degree of skeletal/soft-tissue injury; (ii) presence
of limb ischemia; (iii) presence of shock; and (iv) patient
age. There was a significant difference ( p , 0.01) in the
mean MESS scores in the 17 salvaged limbs (MESS ¼ 4.88)
and the nine limbs requiring amputation (MESS ¼ 9.11).
This scoring system was then prospectively evaluated in 26
lower-extremity open fractures with vascular injury over a
12-month period at two trauma centers. Again, there was a
significant difference in the mean MESS scores; 4.00 for the
14 salvaged limbs and 8.83 for the 12 amputated limbs
( p , 0.01). In both the prospective and retrospective

Figure 8 Anti-personnel land mine. (A) Mechanism of injury. Partial or complete amputations at the midfoot or distal tibia are

common. More proximal debris can be driven-up into tissues along fascial planes stripped from the bone. The ultimate degree

of injury relates to the size of the mine, proximity of the victim during the blast, as well as the type of boot worn during detonation.

(B) Twenty-one-year-old U.S. Marine. Obliterated left heal from a land mine. Tendons, muscle, and bone exposed. Extensive soft

tissue damage is present beyond the current view. Because of the missing soft tissue, this is a nonsalvageable injury requiring

amputation below the knee.

Figure 9 Multiple trauma and mangled extremities. A 31-year-old al-Qaeda/Taliban victim of his own IED. The subject was in process

of arming/preparing IED, squatting over the device when it exploded. Injuries to face, all four extremities, and genetalia. (A) On

gurney with American doctors providing emergency resuscitation, intubation just accomplished, a left subclavian central line is being

established to administer additional fluids (right femoral vein nine Fr cordis already in place). Post-op (B), on gurney, intubated,

ventilated. All extremity injuries were nonsalvagable, and amputated proximal to soft tissue injury. Amputation is the quickest method to

control bleeding. Patient presented in profound shock, minimal urine output is seen in urinometer collection bag. There are limited

resources in the immediate down range environment (30 units of blood) at the Forward Surgical Team (FST) tent in southwestern

Afghanistan where this patient first arrived. This patient was then medevacuated from the FST to the receiving combat support hospital at

Bagram Airfield in Afghanistan (See Volume 1, Chapter 5 for details on FST and CSH layouts). This patient died on postoperative day 3 of

renal failure and multiple organ dysfunction syndrome (MODS) related to his initial shock and crush injury (including rhabdomyolysis).

Source: Photos courtesy of José A. Acosta, South Eastern Afghanistan, 2005.
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studies, an MESS score of greater than or equal to 7 had a
100% predictable value for amputation (24).

This relatively simple, readily available scoring system
of objective criteria was highly accurate in acutely discrimi-
nating between limbs that were salvageable and those that
were unsalvageable and better managed by primary ampu-
tation. Caution should be advised when using this score
in that: (i) the MESS was only studied in lower extremity
injuries (upper extremities generally have better collateral
circulation but less optimal prosthetic devices, thus salvage
attempt may be more appropriate in an upper extremity
with a high MESS); (ii) microvascular techniques are
continuing to evolve, allowing limb salvage in previously
unrecoverable injuries (24); (iii) most surgeons will extend

initial surgical attempts to those patients with higher
MESS to provide the patient the benefit of the doubt, particu-
larly for upper extremities where prosthetic options are
still suboptimal. The MESS score should not be the
sole criterion for amputation, rather it should be used as
an adjunct in the decision-making process.

High-Pressure Injection Injuries
These injuries require a high degree of suspicion for
early recognition. They frequently result from use of
high-pressure paint/spray/grease guns, and high-pressure
industrial equipment. Initially, the wound may look quite
benign. Look for signs of crepitus in the area of the wound
and obtain an immediate surgical consultation when the
history includes this type of injury mechanism. Delay in
treatment can be catastrophic to the extremity (30–32).
Depending on the nature of the injectate, there may be a sig-
nificant risk for inflammation (paint solvents) and fibrosis
(grease) together with the significant tissue disruption that
occurs as a result of the high-pressure insult. Immediate fas-
ciotomy may be necessary depending upon the nature of the
injury.

Bites
Human bites involving the carpal–metacarpal joints are
common, and results when the skin (and joint capsules)
of the dorsum of the fist are punctured by an opponent’s
tooth (33,34). These “Fight bite” wounds are often contami-
nated with Staphylococcus and Streptococcus species and
mouth anerobes; immediate washout in the OR along
with antibiotic prophylaxis is generally recommended.
Untreated wounds can present, subsequently, as purulent
swollen hands with decreased range of motion in the
digits. Purulent tenosynovitis can also develop in similar
fashion resulting from bites or foreign bodies such as
splinters and glass debris. Animal bites are usually from
dogs and cats, the latter generating small puncture
wounds that have a high incidence of associated infection.

Figure 10 Mangled upper extremity. Sixty-five-year-old male

farm worker had right upper extremity caught in a combine

machine. Patient presented to UCSD Medical Center 12 hours after

the injury in shock from a rural area in the Imperial Valley of

California. The nonperfused mangled extremity ultimately

required glenohumeral disarticulation.

Table 5 Mangled Extremity Severity Score

Category Description Points

Skeletal/soft tissue Low energy (stabs, simple closed fracture, small-caliber gunshot) 1

score Medium energy (open or multilevel fracture, dislocation, moderate crush) 2

High energy (close-range shotgun, high-velocity gunshot) 3

Massive crushþ contamination (logging, railroad, oil rig accidents) 4

Shock score Normotensive (BP stable in field and in the OR) 0

Transiently hypotensive (SBP ,90 mmHg in field, but responsive to IV fluids) 1

Prolonged hypotension (SBP ,90 mmHg despite IV fluids in ED) 2

Ischemia scorea None—pulsatile limb w/o ischemia 0

Mild—diminished pulses w/o signs of ischemia (perfusion normal)a 1

Mild and prolonged—same as mild above, but over 6 hr duration 2

Moderate—no pulse by Doppler, sluggish cap refill, paresthesia, weaka 2

Moderate and prolonged—same as moderate above, but over 6 hr duration 4

Advanced—pulseless, cool, paralyzed, numb, no cap refilla 3

Advanced and prolonged—same as advanced above, but over 6 hr duration 6

Age group Under 30 yr 0

30–50 yr 1

.50 yr 2

aScore doubled for ischemia .6 hours.

Abbreviations: BP, blood pressure; ED, emergency department; OR, operating room; SBP, systolic blood pressure.

Source: From Ref. 24.
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Generalized therapy for extremity bites includes

radiographic evaluation (rule out of foreign body and/or
fracture), aggressive lavage, and debridement, together
with appropriate antibiotic therapy.

Tendon Disruption
Tendon disruption following trauma results from three
major mechanisms. (i) Blunt injury as with sports trauma
(typically involving the Achilles or biceps tendons); (ii)
lacerations often involving the flexor tendons on the volar
surface of the upper extremities; (iii) mangled extremities.
With mangled extremities, tendons and muscles are severely
damaged, making primary repair difficult (decision-making
discussed previously). Ideally, these injures should be recog-
nized and treated early in order to optimize outcome.
Isolated tendon injuries usually result from laceration or
avulsion, and most commonly involve flexors of the distal
upper extremities (35,36).

SPECIAL PROBLEMS
Compartment Syndrome
Compartment syndrome is characterized by increased inter-
stitial pressure within a tightly contained fascial sheath that
envelops the muscles. Causes include intrinsic factors
such as expanding hematoma from an injured vessel or
hemorrhage from a fracture or extrinsic causes such as
over-restrictive dressings or circumferential burn eschars.
A compartment syndrome presents as pain out of proportion
to the apparent injury, pain with passive stretch, and par-
esthesias. If left untreated, it can progress to paresis and
pulselessness. The anterior compartment is the most often
affected with tibia fractures. This presents with decreased
sensation to the first dorsal web space and difficulty with
first toe extension, both findings corresponding to the pre-
sence of the deep peroneal nerve traveling within the
anterior compartment.

Generally, compartment syndromes are recognized
promptly when they present in the context of injury or
trauma. However, the diagnosis can be delayed when there
are no associated injuries to increase the index of suspicion
or when the patient has an altered level of consciousness
(precluding both the complete neuro exam, and complaint
of pain from the patient).

Compartment syndrome can result from external com-
pression (e.g., lying on an extremity), from circumferential
compression (tight cast or splint, tourniquet application,
scar tissue), or from increased volume within a compartment
(edema, hematomas, rattlesnake envenomation) (37,38).
A different type of compartment syndrome can occur from
benign but repetitive activities, such as strenuous weight-
training (39). This is known as exertional compartment
syndrome.

In military settings, measurement of compartment
pressures (which can delay treatment) is not recommended
in situations of high-energy trauma and when patients
require transport to another facility. Rather, prompt fasciot-
omy is recommended. In high-risk patients with blast
injuries or crush injury, and wounds likely to develop com-
partment syndromes, prophylactic fasciotomies are often
done to prevent increasing pressure during subsequent
transport. In civilian practice, serial examinations and
the measurement of compartment pressures is safer, and
recommended. It is important to obtain an objective

compartment pressure measurement in suspected compart-
ment syndrome. Compartment pressure measurement
should ideally be performed by the consulting surgical
team (as detailed anatomic knowledge of compartment
structure is required). There are three major compart-
ments in the forearm and ten in the hand (40). Fasciotomies
of these structures should be performed by a hand specialist
(orthopedic or a general surgeon with experience in this
area). Lower extremity compartment syndrome is most
common. The lower leg has four compartments: anterior,
lateral, deep posterior, and superficial posterior. Pressures
greater than 30 mm are worrisome.

Rhabdomyolysis
Rhabdomyolysis is the destruction of skeletal muscle
fibers with leakage of potentially toxic cellular components
into the systemic circulation (41). Common causes of
rhabdomyolysis involving extremity trauma include:
crush injury, electrical burn (Volume 1, Chapter 34), pro-
longed immobilization (e.g., after excess alcohol or drug
consumption, after an unwitnessed incapacitating stroke,
following prolonged transport on rigid nonpadded back
board), strenuous activity in hot conditions (especially
when unconditioned or unacclimated), compartment
syndromes (numerous causes, including rhabdomyolysis
itself), after prolonged periods of dystonia (e.g., following
serotonin syndrome, cocaine intoxication, malignant
hyperthermia, or neuroleptic malignant syndrome), enve-
nomation [e.g., crotalids or pit vipers, and (rarely) black
widow spider, etc.], and following reperfusion of a tempor-
arily ischemic extremity.

Rhabdomyolysis can occur following a compartment
syndrome created by traumatic conditions, and after a
major crush injury, or when reperfusion occurs to an extre-
mity, which had been ischemic too long. Similarly, a com-
partment syndrome can occur as a result of myopathy and
mild rhabdomyolysis, further exacerbating the condition
unless immediate fasciotomies are done.

Clinical sequelae of rhabdomyolysis include: (i) hypo-
volemia (sequestration of plasma water within injured
myocytes); (ii) compartment syndrome (due to myocyte
edema) demanding acute fasciotomies of affected muscles;
(iii) hyperkalemia (due to release of cellular potassium
from injured myocytes into the systemic circulation); (iv)
acute renal failure (due to the nephrotoxic effects of liberated
myocyte components—chiefly myoglobin and uric acid); (v)
metabolic acidosis (due to release of cellular phosphate and
sulfate); (vi) DIC (42).

The diagnosis of rhabdomyolysis is based upon clini-
cal suspicion and the measurement of serum creatine phos-
phokinase (CPK). This assay is widely available and 100%
sensitive (but not specific). The degree of rhabdomyolysis
does not always correlate with the CPK levels, but is rare
when ,5000, and common when .20,000. Thus serial
values should be measured.

A urine dipstick test for blood will be positive in
the presence of either hemoglobin or myoglobin. A urine dip-
stick test for blood that shows positive heme test in the absence
of red blood cells on the urine suggests myoglobinuria (or lysed
RBCs in the urine).

Hyperkalemia, an immediate threat to life in the hours
immediately after injury, occurs in 10% to 40% of cases. Lib-
erated potassium can cause life-threatening dysrhythmias
and death. Serum potassium levels should be measured
frequently until stable. ECG may reveal changes of acute
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hyperkalemia, including peaked T waves, prolongation of
the PR and QRS intervals, and loss of the P-wave, A-V
blocks, ventricular dysrhythmias, or a sine wave.

Acute renal failure develops in 30% to 40% of patients
with rhabdomyolysis and is the most serious complica-
tion in the days after initial presentation. Blood urea nitrogen
(BUN) and creatinine levels should be measured and closely
monitored. The BUN/creatinine ratio can be decreased
because of the conversion of liberated muscle creatine to
creatinine. Hyperphosphatemia can lead to precipitation of
calcium, especially in muscle, leading to hypocalcemia and
dysrhythmias. Treatment with phosphate binders can be
therapeutic, and mannitol if used will assist in elimination
of phosphate. Hypocalcemia occurs early in the course
of rhabdomyolysis. Supplemental calcium is not rec-
ommended unless ionized calcium is low, and/or hyperkale-
mia is dangerously elevated. Increased purine metabolism
causes hyperuricemia. Specific therapy with uricosuric
agents or allopurinol is generally not indicated. As long
as a brisk diuresis is maintained, the uric acid level self-
corrects.

Thromboplastin released from injured myocytes
can cause DIC. Accordingly, prothrombin time, activated
partial thromboplastin time, and platelet counts are obtained
in patients with rhabdomyolysis, and coagulation factors are
supplemented as needed.

Treatment of rhabdomyolysis is based upon
aggressive intravascular fluid repletion—with the endpoints
being maintenance of a vigorous diuresis and prevention of
sequela (renal failure, hyperkalemia, and DIC). The
administration of mannitol and alkalinization of the urine
are supplementary therapies that have not yet been proven
to improve outcomes. Serial measurements of BUN/Cr,
CPK, and Kþ values are recommended.

Isotonic crystalloid should be infused as a 2000 mL
bolus, then 250 mL to 500 mL/hr, and titrated to maintain
a urine output of 250 mL/hr (in 70 kg patient). Once diuresis
is assured with crystalloid, 50% of the intravascular volume
infusion can be substituted with alkalinized solutions of
either 1 L D5 0.45 N saline mixed with 1 Amp NaHCO3, or
1 L D5W with 2 amps of NaHCO3, titrating to a urinary pH
of at least 7.0. Once brisk urine has been established, mannitol
can be added. Mannitol causes an osmotic diuresis, but it
would be a mistake to start this before ensuring the intravas-
cular volume has been restored. Occasionally, CVVHD will
be required early (in patients with hyperkalemia, and/or
prolonged elevated CPK values).

In addition, consideration should be given to inserting
the central venous pressure line or Swan-Ganz catheter in
patients with cardiac or renal disease to assist in the assess-
ment of the intravascular volume. Repeat CPK values should
be measured every 6 to 12 hours in order to determine peak
CPK level. Serum CK levels peak within 24 hours and
should decrease by approximately 40% per day after the
initial insult. Persistent elevation suggests continuing
muscle injury or development of a compartment syndrome
(43,44). Compartment pressures should be measured
in any patient with severe focal muscle tenderness and a
firm muscle compartment. Fasciotomy is generally per-
formed if compartment pressures are sustained in excess
of 25 mmHg to 30 mmHg.

Recently, rhabdomyolysis has been reported to result
from the use of lipid-lowering drugs, hydroxymethylglu-
taryl coenzyme A reductase inhibitors (e.g., statins) (45,46).
Accordingly, patients taking these drugs are at greater risk,
and should be more aggressively treated.

Extremity Infections
Simple Cellulitis or Abscess Formations
Evaluation of the patient with a possible extremity infection
begins with inspection for evidence of edema, erythema,
cellulitis, blistering, lymphangitis, and lymphadenitis. Sys-
temic signs of infection, such as fever, chills, tachycardia,
hypotension, and changes in mental status should also be
sought. Cellulitis is manifested as erythema and edema of
the cutaneous layers of the skin and typically results from
Streptococcus spp. or Staphylococcus spp. (47). With other
less common causes of infection, color changes may vary.
Examples are the purplish discoloration reported with infec-
tions due to Vibrio vulnificus (Fig. 11) and the bronze, or
copper-colored skin changes described with Clostridium
infections. Typically there will be an obvious source of infec-
tion such as a needle stick or other break in the skin, or the
imbedding of a foreign body. However, occasionally no
obvious skin break is seen.

In the setting of cellulitis, some clinicians like to mark
the demarcation boundary and label it with the date time to
determine if therapy is working. This practice is increasingly
useful with transfer of care from one group of physicians to
another. Next, the extremities should be evaluated for lym-
phangitis or lymphadenitis (by inspection proximal to the
site of infection, and by palpating the inguinal or axillary
lymph nodes). In the absence of these signs, the extremities
can be eliminated as a source of fever or leukocytosis in
the trauma or critically ill patient.

When cellulitis is present, antibiotics should be
started, and the extremity elevated to assist with venous
and lymphatic drainage. If an abscess is present, it should
be incised and drained (I&D’d). Small (,1 cm diameter)
superficial abscesses can occasionally be I&D’d in the ED.
However, most extremity abscesses require general anesthe-
sia (GA) to be properly explored, drained, and packed with
wet-to-dry dressings and/or placement of a Wound Vac.w

Operative debridement is especially important for those
located in the proximal portions of extremities, on
the torso, and for I&D of a perirectal abscess. Whenever
there is a chance that the infection or abscess might
involve necrotizing soft tissue infections (discussed

Figure 11 Vibrio infection. Fifty-three-year-old man bitten

by an alligator with secondary vibrio infection on left ankle.

Injury occurred during evacuation of New Orleans in the

aftermath of hurricane Katrina.
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subsequently), operative debridement is mandatory and
should be considered a surgical emergency.

It is always prudent to obtain extremity radiographs in
the case of any serious infection to rule out a foreign body or
gas within tissues (Fig. 12). Gangrenous cellulitis can result
from rapidly progressing cellulitis that results in necrosis
of skin and progresses to subcutaneous tissue.

Necrotizing Soft Tissue Infections
Necrotizing Fasciitis
In contrast to a simple cellulitis which only involves the
cutaneous layers of the skin, necrotizing fasciitis is an inva-
sive rapidly spreading infection that typically begins and
extends along the deep fascia, with secondary necrosis of
the fascia and subcutaneous tissues, and if not caught in
time, progresses to muscle (48).

Because necrotizing fasciitis infection spreads
along the deep fascial planes and the overlying skin is
less involved, the extent of the infection is often underap-

preciated in regards to its severity and lethality early on,
making a high index of suspicion necessary to make
the diagnosis early and initiate prompt therapy. The
development of anesthesia in overlying skin may predate
necrosis and suggest the diagnosis of necrotizing fasciitis
rather than simple cellulites. Subcutaneous gas can be
palpated as crepitus in some patients, indicating a particu-
larly virulent process with likely involvement of muscle
(see subsequently). The infection often travels proximally
at a rapid rate. Therefore, caution must be taken at the
conclusion of the debridement to extend incision until

normal fascia and tissue is encountered and/or to make a
counter incisions more proximally to rule out proximal
extension.

The fascial necrosis is followed by thrombosis of the
arterioles that bridge the space between the skin and
the fascial layer, causing loss of blood flow and oxygen to
the skin, resulting in death of the overlying skin. The
inability to deliver antibiotics to the involved areas of
fascia and the overlying skin make cure with antimicrobials
alone futile, and surgical resection (Fig. 13) (usually wide
and extensive) is the only effective therapy.

Necrotizing fasciitis can occur following trauma
involving puncture wounds (i.e., IV drug abuse) with
contamination by organisms that flourish in the relati-
vely anaerobic environment of the deep fascial planes. It
is more common in situations involving unrecognized
foreign bodies, delayed presentation to medical care,
and in patients with immunosuppressive conditions (e.g.,
diabetes, alcoholism, peripheral vascular disease, HIV, or
neutropenia, renal failure, etc.). The diagnosis is often
made during debridement, when the fascial planes have
necrosed and the ability to slide a finger or an instrument
between layers of muscle without resistance from adherent
fascia is noted.

Classically, necrotizing fasciitis is associated with
streptococcal organisms, often mixed with other organisms.
In type I necrotizing fasciitis, at least one anaerobic species
of organism (most commonly Bacteroides or Peptostrepto-
coccus) is isolated in combination with a streptococcal
organism, often nongroup A, or a member of the Enterobac-
teriaceae group, such as Escherichia coli, Proteus, Klebsiella, or
Enterobacter species. In type II necrotizing fasciitis, group A
beta-hemolytic streptococcal species are isolated, either
alone, or in conjunction with another bacterium, usually
Staphylococcus aureus (49). This entity has also been known
in the past as hemolytic streptococcal gangrene.

Fournier’s Gangrene is necrotizing fasciitis involving
tissues of the groin and perineum (Buck’s fascia of the
penis, Colles’ fascia of the perineum, sometimes extending
to Scarpa’s fascia of the anterior abdominal wall) and typi-
cally involves fecal anaerobes such as Bacteroides fragilis
(indicating the need for metronidazole), along with other
Gram-negatives. Pain and systemic toxicity are marked,
and spread is rapid.

Figure 12 Necrotizing myocutaneous infection (gas gangreen).

Fifty-two-year-old male machine worker while on the job

suffered a puncture wound into upper popleteal fossa. Initial

presentation radiographs 48 hours postinjury and swollen

painful leg. Note subcutaneous gas in posterior thigh tracking

proximal. The extremity required emergent debridement, limb

salvage was successful.

Figure 13 Wide debridement following nectrotizing

soft tissue infection. Thirty-eight-year-old IVDA

postdebridement of necrotizing fasciitis lateral view of

buttock and proximal thigh.
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Clostridial Myositis and Clostridial Myonecrosis
Clostridial myositis and myonecrosis, also called gas
gangrene, is an acute, rapidly progressive, invasive Clostri-
dial infection of muscle, characterized by profound systemic
toxemia, extensive edema, massive necrosis of tissue, and a
variable amount of gas production. Although dozens of
Clostridial species are known, only those that produce
alpha-toxin are associated with this syndrome. This includes
C. perfringens, C. septicum, C. novyi, C. histolyticum, C. fallax,
and C. sordelli. Over 20 different exotoxins have been ident-
ified, several of which are implicated in the local and
systemic changes seen in gas gangrene (Table 6).

Gas gangrene is typically seen in the setting of
tissue injury following trauma with a delayed presentation,
and occasionally following surgery that is contaminated.
The highest risk for clostridial myonecrosis in traumatic
wounds is following vehicular or agriculture accidents
with open fractures, followed by crush injuries, industrial
accidents, and gunshot wounds (50).

Surgical procedures more likely to develop clostridial
myositis and clostridial myonecrosis are those involving the
intestine or biliary tract. Patient conditions increasing the
risk include underlying colorectal or pelvic malignancy, and
neutropenia. However, the majority of patients admitted to
the trauma center with this lesion are those with neglected
wounds, or delayed presentation, and this lesion is often an
element in the constellation of findings associated with necro-
tizing fasciitis.

Clinically, the cellulitis develops localized, tense
edema, pallor, and marked pain. A bronze discoloration is
often described. Hemorrhagic bullae and subcutaneous
emphysema are often observed. Gram stain often shows
gram-positive rods and a paucity of white blood cells, due
to toxin effect which decreases migration of leukocytes to
the area of infection, as well as destroys white cells in the
area. The patient will become clinically toxic, with tachycar-
dia disproportionate to height of fever, diaphoresis, and
anxiety. Hemolysis may occur with rapid drops in the hem-
atocrit, along with hypotension, renal failure, and metabolic
acidosis.

Surgical intervention is the key and should be emer-
gently performed as soon as the diagnosis is suspected. If a
hyperbaric chamber is immediately available, and the
patient stable enough for transport, a hyperbaric O2 (HBO2)
treatment can be considered immediately following emer-
gent surgical debridement, with wide excision of affected
muscle and soft tissue. HBO2 treatments, as an adjunct to
antibiotics and surgery, have been shown to decrease mor-
tality by half in extremity gas gangrene (related to its
ability to block further production of alpha-toxin).
However, surgery should never be delayed for HBO2 treat-
ments which are adjunctive (Volume 2, Chapter 73).

Mixed Aerobic/Anaerobic Necrotizing Cellulitis
Synergistic necrotizing cellulitis usually involves a combi-
nation of bacteria, including anaerobic pathogens such as
Bacteroides, Clostridium, and Peptostreptococcus as well as
enteric gram-negative rods such as E. coli, Proteus, Serratia,
Enterobacter, and Klebsiella. Pseudomonas is also occasionally
seen.

Synergistic necrotizing cellulitis commonly is seen in
diabetic patients, characterized by prominent pain, and
marked systemic toxicity. The cellulitis may be crepitant,
with gas formation. Muscle and fascial involvement can
occur, secondary to the initial cellulitic process, and has
often been called synergistic nonclostridial anaerobic
myonecrosis. It often affects the extremities, but like necrotiz-
ing fasciitis, clostridial myositis and myonecrosis can involve
the trunk. Half of patients are bacteremic. The infection often
begins as small skin ulcerations which drain foul-smelling
reddish-brown pus, followed by the development of loca-
lized gangrene surrounding the ulcerations. The skin is pri-
marily involved, and the infection then may spread to
involve fascia or muscle.

The selection of empiric antimicrobials will depend
upon anatomic location, clinical setting, mechanism of infec-
tion, known combinations of etiologic organisms, and gram-
stain results. For standard cellulitis, in a noncompromised
host, the choice of a semi-synthetic penicillinase-resistant
penicillin or a first-generation cephalosporin is acceptable.

Table 6 Clostridial Exotoxins Found in Clostridial Myositis and Clostridial Myonecrosis (Gas Gangrene)

Toxin Biologic activity and lethalitya

Alpha-toxin: lethala Phospholipase C (i.e., lecithinase) activity: hydrolyzes key cell membrane components resulting in destruction of

fibroblasts, muscle cells, as well as leukocytes, erythrocytes and platelets; systemically has myocardial

depressant effects; causing capillary leak and subsequent edema

Beta-toxin: lethala Necrotizing, transmural necrosis with small bowel inoculation

Delta-toxin: lethala Hemolysin; can cause significant drop in Hb/Hct along with ATN

Epsilon-toxin:

lethala
Permease

Iota-toxin: lethala Dermonecrotic, ADP ribosylating

Kappa-toxin: lethala Collagenase, gelatinase (destroys blood vessels and connective tissues)

Lambda-toxin Protease

Mu-toxin Hyaluronidase, breaks down the tissue cement that binds cells together in the tissue

Nu-toxin: lethala Deoxyribonuclease, leukocidin, hemolytic, necrotizing

Phi-toxin Hemolysin, and in vivo myocardial depression factor (probably via secondary mediator); causes cellular

degeneration and vascular injury

Theta-toxin Hemolysin

Fibrinolysin Fibrinolysis

Neuraminidase N-acetylneuraminic acid glycohydrolase

aLethality defined as lethal in mouse model.

Abbreviations: ADP, abenosine diphosphate; ATN, acute tubular necrosis.
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For those patients in whom methicillin-resistant S. aureus
(MRSA) is suspected, treatment should commence with
parenteral vancomycin or linezolid.

Cellulitis in the setting of a diabetic foot requires
additional anaerobic gram-positive and aerobic and
anaerobic, gram-negative rod coverage such as ampicillin/
sulbactam or piperacillin/tazobactam, or other com-
binations which include such coverage. Antibiotic
of first choice for V. vulnificus infection is a tetracycline,
whereas cefotaxime or ciprofloxacin are alternatives.
Resistance to aminoglycosides is common.

High-dose penicillin, in combination with clindamy-
cin or metronidazole, is appropriate for C. myositis and
C. myonecrosis. Aggressive fluid repletion and immediate
wide surgical debridement is mandatory to save the life of
an individual with established necrotizing fasciitis.

The decision of whether or not to use vancomycin
empirically will depend upon the treating physician’s
clinical estimate about the likelihood that the patient is
infected with MRSA. In an age where the prevalence of
MRSA in many hospitals is above 50%, this is currently
the wisest choice. In cases of mixed synergistic infection,
appropriate coverage for facultatively aerobic Gram-negative
rods and obligate anaerobes will include a carbapenem, a beta
lactam/beta-lactamase inhibitor, or a third- or fourth-gener-
ation cephalosporin in combination with metronidazole.

Although some of the manifestations of streptococcal
necrotizing fasciitis are toxin-mediated (Table 7), clindamy-
cin should be used in conjunction with other antibiotics
because as a protein synthesis inhibitor, it shuts down
further production of exotoxins and M-protein production
by group A streptococci; it is also active in situations of
high bacterial density (i.e., in wounds) where beta-lactams
and vancomycin may not be, a phenomenon known as the
Eagle effect (51). Recent evidence has been reported that line-
zolid, as a 50-S ribosome-unit binding agent, has similar
protein synthesis inhibition activity (52), against streptococ-
cal pyrogenic exotoxin A.

As an adjunctive measure, hyperbaric oxygen (see
Volume 2, Chapter 73) has been shown to be effective in
delaying or stopping progression of the affected areas in
necrotizing fasciitis and should be considered (53). Presum-
ably this works through several beneficial mechanisms,
including increasing the oxygen levels in the involved

tissues; killing oxygen-sensitive organisms, increasing the
antimicrobial oxidative response of professional phagocytes
such as poly mononuclear cells (PMNs), and in some circum-
stances, enhancing antibiotic penetration through bacterial
cell walls when antibiotic transport is oxygen-dependent.

Infections with S. aureus alone are an unusual cause of
necrotizing fasciitis although there are a few case reports
describing this (54,55). However, recently epidemics of
skin and soft tissue infections have been described that are
caused by a new set of highly virulent strains of MRSA.
As these strains have caused outbreaks in settings where
patients have not been in or near a hospital, these strains
have been designated as community-acquired MRSA
(CA-MRSA). The earliest outbreaks were initially confined
to populations such as jail inmates and military recruits,
but these strains have now diffused more widely into the
general population. CA-MRSA strains are more virulent
than the MRSA strains typically associated with inpatient
settings; in fact, they appear to be fully as virulent as
wild-type strains of methicillin-sensitive S. aureus.

Several clones of CA-MRSA strains exist, each indepen-
dently acquiring the SCCmec cassette encoding the mecA-
resistant gene. These strains differ from nosocomial
MRSA strains, which generally have a multiply resistant
phenotype, in that they are generally resistant only to first-
generation cephalosporins and penicillinase-resistant peni-
cillins, such as nafcillin. Occasionally, CA-MRSA strains
also carry clindamycin-resistant genes, making this import-
ant necrotizing fasciitis agent useless in these strains. Most
importantly, a high proportion of CA-MRSA strains express
a unique hemolysin, the Panton-Valentine leukocidin (PVL),
which contributes to virulence by causing lysis of white
blood cells, specifically polymorphonuclear leukocytes,
thereby crippling the immune response.

Typically, only about 2% of S. aureus express this toxin.
In contrast, several studies have shown that almost all the
CA-MRSA strains contain gene sequences for the PVL. In
addition, PVL also affects cells other than white blood cells
and causes separation of tissue layers, contributing to the
spread of the infection in the host. Vancomycin is still the anti-
microbial of choice against these infections, especially in sicker,
hospitalized patients but newer antibiotics such as daptomy-
cin, linezolid, and tigecycline may become preferred therapies
as time goes by (see Volume 2, Chapter 53). Often, rifampin

Table 7 Staphylococcal and Streptococcal Exotoxinsa in Necrotizing Fasciitis/Myonecorsis

Toxin (organisms) Biologic activity and lethalitya

a-Toxin: (S. aureus) Alpha-hemolysin: the most potent membrane-damaging toxin of S. aureus; expressed

as a monomer that binds to the membrane of susceptible cells (e.g., platelets and

monocytes), subunits then oligomerize to form heptameric rings with a central pore

through which cellular contents leak

b-Toxin: (S. aureus) Sphingomyelinase: which damages membranes rich in this lipid (including erythro-

cytes); other source says: protease that destroys muscle and fascia causing necro-

tizing fasciitis and necrotizing myonecrosis

Leukocyiden (S. aureus and

S. pyogenes)

Multicomponent protein toxin produced as separate components which act together to

damage membranes causes lysis of leukocytes, also causes hemolysis (but less so

than a-toxin)

Leukocyiden (S. pyogenes) Causes lysis of leukocytes produced by S. aureus and S. pyogenes

Exotoxin B (S. pyogenes) Protease that destroys muscle and fascia causing necrotizing fasciitis and necrotizing

myonecrosis (group A beta-hemolytic strep)

aThese exotoxins as well as those produced by clostridia (Table 6), cornebacteria (diphtheria), and bacillus species (Anthrax) represent the most

common etiologies involved in necrotizing myonecrosis.

568 Agarwal et al.



is used in combination with vancomycin for presumed syner-
gistic action.

Rapidly progressive myonecrosis has also been
reported due to Aeromonas hydrophila following penetrating
trauma in a freshwater environment. Aeromonads are ubi-
quitous, faculatively anaerobic Gram-negative organisms
with various degrees of virulence. They are found to infect
fish and amphibians, typically in freshwater, but also in
brackish and marine environments. Humans come into
contact during fishing (often after being punctured by a
fish hook previously used on contaminated fish). Outbreaks
occur most commonly in warm water conditions with low
dissolved O2 and poor nutritional status of fish. Treatment
includes IV fluroquinolone, aztreonam, or third-generation
cephalosporins and rapid surgical debridement.

The evolving nature of the microbiological causes of
skin and soft tissue infections makes it imperative that
the causative organisms be identified early by sending
ample specimens of purulent material and tissue from the
OR for cultures and Gram stains, so that proper, targeted
therapy can be initiated early, and unusual organisms or
resistance patterns involved in a specific infection can be
detected.

ANESTHETIC CONSIDERATIONS

Not all extremity victims require surgery, but most require
analgesia. Those with dislocations may require a brief
period of anesthesia or analgesia to facilitate reduction as
described in Volume 2, Chapter 5, and those with open
wounds require irrigation and debridement as soon as poss-
ible following admission. All other fractures and injuries,
which are closed and require surgery, should be stabilized
as soon as is practical to decrease the risk of venous throm-
boembolic disease and other complications related to
prolonged bed rest.

The anesthesiologist’s goal is to provide excellent
surgical conditions with the least risk to the patient. Admin-
istration of a safe anesthetic starts long before the actual
induction of anesthesia. The anesthesiologist needs to be
knowledgeable of the extent and magnitude of injury
requiring surgery, as well as the other injuries that were sus-
tained. Accordingly, the results of all imaging and other
diagnostic studies must be shared with the anesthesiology
team. Particularly important is the status of the cervical
spine (Volume 1, Chapter 15), presence or absence of TBI
(Volume 1, Chapter 23), thoracic injuries (Volume 1,
Chapter 25), and the general status in regards to ongoing
resuscitation from shock (Volume 1, Chapter 18) in develop-
ing the perioperative plan and determining the monitoring
considerations (Volume 1, Chapter 19). It is essential that a
sensible list of priorities be established, especially when
several specialist teams need to be involved (this requires
open communication between the teams).

Basic Considerations for General vs. Regional
Techniques
The major anesthetic techniques available for management
of extremity injuries include GA, regional anesthesia (RA),
and local anesthesia (LA). The anesthesiologist should care-
fully weigh perceived advantages and disadvantages of
these available options. In so doing, it must be recognized
that LA and RA do not avoid many of the hazards associated
with GA on nonfasted patients (56). Indeed, once a patient’s

trachea is intubated, the risk of intraoperative aspiration is
markedly decreased compared to the same patient with an
unprotected airway. Thus, patients at elevated risk of aspira-
tion, including those with altered mental status or unstable
hemodynamic status, are poor candidates for surgery
under LA or RA. Similarly, patients with gunshot and stab
wounds to extremities, and concomitant penetrating injuries
to abdominal or thoracic structures are also better treated
under GA (57).

Regional techniques are most appropriate for isolated
extremity injuries, in fasted cooperative and stable patients.
Patients meeting these criteria are good candidates for bra-
chial plexus blockade during repair of a lacerated upper
extremity, or for femoral nerve block for lower extremity
laceration repairs. Whenever significant hypovolemia is
present, or hemorrhage is expected, neuraxial blocks (i.e.,
spinal or epidural) are relatively contraindicated because
of the high likelihood of associated sympathetic blockade
and consequent hypovolemic shock. RA must be used
cautiously in patients with acute fractures and extremity

trauma who have any risk of compartment syndrome.
A nerve block or LA may mask the increasing pain out of
proportion that is critical to diagnose a compartment
syndrome early.

Benefits of Regional Anesthesia in
Suitable Candidates
Along with eye surgery, and labor and delivery, several
extremity procedures lend themselves well to regional tech-
niques. However, no particular extremity operation specifi-
cally benefits from a regional anesthetic rather than a
GA. Sometimes there are compelling reasons for either
avoiding GA, or more commonly, for supplementing GA
with some form of RA blockade. In general terms, the
types of advantages to be expected from RA techniques
include a reduction in immediate postoperative pain, and
possible decreased infection rates and improved wound
healing.

Improved Postoperative Analgesia
Some injuries are particularly painful, for example, crush
injuries of the foot or knee. Patients who have surgery to
correct this type of injury will need a high level of analgesia
postoperatively, and, although this can be provided by
simple techniques such as IV morphine, systemic opioids
are associated with side effects including respiratory
depression, nausea, constipation, sleep disturbances, and
sometimes, mood changes and dysphoria. By incorporating
a regional technique such as sciatic or femoral nerve block
into the anesthesia, all these complications can be reduced
or eliminated. In addition, the period of awakening from
GA (emergence) is typically much smoother, less stressful,
and more comfortable when all pain from the surgical site
has been eliminated by a regional nerve block, rather than
simply masked by systemic opioids.

Reduced Postoperative Pneumonia
Inactive postsurgical patients lying in hospital beds are at
significant risk for acquiring pneumonia. In general,
opioids such as morphine cause respiratory depression
and patients tend to breathe less energetically than they
should, exacerbating this risk. This is the reason why
many post-trauma patients need routine respiratory
therapy or incentive spirometry during convalescence.
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Reducing the quantity of systemic opioid administered
generally reduces the incidence of respiratory depression,
and consequent pulmonary complications so long as
analgesia is adequate. Patients with satisfactory analgesia
provided by continuous regional nerve blocks or epidural
infusions require dramatically less morphine than
they would otherwise, and tend to have better pulmonary
function.

In the group of extremity injured patients, those with
concomitant painful rib fractures, and those with chest
drainage tubes, are at increased risk of postoperative pneu-
monia. Painful chest injuries make it very difficult to cough
and breathe deeply. The consequent panting and shallow
breathing promotes atelectasis, impairing oxygenation
and increasing the risk of pneumonia. Provided that
coagulation is normal, these patients often benefit from
regional techniques including thoracic epidural infusions
(Volume 1, Chapter 25 and Volume 2, Chapter 25). In
addition, there is some anecdotal evidence that improved
perfusion (due to extremity sympathectomy) can decrease
the rate of extremity wound infections.

Improved Wound Healing and Graft Survival
Traumatic amputations of fingers, hands, or even arms can
often be replanted surgically if the victim can be transported
to an appropriate hospital quickly enough, resuscitation is
robust, and the amputated structure is not badly mangled
or contaminated. The surgery is delicate and quite time-
consuming, and the goal is to restore circulation to the
amputated tissues as quickly as possible. The body has a
natural defense against blood loss after amputation and
that is vasospasm, intense vasoconstriction causing arteries
to clamp down in response to the stress of injury to reduce
the amount of blood loss.

Although this is a beneficial systemic response
acutely after the time of injury, local vasospasm, or vaso-
constriction is a feared complication following microvascu-
lar surgical repair, starving the replanted tissues of the
blood needed for healing. One of the effects of regional
nerve blocks using local anesthetics is sympathectomy,
the elimination of vasoconstriction provoked by sympath-
etic responses to stress. For this reason, many surgeons
request that regional blocks be used in patients undergoing
replantation, as well as reconstructive procedures (e.g., free
flaps or rotational flaps of tissue) in order to improve
wound healing and to increase the chances of a successful
graft.

Crush injuries to the heel (calcaneus), ankle, knee
(tibial plateau), and hand/wrist are all extremely painful.
Although surgical repair of the injury is often accompli-
shed under GA, a significant proportion of these injuries
can also be treated with regional nerve blocks to accomplish
four specific goals: (i) to “smooth” the anesthetic by redu-
cing the responses to intermittent surgical stimulation
such as bone drilling, and so on; (ii) to provide a comforta-
ble emergence and early stage of recovery from GA
(partially because of reduced pain on wake-up and partly
because of the decreased need for general anesthetics at
high doses); (iii) to reduce postoperative pain and depen-
dence on opioid therapy (with its attendant nausea,
dysphoria, and respiratory depression); (iv) and to acceler-
ate mobilization and physical therapy (leading to faster
discharge from the hospital).

EYE TOTHE FUTURE

Recent advances in the treatment of extremity trauma
include minimally invasive techniques, locking plates, and
bone morphogenic proteins (BMPs). Minimally invasive
technique is the use of smaller incisions and less soft tissue
dissection in fractures amenable to this technique (Fig. 14).
Periarticular fractures with minimal articular step off
can be treated with smaller incisions. However, more
important than the size of the incision is the amount of sur-
gical trauma inflicted on the patient. Fractures heal best with
intact periosteum.

Classic surgical approaches involve larger incisions,
exposing each fracture fragment (requiring periosteal
elevation), and rigid fixation of all fragments. Minimally
invasive techniques utilize less soft tissue stripping and
retain periosteal attachments. However, comminuted articu-
lar fractures still require formal arthrotomy to visualize the
joint surface reduction.

Locking plates have revolutionized the management
of certain fractures. Standard plates have standard screws
that rely on screw to bone fixation. For example, standard
screws may have excellent purchase in young, healthy, and
cortical bone. However, they may not have stability in osteo-
porotic bone or cancellous bone. Locking plates have threads
in the screw head that lock into threads in the screw hole of
the plate. Therefore, these screws do not rely on screw to
bone fixation. Locking screws do not toggle, as they have a
fixed angle with regards to the plate. These fixation con-
structs have greatly improved the treatment of fractures in
the elderly. Also, certain fractures, which classically require
two plates such as bicondylar tibial plateau fractures, may
be treated with a single locked plate.

BMP is now commercially available. Nonunions after
extremity trauma can be devastating and require numerous
surgeries and iliac crest bone grafting. Autogenous bone
grafting has up to a 38% complication rate, including infec-
tion, pain, and hernias. BMP can be used instead of autograft
in patients who are not good candidates for iliac crest
harvesting or as an adjunct.

Figure 14 Minimally invasive lower extremity repair.

Incisions for minimally invasive technique used for open

fixation of fractures.
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SUMMARY

Extremity injuries pose a complex problem to the multiply
injured trauma patient. Additionally, special considerations
should be taken for those patients that have injuries isolated
to the extremity and require extensive resuscitation and/or
operative intervention. Consultation with subspecialists in
the orthopedic surgery, vascular surgery, and anesthesia
team is essential to the expeditious care of patients and
improving outcomes. In this setting of poly trauma with
severe mangled extremities (Fig. 15), intubation, fluid resus-
citation, and proximal vascular control are required during
initial resuscitation. Once stabilized, the injuries to the extre-
mities are staged.

KEY POINTS

When there is a concern that an arterial injury has
occurred, radiographic vascular imaging should be
obtained.

When major extremity injuries occur in locations far from
medical help (as occurs in forward military operations),
the application of a tourniquet can be life saving,
although with likely sacrifice of the extremity (10).
When patients arrive from the field in shock with a pre-
viously applied extremity tourniquet in place following
major extremity trauma, the tourniquet should remain
secure during the initial resuscitation period.
Traction is not routinely recommended for femoral neck
fractures as it decreases relative volume of the hip joint
thereby causing increased pressure.
Subtrochanteric femur and femur shaft fractures are
best placed in traction.
Radiographs of the extremity should be obtained follow-
ing extremity laceration to rule out foreign body and
copious irrigation should be pursued prior to attempts
at closure.
One of the most important initial decisions in managing
fractures is to determine whether the fracture is open or
closed.
Open fractures represent a surgical emergency requir-
ing washout and the administration of antibiotics
based upon the grade of the fracture.
Hip dislocations require emergent reduction to
decrease the risk of avascular necrosis.
Because lower extremity prostheses function much
better than upper extremity prostheses, upper limb
salvage retains the highest emphasis.
The MESS score should not be the sole criterion for
amputation, rather it should be used as an adjunct in
the decision-making process.
Generalized therapy for extremity bites includes radio-
graphic evaluation (rule out of foreign body and/or frac-
ture), aggressive lavage, and debridement, together with
appropriate antibiotic therapy.
Compartment pressure measurement should ideally be
performed by the consulting surgical team (as detailed
anatomic knowledge of compartment structure is
required).
Treatment of rhabdomyolysis is based upon aggressive
intravascular fluid repletion–with the endpoints being
maintenance of a vigorous diuresis and prevention of
sequela (renal failure, hyperkalemia, and DIC).
Because necrotizing fasciitis infection spreads along the
deep fascial planes and the overlying skin is less
involved, the extent of the infection is often underap-
preciated in regards to its severity and lethality early
on, making a high index of suspicion necessary to
make the diagnosis early and initiate prompt therapy.
Cellulitis in the setting of a diabetic foot requires
additional anaerobic gram-positive and aerobic and
anaerobic gram-negative rod coverage such as ampicil-
lin/sulbactam or piperacillin/tazobactam, or other
combinations which include such coverage.
RA must be used cautiously in patients with acute frac-
tures and extremity trauma who have any risk of com-
partment syndrome. A nerve block or LA may mask
the increasing pain out of proportion that is critical to
diagnose a compartment syndrome early.
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INTRODUCTION

Drug abuse refers to the nonmedical, or recreational use of
drugs, regardless of their accepted medical value. A “drug
of abuse” is defined as any substance that may modify per-
ception, mood, cognitive behavior, or motor function when
ingested, inhaled, or injected (1). Essentially all drugs
subject to abuse have central nervous system (CNS) effects,
with many of these drugs also producing alterations in
other organ systems.

Recreational drug use is a worldwide phenomenon,
but with considerable national and regional variations. The
commonest drugs abused are tobacco and alcohol. Of illicit
drugs, most commonly abused is cannabis, followed by syn-
thetic drugs [amphetamines and derivatives, and lysergic
acid diethylamide (LSD)] and then cocaine and heroin. In a
comparison of lifetime experience of illicit drug use in 23
countries in 1995, 41% of teenagers in the United Kingdom
and 34% of American teenagers admitted to cannabis use
(2). In the United States, 15% of the total population and
40% of 25 to 30-year-olds are estimated to have experimen-
ted with cocaine (3). Studies screening admissions to

level 1 trauma centers in the United States showed alcohol
use in up to 37% and illicit drug use in up to 50% of total
admissions (4,5). Cannabinoids and cocaine were most
frequently identified. Up to 80% of those associated with
violent crime tested positive. Up to 50% of those tested posi-
tive for alcohol also tested positive for one or more illicit
drugs (4). However, the admission drug screen may be nega-
tive in up to 69% of trauma victims who are subsequently
identified as substance dependent.

Recently, the problem of drug abuse has shifted from
plant derivatives (cannabis, cocaine, and heroin) to synthetic
substances. Synthetic amphetamine derivatives have shown
a pronounced rise in abuse, to a reported annual prevalence
of 30 million people worldwide (6). Despite the prevalence
of abuse being relatively small, heroin remains the common-
est cause of drug-related mortality and emergency room
attendance.

In “Drugs of Abuse and Trauma,” the most commonly
abused street drugs will be reviewed with particular focus
upon their effects regarding trauma. The considerations
related to alcohol and trauma are thoroughly evaluated in
“Alcohol and Trauma.” The role of toxicology screening
and the basic management principles are discussed in “Toxi-
cology Screening” and “Management Principles,” respect-
ively. Finally, the “Eye to the Future” provides a review of
new techniques for screening and treatment.

DRUGS OFABUSE ANDTRAUMA

The effects of drug and alcohol intoxication have widespread
implications in the trauma setting. These include causative
influences for trauma, and acute physiological changes
related to drug use (including alteration in conscious level
and autonomic system) confounding the initial assessment
of trauma victims. Chronic pathophysiological changes
(e.g., cardiomyopathy) and the pathophysiological syn-
dromes of drug withdrawal further complicate the resuscita-
tion and early treatment of trauma victims. Each of these
factors has patient management implications, and needs to
be thoroughly understood to optimize patient care. In
addition, the hospital admission provides a “window of
opportunity” to identify, assess, council, and possibly influ-
ence future behaviors of drug abusers.

Trauma anesthesiologists and intensivists caring for
individuals with known substance abuse problems should
also be suspicious of patients and their associates adminis-
tering their own “premedication” via many routes. One
case report detailed illicit cocaine administration during a
spinal anesthetic for a talus fracture (7). The patient
became acutely disruptive and agitated despite having
received 12 mg of midazolam, requiring emergent intuba-
tion for control of symptoms. The patient was later found
to have placed several “crack rocks” in her nose and
mouth prior to receiving her anesthetic.

Marijuana^Tetrahydrocannabinol
The hemp plant Cannabis sativa grows freely in temperate
and tropical zones of the world. Commercial use has
included conversion of the stalk fibers into rope, twine,
and cord. The leaves and seeds of the plant have also
been smoked for centuries for their psychotropic effects.

Marijuana is the most prevalent illegal drug in the
United States. Over half of all high school seniors graduating
in 1985 had used marijuana. The principal psychoactive
ingredient of marijuana and hashish is tetrahydrocannabinol
(THC).

The active psychotropic agent identified from the
plant resin is THC. In addition to the psychotropic action,
THC produces minor physiological changes. These include
an increase in heart rate and peripheral blood flow, broncho-
dilatation, and conjunctival injection. The adverse effects of
marijuana use are highly debated. The most serious of the
acute reactions is a toxic psychosis, but this is self-limiting
with metabolism. Long-term use may lead to an “amotiva-
tional” syndrome.
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Smoking the resin represents the most commonly used
route of administration, with rapid absorption. Peak plasma
levels are reached within 10 minutes, within a duration of
action of two to three hours. Oral ingestion produces
slower, more variable peak plasma levels. Although un-
ionized and with a high oil–water partition coefficient,
tissue uptake is limited by blood flow as THC is highly
protein-bound. Hepatic metabolism is rapid, with renal
excretion of metabolites.

A marijuana cigarette weighs approximately one-half
to 1 g and contains between 1% and 3% THC for a total
dose of between 5 and 30 mg per cigarette (8,9). More con-
centrated forms of THC such as hash or hash oil can be
smoked or baked into cookies, producing an overall higher
dose of drug.

The acute trauma-specific considerations of marijuana
intoxication may be divided into low-dose and high-dose
effects. Low-dose effects of marijuana intoxication include
euphoria, relaxation, and a mild alteration of time and
space perception. At higher doses, agitation and anxiety
seem to predominate. The latter effects are more commonly
noted following oral ingestion of the drug, while smoking
may be more readily titrated to an overall lower dose level.
Both high-dose and low-dose marijuana intoxication can
confound the initial neurological exam. Side effects of THC
include a mild tachycardia, increase in appetite, a moderate
antiemetic effect, bronchodilation, and conjunctival hypere-
mia (10). The use of THC medicinally for bronchodilation
in asthmatics, and to decrease ocular hypertension in
glaucoma tends to be overshadowed by its psychotropic
effects. THC is available commercially as an antiemetic for
chemotherapy patients, although specific studies comparing
the efficacy of THC to other antiemetics (e.g., odansatron) are
lacking.

Aside from the psychotropic effects of this agent,
chronic pulmonary effects of marijuana smoking are promi-
nent, with a toxicity profile similar to that of cigarette
smoking. THC may be combined with other agents, notably
Phencyclidine (PCP) (“dipped joints” and “Shermans”),
alcohol, and with various designer drugs. The use of PCP
may produce a profound analgesic and psychotic state. The
effects of other combinations have not been fully defined.

The delayed, critical care considerations for the patient
exposed to marijuana include exacerbation of any acute lung
injuries due to long-time use and the consequent chronic
lung disease (11). Acute anxiety reactions may signal a
high-dose exposure, or the mixing of multiple agents.
There are no known drug interactions between THC and
any sedative or analgesic drugs.

Benzodiazepines
The benzodiazepines are the most widely prescribed drug
groups in the world. They were developed for the treatment
of anxiety and insomnia after the toxicity of barbiturates
became recognized. They are well absorbed by mouth and
undergo hepatic metabolism to both active and inactive
metabolites. Some active metabolites may be long acting.
Benzodiazepines act as agonists to a specific site of the
inhibitory gamma amino butyric acid (GABA) receptor.
Benzodiazepine use alone has a remarkable pharmacokinetic
margin of safety. Respiratory depression does occur with
large, rapidly administered doses. In addition, benzo-
diazepines have a synergistic effect with other CNS depres-
sants. This is of concern as many drug users also take
benzodiazepines to counter unwanted side effects of

certain drugs (e.g., methamphetamines) or, to increase the
effects of others (e.g., opioids), especially in methadone
users.

Physical dependence on benzodiazepines is well recog-
nized and may become apparent after as little as six weeks of
regular ingestion. As well as unpleasant psychological effects,
seizures may be precipitated by abrupt benzodiazepine
withdrawal.

Flumazenil is a specific benzodiazepine antagonist.
When flumazenil is administered to trauma patients,

caution is required due to risks of unmasking proconvul-

sant and sympathomimetic effects of co-ingested drugs,
and/or precipitation of withdrawal (possibly accompanied
by seizure) in chronic abusers. In addition, there is a risk
of resedation due to the short half-life of flumazenil, 0.7 to
1.3 hours, compared to the benzodiazepine (12).

Lysergic Acid Diethylamide
LSD is a semi-synthetic compound derived from ergot alka-
loids. It is an extremely potent compound, most commonly
taken by mouth. The psychotropic effects produced
include changes in sensory perception, mood, intellectual,
and physical performance with no alteration in level of con-
sciousness. Central serotonin modulation results in visual
and auditory hallucinations for up to 18 hours after inges-
tion, making trauma the commonest medical complication
associated with LSD use (13).

Physiological changes produced by LSD include
tachycardia (or occasional bradycardia), hypertension,
cutaneous flushing, marked mydriasis, and increased
lacrimation and salivation. Although not associated
with drug dependence, the adverse effects of LSD center
on psychotic phenomena with delusional states, often
leading to trauma. Spontaneous recurrences of the “LSD
experience” (“flashbacks”) may occur some time following
ingestion, especially following repeated use.

Phencyclidine
PCP was first synthesized in the 1950s as part of a search for
general anesthetic agents with novel mechanisms of action.
The drug was withdrawn following reports of “emergence
delirium.” A related compound ketamine shares a mechan-
ism of action as an N-methyl-D-aspartate (NMDA) antagon-
ist, and also exhibits cardiovascular stimulation, amnesia,
profound analgesic properties, and maintenance of laryn-
geal reflexes. PCP causes dose-dependent effects, ranging
from mild stimulation, through muscle rigidity, hallucina-
tion, and psychosis, to coma and seizures (14).

A hallmark of PCP intoxication is violent behavior
and insensitivity to pain. The high risk, violent behavior
may occur even at low dose, making traumatic injury
likely. Horizontal nystagmus, present even at low
doses, is a diagnostic clue to PCP (or ketamine) intoxication
(15). A dopaminergic storm with hypertension, intra-
cranial hemorrhage, and seizures can occur with large
overdoses. PCP withdrawal syndromes have been clearly
demonstrated in animals, but not in humans, who tend to
exhibit irregular use.

Volatile Solvents
Solvent Abuse
Solvent abuse is primarily a problem in the adolescent popu-
lation (predominantly males). Substances may be sniffed
directly from a tank or container (e.g., gasoline), inhaled
from a bag (e.g., adhesives), or insufflated through a
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saturated cloth held to the nose, also known as “huffing”
(e.g., dry cleaning fluid). Commercially available solvents
frequently include a mixture of several toxic compounds in
addition to chemical adulterants. The chemical compositions
(and toxicities) of commonly abused solvents are reviewed
in Table 1 (16).

The main classes of inhalants subject to abuse are vola-
tile solvents containing aromatic and aliphatic hydrocar-
bons, aerosols containing alcohols, anesthetic agents such
as nitrous oxide, and nitrates. Solvents are highly lipid-
soluble and probably share a mechanism of action with
alcohol and inhalational anesthetic agents.

The CNS effects of solvent inhalation include euphoria,
disinhibition, hallucinations, and relaxation. Tolerance may
occur. Adverse effects include overdosage with potential
seizures or loss of consciousness with absent laryngeal
reflexes and risk of regurgitation and aspiration.

Many inhalants are negative inotropes, and sensi-
tize the myocardium to adrenaline, with consequent risk
of dysrhythmias especially during periods of hypoxia.

A classic scenario involves a parent discovering an adoles-
cent son abusing an agent, startling the abuser, and the
abuser collapsing in sudden cardiac arrest from an acute
cardiac dysrhythmia (17). Myocardial sensitization has
been described with gasoline, chlorinated hydrocarbons
(including carbon tetrachloride, trichloroethylene, and
trichloroethane), and freon aerosols (18). It is not clear how
long after sniffing solvents that the myocardium remains
sensitized. However, if the material can be smelled on the
patient’s breath, hair, or clothes, a significant amount may
still be present in the body.

Chronic solvent abuse may lead to neurological, renal,
and hepatic injury. Toluene and benzenes can lead to
marrow suppression and leukemias. Chemical burns or
explosions may also occur during inhalation. Many solvents
are inhaled from a plastic bag, presenting a potential for
hypoxia or asphyxia.

Means of detection include smelling the agent, looking
for a characteristic “defatting” rash or burn about the nose
and mouth (“glue-sniffers rash”), witnessing evidence of
acute intoxication (slurred speech, drunken appearance),
and detecting the presence of solvent metabolites in the
urine (Table 2) (19).

Anesthetic considerations for the trauma patient
include limiting the use of agents or circumstances that
may further potentiate cardiac dysrhythmias. The patient
should be monitored by electrocardiograph throughout the
acute course of intoxication. Care should be taken to avoid
stimulating or startling the patient with subsequent release
of catecholamines. Conditions (hyperkalemia, hypocalce-
mia) and agents that potentiate myocardial irritability
(halothane, cocaine, and ketamine) should be avoided.
Hypercarbia, pain, and other indirect sympathetic stimu-
lants should also be avoided. Beta-receptor blockers have
been used successfully to treat these dysrhythmias (20).

Cocaine
Cocaine has been used and abused since antiquity. The
Spanish Conquistadors discovered that native Peruvians

Table 1 Chemical Species Present in Certain Abused Solvents

Inhaled agent Chemical Toxicity

Aerosol propellants Fluorocarbons (EPA ban 1978)

Carbon tetrachloride Hepatocellular damage and ATN

Dry cleaning fluid Methylene chloride Cellular asphyxiaa (esp. CNS)

Trichloroethylene CNS and cardiac depression, dysrhythmias

Dyes Acetone CNS depression

Methylene chloride See above

Glues Toluene CNS, PNS, and cardiac depression

Benzene CNS depression, ARDS, cardiac dysrhythmias,

marrow depression

Xylene CNS depression, cardiac dysrhythmias, liver damage

Acetone, trichloroethylene Pulmonary edema (see above)

Trichloroethane See above

Gasoline Petroleum distillates benzene,

toluene, xylene

CNS depression, cardiac dysrhythmias (see above)

Lighter fluid Butane CNS depression, not acutely toxic

Liquid “white out”

products

Trichloroethane See above

Nail polish remover Acetone, amyl acetate (see above) CNS, pulmonary, and hepatic toxicity

Paint thinner Turpentine, pine oils CNS and GI irritability

aMetabolism of methylene chloride by the liver creates carbon dioxide and carbon monoxide (CO). The CO levels can approach 50% following pro-

longed exposure to high levels of methylene chloride.

Abbreviations: ARDS, adult respiratory distress syndrome; ATN, acute tubular necrosis; CNS, central nervous system; PNS, peripheral nervous system.

Table 2 Detectable Metabolites of Various Solvents

Solvent Metabolite

Benzene Phenol

Toluene Hippuric acid

Trichloroethylene Trichloroacetic acid

Trichloroethanol

Xylene Methylhippuric acid

Source: From Graham DR. Solvent abuse. In: Haddad LM,

Winchester JF, eds. Clinical Management of Poisoning and

Drug Overdose. 2nd ed. Philadelphia: W.B. Saunders, 1990:

1256–1259.
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had developed a vast Incan civilization with many rituals
and customs intertwined with the cultivation, harvesting,
and chewing of leaves from the plant Erythroxylon coca.
Chewing the coca leaves was known then, as it is now, to
increase stamina and decrease pain. Inca Witch Doctors are
thought to have used cocaine as an anesthetic by chewing
the coca leaves and dribbling saliva onto the scalp during
trephination. The local anesthetic effects of cocaine were for-
mally introduced to the medical community for the first time
in 1884 by the Viennese ophthalmologist, Carl Koller.

Cocaine is extracted from the leaf of the shrub E. coca,
grown primarily in mountainous areas of South America.
Cocaine is extracted from the leaves with an organic
solvent, mixed with acidic solutions to remove alkaloid
impurities, and neutralized with a base. The resultant
cocaine hydrochloride salt may be turned into a water-
insoluble base form of crack cocaine, so called because of
the noise made by impurities exploding during smoking.

In the 1970s, cocaine hydrochloride became widely
available, and in 1982 crack cocaine spawned an epidemic
of drug abuse. The usage of cocaine increased dramatically
in 1985 following the appearance of this smokable form
(“crack”). In 1986, it was estimated that 40% of Americans
aged 25 to 30 years had tried cocaine, with 3 million people
thought to be regular users (21). At that time, cocaine
became the leading cause of emergency room visits for
illicit drug abuse. In 1995, a study identified cocaine metab-
olites in 26% of New York City residents suffering fatal
injury (22). In 2000, there were 175,000 cocaine-related visits
to an emergency department in the United States (23). In
2002, an estimated 2 million persons (0.9%) were current
cocaine users, 567,000 of whom used crack (24). One
study demonstrated that 57% of violent assault victims and
22% of automobile victims presenting to a Philadelphia
trauma center had a urine or blood test positive for cocaine
and/or its metabolites (25). At one time in New York City,
18% of motor vehicle accident victims tested positive for
cocaine (S. Robert, personal communication).

Cocaine can enter the circulation through insuflation
(nasal snorting), intravenously, or inhaled (as occurs with
crack cocaine). Smoking and intravenous cocaine produce
symptoms within one to two minutes. Cocaine reaches a
peak effect in 5 to 15 minutes, with a plasma half-life of 45
to 60 minutes. Cocaine is metabolized by plasma and
hepatic esterases to renally excreted metabolites, detectable
for up to 60 hours.

Cocaine produces a sudden rush of intense euphoria,
with increased self-esteem, alertness, grandiosity, impulsive-
ness, and hypersexuality. The reason that inhaled crack
cocaine is so addicting is that it bypasses the liver and
travels immediately to the brain. The “rush” is short-lived,
followed by an unpleasant depression in mood, so fuelling
repeated usage and bingeing.

Cocaine has a number of useful clinical effects: it is a
local anesthetic and because of its potent vasoconstrictive
properties is frequently used by anesthesiologists for
topicalization prior to fiber-optic bronchoscopy. Further-
more, cocaine has a more rapid onset and a more prolonged
duration of action than lidocaine. However, some anesthe-
siologists abstain from administering cocaine because of
side effects. Cocaine blocks the reuptake of catechola-
mines both centrally (norepinephrine, dopamine, and seroto-
nin) and peripherally (norepinephrine and epinephrine).
Cocaine is also an NMDA receptor agonist. Cocaine causes
release of the catecholamines, norepinephrine, and epineph-
rine, and also serves as a “false” neurotransmitter (especially

in high concentrations). Cocaine causes direct CNS stimu-
lation through release of the excitatory amino acids glutamate
and aspartate. Additionally, cocaine blocks sodium channels
on CNS neurons and in the cardiac conducting system. These
effects are similar to its local anesthetic properties on the
sodium channel of peripheral nerves. All these factors lead
to proarrhythmic effects of the drug. Additionally, cocaine
can increase platelet aggregation and atherogenesis (26).

The clinical toxicity of cocaine is chiefly related to CNS
hyperactivity with subsequent agitation, paranoia, halluci-
nations, and seizures. Hypertension, tachycardia, and vasos-
pasm can occur. The systemic effects of cocaine arise due to
blockade of catecholamine reuptake at both central and
peripheral sites leading to postsynaptic accumulation of
catecholamines and potentiation of sympathetic neurotrans-
mission. Predominant effects occur in the central nervous,
cardiovascular, and respiratory systems (Table 3), most fatal-
ities being attributed to seizures, strokes, arrhythmias, and
myocardial infarction. Myocardial infarction in young male
regular users with no prior cardiac history has been
frequently reported and attributed to accelerated athero-
sclerosis, thrombosis associated with coronary endovascular
injury, and a procoagulant state and coronary vasoconstric-
tion at a time of elevated myocardial oxygen demand (27).

Cocaine-induced hyperthermia is another important
condition adding to the lethality of cocaine intoxication.
Hyperthermia is more common, and especially dangerous,
with high cocaine levels (.3–6 mg/L) (28), and in warm
environments (29). Besides the hypermetabolic state,
cocaine also impairs the thermoregulatory adjustments that
mediate heat dissipation. Specifically, sweating and
cutaneous vasodilation (the major autonomic adjustments)
and heat perception, the major motivators for behavior
responses (e.g., shade seeking behavior) are impaired (30).
Accordingly, temperature measurement upon admission,
as well as continuous monitoring throughout the application
of cooling measures, is critical.

Severe toxicity can be seen in almost every organ. In
the chest, pneumothoraces and pulmonary infarctions have
been reported, as have cardiac dysrhythmias and infarctions
both due to vasospasm and increased myocardial oxygen
demand (tachycardia and hypertension). Aortic dissections
have also been associated with cocaine intoxication.
Additionally, dilated cardiomyopathys, probably secondary
to repeated microinfarcts, have been reported. Many sudden
deaths are attributed to arrhythmias (supraventricular
tachycardia, ventricular tachycardia, and ventricular fibrilla-
tion) (31) precipitated by the combined effects of sympath-
etic stimulation and myocardial ischemia and possibly
associated with cardiomyopathy or myocarditis in some
cases. The lethality of cocaine is related to the hyper-
dynamic cardiovascular effects as well as hypermetabolic
factors (hyperthermia, seizures, and metabolic acidosis)
and consequent cerebrovascular catastrophes.

The commonest CNS manifestation is seizures second-
ary to focal bleed, ischemia, or direct cocaine-induced
reduction of seizure threshold (32). Ischemic (54%) and hemor-
rhagic (46%) strokes occur, with a mortality of 6% in those
exhibiting focal neurology (33). Although vessel rupture may
occur at a site of pre-existing pathology [arterio-venous (AV)
malformations, berry aneurysms] exposed to hypertensive
surges, sometimes no underlying vascular defect is evident,
prompting speculation that cocaine may itself induce a
vasculitis (34). In addition, rhabdomyolysis, hyperpyrexia
(35), acute renal failure, disseminated intravascular coagulo-
pathy (DIC), and hepatitis (36) have been reported.
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The best therapeutic option for severe acute cocaine
intoxication is treatment with a GABA antagonist drug
such as diazepam or midazolam. Beta-adrenergic blockade
for hypertension and tachycardia can be useful for hemody-
namic control. However, beta blockade does not affect the
propensity for seizures, hyperthermia, or metabolic acidosis.
Treatment with pancuronium has been shown to diminish
body temperature and the physical manifestations of
seizures and acidosis. However, severe hypertension, cer-
ebral edema, and death still result from continuous status
epilepticus. Treatment of cocaine intoxication with benzo-
diazepines has proven to be protective against both seizures
and death (37). The critical elements of therapy for
cocaine intoxication therefore include treatment with a
GABA antagonist (diazepam or midazolam), control of

adrenergic symptoms with additional beta blockade, and
active cooling with an ice bath or forced humidified air.
Diazepam has been shown to be beneficial by preventing
seizures, hyperthermia, academia, and agitation (38). Other-
wise supportive care is the mainstay of management for
acute intoxication. Beta-receptor blockade during cocaine
toxicity can occasionally result in unopposed alpha-receptor
stimulation of blood vessels leading to hypertension (39).
The use of phentolamine or nitroprusside can treat this
reaction (40).

Treatment of arrhythmias by nonselective beta-
blockade may precipitate coronary vasoconstriction and
hypertension secondary to unopposed alpha-stimulation
(41,42). Selective beta-l agents (e.g., esmolol) (43) or agents
with some alpha-blocking activity (e.g., labetolol) (44,45)
are therefore recommended for use. As lidocaine and
cocaine both inhibit fast sodium channels in excitable mem-
branes, it is possible that lidocaine may aggravate cardiac
toxicity of cocaine (46) and may also potentiate cocaine-
induced seizures.

When anesthetizing patients with a history of cocaine
abuse, one should maintain vigilance for several intraopera-
tive problems. These patients may have a decreased
minimum alveolar concentration (MAC) if they have
abstained from drug use for some time prior, and an

increased MAC if acutely intoxicated. Another important
point regarding cocaine intoxication and anesthesia is that
a history of prolonged succinylcholine effect or a known
low dibucaine number is associated with increased toxicity
(47). Because cocaine is hydrolyzed by plasma cholin-

esterase, patients who have a cholinesterase deficiency
are more prone to toxicity with cocaine. Additionally,
concomitant organophosphate insecticide exposure can
lead to a heightened euphoria and prolongation of cocaine
effect and increased toxicity (48). This information has
filtered to the street as evidenced by reports detailing the
use of organophosphate insecticides as an inexpensive
method of heightening the high experienced with crack
cocaine and prolonging its effect (49).

Opioids
Opiate refers to any drug derived from the opium poppy,
including the natural products morphine and codeine,
and the semisynthetic drugs such as heroin, fentanyl, and
sufentanyl. Opioid is a more general term, referring to any
opioid receptor agonist, including synthetic opioids and
endogenous peptides.

Opium has a long history of use by mankind.
Obtained from the poppy Papaver somniferum, thought to
have originated in Asia Minor, the poppy seed exudate con-
tains over 20 alkaloids, including thebaine, morphine, and
codeine. Heroin is a semisynthetic opiate, produced by the
acetylation of morphine. Opioids are the most popular and
effective agents in the treatment of moderate-to-severe
pain. Morphine is the “gold standard” against which other
analgesics are compared. Morphine reduces not only the
perception of pain, but also the emotional component of
pain. Toxicity results from opioid overdose (Table 4), as
well as the adulterants present in street compounds and
the mode of administration. Death from opioid overdose is
usually by respiratory depression.

The cost to society of opioid abuse is great. Many
abusers use an intravenous route of administration and
share equipment, with consequent infection risks. Septice-
mia, bacterial and fungal endocarditis, hepatitic viruses,

Table 3 Effects of Cocaine Intoxication and Abuse on Various Organ Systems

Organ system Cocaine effect

CNS Tremors Delirium

Impaired judgment Psychosis

Disinhibition Vascular headache

Impulsiveness Cerebral vasculitis

Grandiosity Cerebral hemorrhage

Compulsive actions Cerebral ischemia and infarction

Hypersexuality Cerebral edema

Hypervigilance Seizures

Cardiovascular Atherosclerosis Myocarditis

Hypertension Cardiomyopathy

Tachyarrhythmias Aortic dissection

Myocardial ischemia Cerebral infarction and hemorrhage

Myocardial infarction Bowel ischemia and infarction

Pulmonary Nasal perforation Pulmonary edema

Barotrauma Pulmonary hypotension

BOOP Granulomatous pneumonitis

Pulmonary hemorrhage Black sputum bronchitis

Abbreviations: BOOP, bronchiolitis obliterating organizing pneumonia; CNS, central nervous system.
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and human immunodeficiency virus (HIV) are risks
common to all intravenous drug users. HIV is now the
leading cause of death in American males aged 25 to 44
years (50). HIV infection is almost ubiquitous among pene-
trating trauma victims in U.S. trauma centers. Many
addicts turn to crime to finance their habit, and violence
and trauma may occur during acute intoxication.

Two hundred deaths per year occur in the United
Kingdom due to drug-associated respiratory depression,
aspiration, and pulmonary edema. Opioid overdose
produces the familiar triad of coma, miotic pupils, and
respiratory depression, of which the latter is the major

threat to life and readily reversible with the administration
of naloxone (51). However, in a trauma setting, naloxone
must be used with caution to avoid the adverse effects of
agitation, elevation of intra-cranial pressure (ICP), hemo-
dynamic instability, precipitation of withdrawal, and
deprivation of analgesia.

Respiratory depression and sepsis may give rise to
recurrent pneumonia, aspiration pneumonitis, and pulmon-
ary hypertension, whereas noncardiogenic pulmonary
edema mediated by direct opioid-induced increase in pul-
monary capillary permeability is most commonly seen
with heroin (52). Rhabdomyolysis due to coma and immo-
bility or possibly due to a direct effect of the drug should
always be sought and excluded.

In an acute setting, narcotics will reduce anesthetic
requirements, whereas chronic abuse will result in tolerance
and increased anesthetic/analgesic requirement, with
manipulative drug-seeking behavior. Regional and local
anesthetic blocks provide an excellent method of circum-
venting this problem. A withdrawal syndrome (Table 5)
may occur which is not usually life-threatening, and the
unpleasant effects can often be tolerated without pharmaco-
logical intervention (53). The synthetic opioid, methadone,
with a long half-life (15–25 hours) and absence of significant
euphoria, is often used in detoxification and maintenance
programs, whereas clonidine has been used to ameliorate
acute symptoms (54). However, both are now subject
to abuse in the community due to their ready availability,
clonidine being used to boost the effect of methadone.

Amphetamines
Amphetamine was first synthesized in 1887 but only came
into regular medicinal use in the 1930s as a nasal deconge-
stant (benzedrine). The main medical indications have
been as an appetite suppressant in obesity, and in the treat-
ment of Parkinson’s disease, depression, and narcolepsy.
Nonmedical use was first seen in World War II to counter
soldier fatigue, with the first recorded outbreak of wide-
spread abuse occurring in Japan after 1945 when large mili-
tary stocks of methamphetamine appeared on the market.
The use of street amphetamine increased in the 1950s, with
amphetamines now being the second most abused illicit
drug after cannabis.

Amphetamine use leads to euphoria, enhanced
self-confidence, heightened alertness, energy, and sexuality,
but little distortion of reality. Hence the attraction of the
drug to enhance performance in certain groups of society.
Paranoia, leading to violent behavior, may be a feature.

Amphetamines induce release and inhibit reuptake of
catecholamines at adrenergic nerve terminals in a similar,
but more prolonged manner to cocaine. Mydriasis, tachy-
cardia, hypertension, convulsions, and hypertensive ence-
phalopathy may be features of acute intoxication. In the
past, stimulant drugs have not been thought to produce
dependence, but if the term addiction is equated with
drug-seeking behavior, then stimulants are among the
most addicting of drugs.

Chronic amphetamine use depletes catecholamine

stores, resulting in bradycardia and hypotension resistant
to indirectly acting sympathomimetics. Titrated doses
of directly acting agonists are necessary to restore cardio-
vascular stability.

Amphetamine Derivatives
With the use of amphetamines declining due to unpleasant
side effects, the amphetamine-derived “designer” drugs
such as N-methyl-3,4-methylenedioxymethamphetamine
(MDMA, ecstasy) have dramatically increased in popularity
since the 1980s.

N-ethyl-3,4-methylenedioxyamphetamine or MDEA
(street name “Eve”) and MDMA are “ring-substituted”
derivatives of methamphetamine. These are synthetic sub-
stances, with MDMA first synthesized in 1912 by Merke, a
German drug company, with the intention to market the
drug as an appetite suppressant. The drug was also used
as an adjuvant to psychotherapy, but was associated with
serious side effects and withdrawn. Recently, ecstasy use
has greatly increased in association with the dance club
culture. A survey of a nationally representative sample of
14,000 college students at 119 U.S. colleges showed the
prevalence of ecstasy use was nearly 5% in 1999, with a
69% increase in usage from 1997 to 1999 (55). In the United

Table 5 Narcotic Withdrawal Syndrome: “Cold

Turkey”

Craving Sweating

Anxiety Pyrexia

Agitation Mydriasis

Anorexia Lacrimation

Nausea Rhinorrhea

Vomiting Piloerection

Diarrhea Tachycardia

Muscle and bone aches Hypertension

Table 4 Effects of Opioid Intoxication on Various Organ

Systems

Organ system Opioid effect

CNS Analgesia

Mood change

Drowsiness

Euphoria

Miosis

Cardiovascular No direct effects

Decreased sympathetic tone may cause

a decrease in SVR and contractility

Pulmonary Respiratory depression

GI Decreased gastrointestinal motility

Constipation

Nausea and vomiting in some patients

GU Urinary retention

Other Puritis, especially with histamine releasing

opioids (morphine, demerol)

Abbreviations: CNS, central nervous system; GU, genitourinary; SVR,

systemic vascular resistance.
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Kingdom, 7.3% of girls and 9.2% of boys in the 15–16-
year-old age group have experimented with the drug (56).

Illicit MDMA is typically sold as tablets, with various
symbols embossed by the “manufacturer.” It is readily
absorbed from the intestinal tract and reaches peak plasma
concentration after two hours. Metabolism is mainly
hepatic, by cytochrome P450 enzymes, with some pharmaco-
logically active metabolites. The enzymes become saturated
at relatively low drug concentrations, thereafter displaying
zero-order kinetics.

Ecstasy produces a combination of amphetamine-like
stimulation, with mild sensory distortion. MDMA and
other ring-substituted amphetamine derivatives act by
blocking serotonin, and to a lesser extent dopamine,
reuptake, and by increasing noradrenaline release. This pro-
duces sweating, mydriasis, tachycardia, hypertension, and
arrhythmias (Table 6). Deaths have been widely reported
with MDMA use due to toxicity, suicide secondary to
depression, trauma due to risk-taking behavior, and motor
vehicle accidents during intoxication (57–59). The features
of acute intoxication are difficult to distinguish from the
normal physiological response to trauma and pain. Diagnos-
tic confusion over hyperpyrexia developing during anesthe-
sia in an MDMA-intoxicated patient to whom triggering
agents for malignant hyperpyrexia have been administered
is of little practical significance because the mainstay of treat-
ment remains control of body temperature with dantrolene
(60–63), cooling and general supportive care (64).

Adulterants
With street drugs sold by weight, abusers are exposed to
numerous adulterants, which are used to “cut” the illicit
drug in order to maximize profit. These adulterants may
include quinine, strychnine, baking soda, talc, and local
anesthetics. All these agents have potential toxicities.

ALCOHOL ANDTRAUMA

It is unknown when the fermentation of sugars into alcohol
was first achieved, but evidence exists of the founders of the
Babylonian Empire brewing beer in 4000 B.C. Winemaking
techniques were described by the Egyptians in 3500 B.C.
and from that time onward alcohol has been produced wher-
ever humans have settled. In the Middle Ages, alcohol was
thought by alchemists to be the elixir of life, with doctors
and quacks recommending it for a wide variety of conditions

as disparate as depression, venereal disease, and gout. The
Gaelic term usquebaugh, now pronounced whiskey, means
the “water of life.” Over the centuries, the folklore of
the “medicinal” attributes and positive image of alcohol
has persisted in the public mind, despite the deleterious
effects it has had on individual and public health.

Recently, modest alcohol intake has been shown to
be beneficial, with red wine in particular offering protec-
tion against cardiovascular disease. This is thought to be
due to the presence of certain phenols such as quercetin
and rutin, which increase high-density lipoprotein levels
and have anticoagulant and antioxidant properties.
However, alcohol-related disease and injury results in
100,000 deaths per year in the United States at a cost in
excess of $86 billion (65). Alcohol has been recorded as a
contributing factor in 50% of all trauma deaths, and has
been detected in 70% of all fatally injured drivers accord-
ing to the Insurance Institute for Highway safety. The
1997 Casualty Report on Road Accidents in Great Britain
reported 3599 fatalities, about the same level as 1996,
which was the lowest since records began. However, 23%
of drivers killed in road accidents were over the legal
blood alcohol limit (80 mg/dL) and there was an increase
in casualties from drink-drive accidents between 1993
and 1996 (66).

In the United States, the risk of traumatic brain injury
has been shown to be linearly related to blood alcohol con-
centration (BAC) (65), intoxicated drivers having a 17-fold
increased risk of being involved in a fatal road accident
(67). In South Africa, alcohol is detected in the majority of
victims of interpersonal violence (68).

Recognition of Intoxication
The negative consequences of alcohol ingestion can be con-
sidered in two categories: acute intake with the potential
consequences of intoxication, and the pathophysiological
effects and risks associated with chronic alcohol consump-
tion. The acute effects of alcohol ingestion are well known.
Levels of intoxication can be accurately related to BACs.
Levels between 50 and 100 mg/dL produce increases in con-
fidence with disinhibition, impaired concentration, sensory
and motor disturbances, and reduced reflexes. These
effects become more pronounced with higher blood levels,
with coma, and respiratory and cardiovascular depression
likely above 500 mg/dL. Objective assessment of the
degree of intoxication may be difficult. By impairing CNS
function, acute intoxication can markedly hamper assess-
ment of trauma victims when using scoring systems such
as the Glasgow Coma Scale (GCS). Police detection of intoxi-
cation in road accident victims can be up to 100% specific,
but sensitivity may be only 53% to 64% (69,70). Those with
higher BACs are more often correctly assessed (70). Simi-
larly, breath odor is notoriously unreliable as it is often due
to beverage impurities and not ethanol vapor. Legal
intoxication varies between countries and refers to a BAC
of .100 mg/dL in the United States, .80 mg/dL in Great
Britain, and .50 mg/dL in Australia.

Acute Intoxication Effects
Ethanol is highly soluble in both water and fat, and so
absorption from the stomach and small intestine is
rapid, with widespread distribution throughout all body
tissues. Absorption is slowed by fat- or carbohydrate-rich
loads in the stomach and enhanced by carbon dioxide,
such as in champagne and mixers. Beverages with an

Table 6 Life-Threatening Complications Associated with

Methylenedioxymethamphetamine Ingestion

Hypertension Acidosis

Hypotension Hyperthermia

Arrhythmias Hyponatremia (polydipsia, SIADH)

Intracranial hemorrhage Hyperkalemia

Intracranial infarction Hypoglycemia

Intracranial thrombosis Hepatic failure

Seizures Rhabdomyolysis

Coma Coagulopathy (DIC)

Neuropsychiatric disorders Acute renal failure

Abbreviations: DIC, disseminated intravascular coagulopathy; SIADH,

syndrome of inappropriate antidiuretic hormone secretion.
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alcohol concentration greater than 20% may be absorbed
slower due to inhibition of gut peristalsis. The timing and
magnitude of peak alcohol level is determined by the quan-
tity and rapidity of consumption, the alcohol concentration
of the beverage, the presence of food in the stomach, the
time of day of intake, and the gender of the consumer.

Acute and chronic ingestion of alcohol has the poten-
tial to alter the pathophysiological response to trauma.
These effects extend from the immediate resuscitation to
the perioperative period, in the intensive care unit, and on
to the ward. During this time, it is important to identify
the alcohol abuser not only for acute management, but also
as an opportunity to counsel and educate in an attempt to
prevent further trauma. All systems are affected (Table 7).

Central Nervous System
Alcohol ingestion may exacerbate trauma injury in two

major ways: first by exacerbating the initial CNS injury

and second, via a CNS depressant effect, by masking
cranial pathology. In animal studies, standardized
brain and spinal cord injuries result in greater severity of
injury and worse outcomes in the presence of alcohol
(71–73). In a cat model of spinal cord injury, all the
“sober” animals regained a normal gait 10 days following
a standardized concussive spinal cord injury, whereas none
of the alcohol-treated animals, to a BAC of 270 mg/dL,
regained a normal gait (74). Postmortem pathological
examination confirmed greater microscopic damage in the
ethanol group. This exacerbated injury could be explained
by cardiorespiratory and haemostatic derangement pro-
ducing secondary injury. However, the volume of neural
damage following pressure-induced cerebral damage was
increased with ethanol levels of 200 mg/dL, even in con-
ditions of normal cerebral perfusion pressure (75). A free
radical scavenger attenuated the effect.

Ethanol is a potent CNS depressant, acting primarily
by augmenting inhibitory GABAergic synaptic transmission
and by inhibiting excitatory NMDA transmission. Acute
alcohol intoxication may cause profound neurological
depression and hence make assessment of neurological
injury difficult. As a result, the diagnosis of intracranial
hemorrhage may be delayed or unfortunately only found
at autopsy (76).

Respiratory System
A BAC of 400 mg/dL and above leads to a flattening of the
ventilatory response curve to partial pressure of carbon
dioxide, with resultant dangerous or lethal respiratory
depression. Protective laryngeal reflexes are depressed,
together with alcohol-mediated delay in gastric emptying,

with a resultant risk of aspiration of gastric contents. In
animal studies, pulmonary vasoconstriction with increases
in pulmonary vascular resistance have been demonstrated
following soft tissue injuries in pigs treated with alcohol
(77). However, there was little alteration in gas exchange.
Pulmonary vasoconstriction with decreases in peripheral
vascular resistance have been demonstrated in a dog
model (78).

Cardiovascular System
Acute alcohol intoxication has several deleterious

effects on the cardiovascular system: negative inotropy,
a proarrhythmic affect, and peripheral vasodilatation.
Acute ethanol ingestion causes left ventricular dysfunction.
In the presence of severe trauma cardiac output decreases
and myocardial injury may be worsened (79,80). Dogs sub-
jected to a standardized chest impact in the presence of
ethanol have an increased mortality attributable to increased
incidence of electromechanical dissociation and left ventri-
cular dysfunction (81). The left ventricular dysfunction is
characterized by an increase in end diastolic pressure and
decreased stroke volume (82,83). Acute alcohol intoxication
in humans is a well-recognized cause of acute atrial fibrilla-
tion (“holiday heart”) and, more rarely, atrial flutter, ventri-
cular ectopics, or ventricular tachycardia even in the absence
of cardiomyopathy (84). Chronic alcohol consumption may
lead to ventricular conduction delays that become important
in acute intoxication (85).

Alcohol is a peripheral vasodilator which reduces the
effect of vasopressors and can therefore be expected to
exacerbate hemorrhagic shock (86). In intoxicated dog and
rat models, the necessary blood loss to attain hypotension
has been demonstrated to be significantly less than that
required in nonintoxicated animals (87–89). Trauma patients
reaching the emergency department tend to have lower
blood pressures if accompanied by elevated BACs, and the
renal diuretic effect of ethanol will counteract the body’s
attempts to conserve fluid in the face of shock. It has also
been suggested that alcohol intoxication may predispose to
thrombocytopenia and platelet dysfunction (90).

At modest blood levels, the thermoregulatory set
point is altered and shivering is inhibited resulting in

decreased heat production. This combined with peripheral
vasodilation and consequent loss of core heat can lead to
rapid and severe hypothermia.

Metabolic Effects
Hypoglycemia due to reduced gluconeogenesis and reduced
stores of hepatic glycogen are well-recognized consequences
of acute and chronic alcohol abuse. Occasionally, alcoholic
ketoacidosis may be encountered and there is evidence
that alcohol may worsen acidosis by other mechanisms
including lactic acidosis (91). Electrolyte abnormalities,
including deficits of calcium, phosphate, and magnesium,
may also be seen particularly in head-injured patients (92).
Similarly, phosphate and potassium levels may drop dra-
matically following administration of glucose containing
intravenous resuscitation fluids in a patient who has been
without regular food for some time. Alcohol can increase
cell membrane lipid fluidity (93), interfere with intracellular
transduction (94), and alter transmembrane sodium and
potassium fluxes (95). These may be the cellular expla-
nations of the wealth of animal work demonstrating the
deleterious effects of alcohol intoxication in the trauma
setting. The alteration in the thermoregulatory set point

Table 7 Effects of Acute Alcohol Intoxication

Disinhibition Reduced laryngeal reflexes

Impaired concentration Respiratory depression

Sensory and motor disturbances Pulmonary vasoconstriction

Reduced reflexes Dysrhythmias

Exacerbation of primary

CNS injury

Reduced level of consciousness

Coma

Negative inotropy

Peripheral vasodilatation

Hypoglycemia

Ketoacidosis

Delayed gastric emptying

Abbreviation: CNS, central nervous system.
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occurring with alcohol intoxication increases the patient’s
risk for exposure-related hypothermia.

Anesthetic Agent Requirements
Acute alcohol ingestion has an additive action with general
anesthetic agents (96,97). High BACs may lead to such pro-
found neurological depression to achieve surgical anesthe-
sia. A moderate BAC of 100 mg/dL reduces the MAC of
volatile agents by almost 40% (98). Similarly there is both a
reduction in dose requirement and prolongation in duration
of action of intravenous induction agents and opiates (97).
The interaction with alcohol may even be synergistic,
although there is insufficient evidence for this at present.

Intraoperative fluid requirements may be increased due
to alcohol-induced suppression of antidiuretic hormone,
with consequent diuresis, and vasodilatation.

Injury Outcome
Although it is well recognized that alcohol increases the risk
of injury, controversy continues as to whether alcohol contrib-
utes to the severity and outcome of injury (99). Some studies
suggest little effect from the presence of alcohol (100–107),
whereas others suggest worse outcomes in the presence of
intoxication (108–113). Many of the experimental studies,
predominantly involving animal subjects, lead to the con-
clusion that alcohol has a deleterious effect on trauma. The
difficulty is extrapolating this to the human victim. Primate
studies are rare. Additionally, publication bias towards
those studies showing an adverse effect for alcohol may
have skewed what appears in the literature. Moreover,
there is little work on the effects of chronic alcohol ingestion
which is clearly a very real consideration in human trauma
cases. Rats exposed to ethanol for 15 days prior to spinal
cord injury were less affected by acute ethanol intake
as regards recovery of axonal conduction, which suggests
that the effects of tolerance are significant in terms of
outcome (73).

Clinical human investigations roughly split themselves
between trauma center/hospital-based studies, which
usually report that injury severity is not related to alcohol
consumption, and studies based on police department data,
in which there is a positive correlation where alcohol “potenti-
ates” injury severity (99). The former have an incomplete
denominator in their design, in that victims dying at the
trauma scene or those with minor injury are not included.
Alcohol is more prevalent among scene fatalities (114,115).
They also have poor details of the kinetics of the crashes
involved and so are unable to control for this; given the
“same” crash will the intoxicated victim have worse injuries?
The latter studies usually have little information on BAC
and injury severity.

In a study of 1198 patients admitted over 14 months to
a trauma center, 32% tested positive for BAC, there was no
significant relationship between BAC and injury severity
score (ISS), and fatality rate was lower among patients
with blood alcohol levels (101). More recently, in a study of
1498 patients attending a level 1 trauma center, 41% tested
BAC-positive, no association was found between BAC and
ISS, and length of hospital stay was shorter if there was
alcohol found in blood (104). Conversely, a five-year analysis
of over 1 million motor accidents reported to the North
Carolina Division of Motor Vehicles found 9% positive for
BAC (according to the police officer’s assessment), and
concluded that drivers who were BAC-positive were more
likely to sustain injury (116).

It is clear that the effect of alcohol on injury severity
and outcome is yet to be defined.

Sequelae of Chronic Alcohol Abuse
Both acutely intoxicated and nonintoxicated trauma victims
may suffer the pathophysiological effects of chronic alcohol
ingestion, affecting many systems (Table 8). Chronic
ethanol use may cause hypertension, with associated risks
of ischemic heart disease and strokes, and alcohol
cardiomyopathy, leading to arrhythmias, especially atrial
fibrillation, and biventricular failure. Bone marrow synthetic
function may be suppressed, leading to anemia and immu-
nosuppression. The liver may exhibit a range of histopatho-
logical changes, from fatty infiltration to acute alcoholic
hepatitis and cirrhosis. Susceptibility to liver damage is
affected by genetically determined tissue types, gender
(higher in females), nutritional state, and quantity of
alcohol consumed. Liver failure may ensue with resultant
synthetic dysfunction, leading to coagulopathies, hypo-
albuminemia, hypoglycemia, reduced levels of plasma
cholinesterase (resulting in a prolonged suxamethonium
neuromuscular blockade), and reduced enzymatic metab-
olism of drugs and hormones. Cirrhosis may lead to portal
hypertension, with risk of massive hemorrhage from eso-
phageal and gastric varices, and ascites. The effects of a
wide variety of drugs become less predictable due to
abnormalities in absorption, distribution, protein binding,
metabolism, and excretion. Increased total body water due
to secondary hyperaldosteronism may exacerbate edema
and hyponatremia.

Magnesium, potassium, and phosphate replacement
will often be necessary, and should be supplied with
multivitamins, folate, and thiamine. These patients may
have hypoglycemia due to impaired gluconeogenesis and
because of an increased NADH/NADþ ratio. When chroni-
cally starved, alcoholics may receive glucose for the first
time after a long period of subsisting only on ethanol for cal-
ories, and several complications can occur (117). First, they
may develop an acute hypophosphate syndrome that may
be associated with rhabdomyolysis and neurologic dysfunc-
tion. This occurs since the first step in glucose metabolism
involves the transformation of glucose to glucose-6 phos-
phate, thus depleting the patient’s already low phosphate
reserves. Second, thiamine is used in the metabolism of
glucose and is typically extremely low in chronic alcoholics.
The administration of glucose containing fluids to an
alcoholic patient without concomitant thiamine may result
in Wernicke’s encephalopathy. The postoperative focus
should be on attenuating symptoms of alcohol withdrawal
and avoiding delirium tremens (DTs) or seizures with
prophylactic benzodiazepine administration when needed.

The neuropsychiatric effects of chronic alcohol use are
wide ranging (Table 8). This includes trembling, sweating,
insomnia, headaches, blackouts, and poor concentration.
Alcoholic hallucinosis and morbid jealousy are well
described. Alcoholic brain damage, with generalized intel-
lectual impairment, is associated with demonstrable patho-
logical changes on computed tomography (flattening of
sulci and widening of ventricles). Wernicke’s encephalopa-
thy is characterized by an acute onset of nystagmus, ocular
palsy, and ataxia, usually accompanied by confusion and
apathy. The underlying pathology is multiple periventricu-
lar hemorrhages, particularly around the third and fourth
ventricles, due to thiamine deficiency, of which alcoholism
is the commonest cause. This may be followed by a
chronic syndrome of dementia known as Korsakoff’s
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psychosis, characterized by impairment of short-term
memory, a variable degree of global intellectual deficit,
and the covering up of memory impairment by plausible
conversation known as confabulation.

Few patients will manifest this wide array of symp-
toms and signs. The chronic alcohol abuser may not be
readily identifiable in the trauma room, but may need
prompt intervention to prevent complications. Delay in
surgery may reveal alcohol withdrawal and DTs, and
surgery itself may precipitate acute hepatic encephalopathy,
Wernicke’s encephalopathy, or Korsakoff’s psychosis. Identi-
fying the chronic alcohol abuser in the trauma setting may
allow intervention and education to attempt to prevent
further alcohol abuse and alcohol-related accidents.

Questionnaire screening instruments, such as CAGE
(118), saliva alcohol tests (119), and aggregates of biological
alcohol markers (120) have all been used to attempt to ident-
ify trauma patients with alcohol problems. Patients may
initially accept referral to drug and alcohol teams (121),
and it may be that the postinjury “window of opportunity”
will provide that important “teachable moment” (122).

Alcohol Withdrawal Syndrome
In contrast to opioid withdrawal, withdrawal from ethanol
can be fatal. Within six hours of cessation of alcohol intake,

a chronic user may begin to experience withdrawal effects
(123,124). Tachycardia, anxiety, and tremor may progress to
full DTs with agitation, hallucinations, and seizures. With
supportive care, the mortality for this condition is now less
than 1%.

The pathophysiology of ethanol withdrawal is related
to stimulation at the GABA receptor. Benzodiazepines
are agonists of GABA and are therefore an excellent treat-
ment both prophylactically and acutely for DTs. Patients
without a history of alcohol withdrawal-related seizures
can be treated with benzodiazepines on an individualized
“as-needed” regimen with equal efficacy as a standard
fixed schedule (125). Alternative treatments include cloni-
dine, dexmedetomadine, or ethanol infusions. Adequate
nutritional and vitamin support is an important ongoing
need of the chronic alcoholic. Finally, introduction to an
alcoholic counseling and support group such as Alcoholics
Anonymous is recommended.

TOXICOLOGY SCREENING

The most widely used screening procedure for drugs of
abuse is currently the qualitative analysis of urine. Large-
volume samples can be easily collected and contain high

Table 8 Effects of Chronic Alcohol Ingestion

System Effects

Neurological Poor concentration

Hallucinosis

Insomnia

Blackouts

Tremulousness and seizures—during

withdrawal

Korsakoff’s psychosis

Wernicke’s encephalopathy

Dementia

Cardiovascular Cardiomyopathy

Hypertension, diaphasesis

Pulmonary Aspiration pneumonia

Hepato-pulmonary syndrome (if cirrhotic)

Gastrointestinal GI bleeding

Hepatic failure

Cirrhosis and portal hypertension

Decreased albumin

Renal, fluids, and electrolytes Hyponatremia, total body

phosphate, potassium and magnesium deficit

Hepato-renal syndrome

Altered drug pharmacokinetics and

pharmacodynamics

Infectious disease Immunosuppression

Hypersplenism

Bone marrow suppression

Hematological Thrombocytopenia

Macrocytic anemia

Decreased coagulation factor production

(especially II, VII, IX, X).

Endocrinological Decreased glycogen storage and

gluconeogenesis (hypoglycemia)

Increased estrogen (i.e. gynocomastia)
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concentrations of drugs and/or their metabolites. This
makes urine an ideal screening matrix. Analytical methods
are available for plasma, serum, and whole blood, but
samples contain low concentrations of drug, there may be
difficulty in obtaining samples, and sample handling rep-
resents an infection risk. Although blood analysis is not a
rapid, nonselective screening matrix, it is essential for quan-
titative analysis of illicit drugs and some countries rely on
blood alcohol quantification for the prosecution of inebriated
vehicle and machinery users. Analysis of saliva, hair, and
vitreous humor is available for chronic illicit drug use
screening, but is of little use in the acute trauma setting.

Toxicology testing requires a simple rapid method of
preliminary drug screening with confirmatory procedures
for positive results. The screening of urine samples currently
relies on immunoassay techniques. Commercial kits are
available for all commonly ingested drugs, the antibody
reagent being sufficiently sensitive and specific to allow
the direct assay of untreated urine. Difficulties can arise
with cross-reactivity between drugs in the same group or
their metabolites.

Highly specific, quantitative chromatography tech-
niques are currently employed following a positive screen-
ing result. Modified solvent extraction systems are utilized
to concentrate samples into a small volume of volatile
solvent. Various chromatography techniques are available
including thin-layer chromatography, high-performance
liquid chromatography, and capillary gas chromatography.
Differing laboratories will utilize different techniques when
testing for specific agents. For example, the combination of
gas chromatography and mass spectrometry is a particularly
powerful technique for the unequivocal identification of
individual opiates.

MANAGEMENT PRINCIPLES

Alcohol or drug intoxication may complicate diagnostic
and certain therapeutic options in the trauma patient;
however, basic management principles still prevail. In
addition, the consequences of drug abuse must be con-
sidered by the traumatologist. Particular attention should
be focused upon seqvelae of the drug ingested, the
patient, and the staff.

Emergency Management Principles
Employ common basic ATLSw principles (ABCDE approach).
Secure/protect the airway, maintain adequate ventilation, and
ensure adequate oxygen delivery to tissues. Intravenous
access must be obtained, and the first fluid should be one con-
taining thiamine, folate, and multivitamins to stave off the
acute effects of Werneke Korsikoff syndrome.

If the situation allows, a period of observation
and monitoring while acute intoxication resolves may be
the ideal approach. However, in the trauma setting,
interventions will likely be necessary to facilitate protective
strategies, imaging, or surgery.

An aggressive policy of early rapid sequence induc-
tion and tracheal intubation may be the safest option in agi-
tated or aggressive patients and those with a markedly
depressed level of consciousness. It allows the situation to
be bought under control, protecting both the patient and
staff from injury, allowing for accurate assessment, radio-
logical imaging and treatment, and reducing the possibility
of secondary brain injury.

Never assume a reduced conscious level or behavioral
disturbance is due to alcohol or drugs alone, because this
may have devastating consequences if injuries are missed.
Keep an open mind to treatable physical or metabolic causes.

Anticipate and protect the patient from the effects of
acute and chronic drug intoxication and institute appropri-
ate monitoring. In particular, anticipate the cardiovascular
sequelae of negative inotropy, arrhythmias, and vasodila-
tion. Protect from hypothermia and anticipate increased
blood loss and fluid requirements. Consideration must be
given to early invasive monitoring. Arrange access to and
follow-up by detoxification and social support services.

Drug-Specific Factors
Multiple drug abuse is common and may be associated with
tolerance (enzyme induction or receptor adaptation),
delayed effects, and possible drug interactions. Each drug
has its own spectrum of acute and chronic toxicity. Many
drugs have similar pathophysiological effects (Volume 1,
Chapter 31). Specific therapies have been outlined above,
and will be explored for other intoxicants in Volume 1,
Chapter 31.

Urine toxicology screening tools should be readily
available and utilized. These tests cannot distinguish the
effects of drugs/alcohol from other clinical scenarios, such
as intracerebral pathology or continuing occult hemorrhage.
Accordingly, all trauma patients with significantly altered
mental status must have a head CT, regardless of toxicology
results.

Adulterants and their toxic effects may add to the
clinical puzzle (e.g., quinine, strychnine, local anesthetics,
sugars, baking soda, and talc). Additionally, the clinician
needs to be mindful of frequently employed drug conceal-
ment ploys utilizing body orifices (“body packing”), which
if undiagnosed and absorbed systemically may be lethal.

Patient Factors
Accurate history is often unavailable or unreliable. Hence
the importance of heightened awareness of the problem
among treating physicians backed up by a comprehensive
working knowledge of the commonly abused drugs. It
may be difficult to differentiate between the physiological
effects of trauma, injury, and pain and those of acute drug/
alcohol intoxication. The neurological sequelae of acute
drug intoxication may mimic or mask treatable intracranial
pathology and metabolic derangement with potentially
devastating consequences when these are missed. Reduced
patient cooperation may also impede care.

Health-Care Provider Factors
Staff should have a heightened awareness of the scale of the
problem, backed up by a comprehensive working knowl-
edge of the local patterns of commonly abused drugs. Staff
must be protected both from physical injury and trans-
mission of infection (eye protection, gowns, gloves, and
masks).

EYE TOTHE FUTURE

Drug and alcohol misuse are increasing problems in society.
Trauma victims with either acute or chronic toxicology effects
will increasingly present to the hospital. The classes of drugs
misused in certain sections of society are continually chan-
ging. At present, the “designer” amphetamine-related
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compounds are becoming more popular. Our knowledge
and understanding of substances abused must keep pace
with abuser usage. Continual training in trauma scenarios,
with emphasis on thorough assessment for occult injury,
are vital for effective future management of trauma
victims. Testing for illicit drugs is likely to see advances in
the bedside availability of testing kits. However, limitations
in quantitative assessment and the use of new drug groups
will maintain the need for formal laboratory analysis. Devel-
opments are continually being made in the treatment of
withdrawal syndromes, such as the highly effective use of
alpha-2 agonists clonidine and dexmetomidine. Improve-
ments in patient management can improve outcome, but
society itself needs to address the multiple causative
factors of substance misuse.

SUMMARY

Drug and alcohol intoxication has a profound impact on the
victims of trauma. Acute intoxication and criminal activities
to fund illicit drug use may lead directly to traumatic injury.
The intoxicated trauma victim may suffer worsened
primary injury and the effects of intoxication may interfere
with medical assessment and treatment. Significant treata-
ble pathologies may be missed by the unwary who inade-
quately assess and investigate trauma victims. Reliable
toxicology screening and biochemical advice must be
readily available. The pathophysiological effects of chronic
substance abuse have implications during all phases of
medical care and withdrawal syndromes carry significant
risk of morbidity and even mortality. Withdrawal syn-
dromes must be anticipated with early institution of ade-
quate pharmacological, analgesic, nutritional, and vitamin
support. Sympathetic nursing and early access to detoxifica-
tion and support services must be made available. For
health-care providers, the drug or alcohol user poses
issues of personal safety and infection risks. The effects of
drug and alcohol misuse must be clearly understood, and
vigorous efforts made to reduce the incidence and impact
of their use in society.

KEY POINTS

Studies screening admissions to level 1 trauma centers
in the United States showed alcohol use in up to 37%
and illicit drug use in up to 50% of total admissions
(4,5).
When flumazenil is administered to trauma patients,
caution is required due to risks of unmasking procon-
vulsant and sympathomimetic effects of co-ingested
drugs, and/or precipitation of withdrawal (possibly
accompanied by seizure) in chronic abusers. In
addition, there is a risk of resedation due to the short
half-life of flumazenil, 0.7 to 1.3 hours, compared to
the benzodiazepine (12).
Physiological changes produced by LSD include tachy-
cardia (or occasional bradycardia), hypertension,
cutaneous flushing, marked mydriasis, and increased
lacrimation and salivation.
A hallmark of PCP intoxication is violent behavior and
insensitivity to pain.
Horizontal nystagmus, present even at low doses, is a
diagnostic clue to PCP (or ketamine) intoxication (15).

Many inhalants are negative inotropes, and sensitize
the myocardium to adrenaline, with consequent risk
of dysrhythmias especially during periods of hypoxia.
The lethality of cocaine is related to the hyperdynamic
cardiovascular effects as well as hypermetabolic
factors (hyperthermia, seizures, and metabolic acidosis)
and consequent cerebrovascular catastrophes.
The critical elements of therapy for cocaine intoxication
therefore include treatment with a GABA antagonist
(diazepam or midazolam), control of adrenergic symp-
toms with additional beta blockade, and active cooling
with an ice bath or forced humidified air.
Because cocaine is hydrolyzed by plasma cholinester-
ase, patients who have a cholinesterase deficiency are
more prone to toxicity with cocaine.
Opioid overdose produces the familiar triad of coma,
miotic pupils, and respiratory depression, of which
the latter is the major threat to life and readily reversible
with the administration of naloxone (46).
Chronic amphetamine use depletes catecholamine
stores, resulting in bradycardia and hypotension resist-
ant to indirectly acting sympathomimetics.
Alcohol ingestion may exacerbate trauma injury in two
major ways: first by exacerbating the initial CNS injury
and second, via a CNS depressant effect, by masking
cranial pathology.
Acute alcohol intoxication has several deleterious
effects on the cardiovascular system: negative inotropy,
a proarrhythmic affect, and peripheral vasodilatation.
At modest blood levels, the thermoregulatory set point
is altered and shivering is inhibited resulting in
decreased heat production. This combined with periph-
eral vasodilation, and consequent loss of core heat can
lead to rapid and severe hypothermia.
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All substances are poisons; there is none which is not
a poison. The right dose differentiates a poison from a
remedy.

—Paracelsus (1)

INTRODUCTION

This chapter covers the basic science and clinical materials
relevant for care of patients who have been injured by poi-
soning or toxic exposure. Emphasis is placed on identifying
the life-saving therapy and perioperative implications of
each category of poison or toxic exposure.

The chapter initially reviews the general approach to
diagnosis and detoxification of patients who have received
a toxic exposure. The specific toxic exposures are then sur-
veyed along with the recommended management principles
and specific antidotes (where these exist).

The intoxications are categorized on the basis of their
most common mechanism(s) of intoxication in humans.
For example, inhaled toxins include the toxic gases and
vapors. Ingested toxins, commonly known as poisons,
include various oral drugs, foods, insecticides, organic sol-
vents, and herbal remedies. Some of the toxins can gain
entry into the body via several routes; in these cases, the
authors utilized what they felt was the most logical classifi-
cation for the entire group of compounds involved. The
ethanol (ETOH) and drug intoxication extensively covered
in Volume 1, Chapter 30 thus are only mentioned in abbre-
viated fashion here for completeness.

GENERAL APPROACH TOTHE PATIENT WITH
POISONING OR TOXIC EXPOSURE

Although basic supportive care is the foundation of manage-
ment for toxic exposures, several specific therapies and anti-
dotes are available. Remedies are usually most efficacious
when administered early following intoxication. The search
for an early, precise diagnosis of the poison or toxin afflicting
the patient begins immediately after initiating the airway,
breathing, circulation (ABCs) of life-saving therapy and
supportive care. Once a tentative diagnosis is made, specific

corroborative blood levels should be drawn if warranted and
therapy initiated.

Utilization of resources such as a poison control

center and a specialist in medical toxicology is rec-
ommended in order to confirm diagnosis or suggest the
most recent advances in therapy for specific rare toxic
exposures. Finally, notification of public health officials
should occur when managing toxic exposures with epidemic
implications.

Discovering Clues to the Source of Toxic Exposure
Clues to the source of toxic exposure are obtained from the
history, physical examination, laboratory data, and knowl-
edge of several autonomic syndromes associated with each
type of intoxication. Important detective work is sometimes
required to uncover the cause of the intoxication. Knowledge
of the most common toxidromes helps the traumatologist,
intensivist, and emergency department (ED) physician
elicit the important corroborative data from the history,
physical, and laboratory data.

History
If the patient is able to provide information about the particu-
lar compound(s) ingested or clues about the gas inhaled in the
toxic exposure, specific therapy can be employed sooner.
Information regarding the source of toxic exposure may be
provided by the patient or other potential victims. Family,
friends, apartment managers, and coworkers are all useful
resources. Asking the paramedic who brought the patient to
the hospital about the surroundings at the scene can
provide useful clues. The drugs that arrive with the patient
should be reviewed, and the pharmacy listed on the pill con-
tainers can be contacted to determine which other drugs may
have been prescribed. Asking a family member to quickly
review the garbage contents at the patient’s home can some-
times yield useful information. It is important to recognize
that with psychiatric patients or those with suicidal ingestion,
the history is often unreliable.

Physical Examination
The initial physical examination should scrutinize the vital
signs, neurological status, cardiopulmonary condition, and
the cutaneous characteristics. The vital signs, including
pulse, blood pressure (BP), respiration, and temperature
are critical (temperature measurements are frequently
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overlooked in adults, and BP measurements are commonly
omitted in pediatric cases). Weight should also be measured
or estimated for calculation of antidote dosing. Altered
mental status should trigger verification from family
members regarding the patient’s normal neurologic status
and prior episodes of altered mental status. The motor and
sensory examination, including deep tendon reflexes, muscle
tone (flaccid vs. rigid), and abnormal muscle movements
such as clonus, tremor, or seizures should be noted. Pupil
size and reactivity, and the presence of disconjugate gaze or
nystagmus are important findings. Pupil size will be small
with large opioid intoxication and antimuscarinic intoxi-
cation. Nystagmus occurs with phencyclidine exposure, just
as it does with its related compound, ketamine. Skin color,
temperature, and moisture content can provide insight into
the relative sympathetic versus parasympathetic tone
induced by the toxic agent. Ability to control bowel and
bladder functions, and presence or absence of bowel sounds
are also important diagnostic clues.

Laboratory Studies
Critical laboratory tests that should be obtained on all
patients with altered mental status, or toxic exposure to
unknown substance(s) include: arterial blood gas, serum
electrolytes, blood sugar, measured serum osmolality, urina-
lysis, electrocardiogram (ECG), and appropriate radio-
graphs. Serum acetaminophen and ethanol concentration
measurements should also be considered in every toxic inges-
tion. Calculation of the anion and osmolar gaps may aid in the
accurate diagnosis of toxic alcohol poisoning. For unknown
exposures, or those known to cause coagulopathy (e.g.,
acetominophine or salicylate toxicity), blood should be
typed and crossed, and platelet counts and coagulation
studies obtained. Vomitus, pills, and leftover pieces of food
(especially fish or mushrooms) should all be saved for toxico-
logical analysis and definitive diagnosis. With a focused
history, physical examination, and routine laboratory tests,
a tentative diagnosis can be reached relatively quickly in
most cases and specific corroborating drug levels or toxi-
cology samples can then be sent, as initial therapy is started.

Formal serum drug screening tests are not endorsed
(as currently available) because completion times are too
long (2–3 days) to provide useful information, as patients
are at greatest risk during the first few days of intoxication.
However, most health-care facilities do have access to and
utilize rapid turnaround urine screens for drugs-of abuse.
These urine “tox” screens are particularly helpful when
histories are inaccurate.

Autonomic Syndromes
Many toxic compounds affect the autonomic nervous

system producing toxidromes with diagnostic and thera-
peutic significance. The autonomic nervous system is
comprised of two competing systems, the sympathetic and
parasympathetic. The sympathetic nervous system (SNS)
nerve cells originate from the thoracolumbar portions of
the spinal cord (Fig. 1), whereas the parasympathetic
nervous system (PNS) nerve cells arise in the cranial–
sacral portion of the spinal cord (Fig. 2) (2). The cells of
origin for both the SNS and PNS give off myelinated pre-
ganglionic fibers that synapse at nicotinic ganglia using
acetylcholine (ACh) as the neurotransmitter. The SNS
ganglia reside close to the spinal column (an exception
being the adrenal gland). In contrast, the ganglia for PNS
fibers reside near or in the organ innervated.

The postganglionic fibers of the SNS secrete norepi-
nephrine at the receptor of the organ innervated (except at
the sweat glands, piloerector muscles, and a few blood
vessels where ACh is the neurotransmitter). In the PNS,
ACh is secreted at the “muscarinic” receptors of all the
organs it innervates. The term “muscarinic” is derived from
muscarine, a poison in some mushrooms that activates only
muscarinic cholinergic receptors. Similarly, nicotine only
stimulates nicotinic cholinergic receptors. ACh stimulates
both muscarinic and nicotinic receptors. Besides the ganglia
for both SNS and PNS, nicotinic receptors are found at the
neuromuscular junction (NMJ) of skeletal muscles. Muscar-
inic receptors are found in all effector cells stimulated by
postganglionic fibers of the PNS, and also the postganglionic
fibers of the SNS innervating sweat glands, the piloerector
muscles, and a few blood vessels (Fig. 3).

Increased sympathetic tone causes increased heart rate
(HR) and BP, dilated pupils, diaphoresis, bronchodilation,
decreased bowel sounds, decreased detrusor tone, increased
urinary and anal sphincter tone, and release of epinephrine
and norepinephrine from the adrenal medulla (“fight or
flight response” to an acute stress).

Increased parasympathetic tone leads to bradycardia
and hypotension, constricted pupils, bronchoconstriction,

Figure 1 Sympathetic nervous system. Dashed lines represent

postganglionic fibers in the gray rami leading to the spinal nerves

for distribution to blood vessels, sweat glands, and piloerector

muscles. The solid lines joining the thoracolumbar spinal cord with

the various organs represent the postganglionic connection

between the aforementioned ganglia and organ innervated. For the

adrenal medulla, there is no synapse at the celiac ganglion. Instead,

the fibers continue all the way to the adrenal gland where the

nicotinic ganglion is located. The postganglionic effector organ

is the adrenal medulla which itself secrets norepinephrine and

epinephrine. Source: From Ref. 160.
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increased peristaltic activity of the bowels, increased detru-
sor tone, and relaxed urinary and anal sphincter tone.
However, the skin will also be diaphoretic with stimulation
of the PNS because ACh is the neurotransmitter at the end
organ for all cholinergic systems, including the sweat
glands on the skin (Table 1). The PNS stimulation also pro-
motes copious secretions from the glands in the mouth,
eyes and bronchial tree, and diarrhea (“SLUD”—salivation,
lacrimation, urination, and defecation).

Parasympatholytic (anticholinergic) drugs, such as atro-
pine, cause an increased HR and BP, dry flushed skin, and
decreased bowel sounds. If two separate patients present
after ingesting unknown drugs—both with hypertension,
tachycardia, agitation, and dilated pupils—but one is diaphor-
etic and the other has dry and flushed skin, certain toxic drugs
should be implicated. The first patient’s symptoms are consist-
ent with a sympathomimetic syndrome resulting from drugs
such as cocaine or amphetamine or theophylline.

The second patient has all the same features but also dry
skin, thus manifesting a parasympatholytic (anticholinergic)
syndrome, as would occur with atropine, tricyclic antide-
pressant (TCA) overdose, or antihistamines. Phenothiazine
derivatives, some herbal teas containing belladonna, and
some muscle relaxers like orphenadrine should also be
suspected in anticholinergic toxidromes. The TCAs can
cause hypotension, dysrhythmias, and prolonged QT and
QRS intervals on ECG, all due to sodium channel blockage
or myositis.

When a patient presents with pinpoint pupils and a
history of intravenous (IV) drug abuse, bradycardia, depressed
bowel sounds, and miosis, opioid intoxication [e.g., heroin
overdose (OD); Volume 1, Chapter 30] should be suspected.
However, other drugs that cause small pupils should be con-
sidered, including clonidine.

Clonidine is a centrally acting antihypertensive (alpha2
agonist) that causes a decrease in sympathetic outflow and
can mimic opioid overdose by producing miosis, apnea,
and coma. Clonidine rarely responds to naloxone, and this
can help separate the two toxicities.

Interestingly, phenothiazines cause anticholinergic
symptoms (including dilated pupils, most commonly).
However, they also possess potent alpha-receptor blocking
effects and can lead to small pupils, especially when
ingested in large quantities or by small children.

Miosis with diaphoresis, salivation, and hyperactive bowel
sounds should suggest cholinesterase inhibitors as found in
certain insecticides (organophosphates and carbamates).

Decontamination Principles
The decontamination recommendations provided here are
based upon the premise that care is occurring primarily in
an operating room (OR), rather than an ED. Many patients
that will be seen in the OR setting will have sustained
trauma. The usual considerations for these patients still
pertain (full stomach, cervical spine precautions, etc.).
However, increasing numbers of traumatic admissions are
associated with drug intoxications, and poisoning overdose
should be suspected in many of these patients.

Internal Bowel Decontamination
Internal bowel decontamination refers to methods of
decreasing or eliminating the toxic exposure by cleansing
the gastrointestinal (GI) tract (emesis, gastric lavage, etc.).
Certain methods such as ipecac administration or awake
gastric lavage that may be employed at home or in the ED
may not be possible in the OR, because of concomitant
injuries or other reasons for operation.

Induced Emesis
Ipecac is only mentioned to be condemned for most poison-
ing situations. Although ipecac can induce emesis, the
amount of drug removed from the stomach depends upon
the time interval between toxin ingestion and ipecac admin-
istration. Ipecac has no place in the OR or even in the ED any
more for several reasons. First, after about an hour, most
ingested drugs enter the small bowel and little remains in
the stomach. Second, patients who are vomiting prior to
induction of anesthesia are at an increased risk for aspira-
tion. Third, patients vomiting when charcoal should be
started may delay therapy. Fourth, corrosive materials and
hydrocarbons may cause more pathology due to reexposure
of the esophagus and lungs if victims are treated with emesis
therapy. Finally, patients who are becoming comatose or
obtunded are at increased risk of aspiration during emesis.

Gastric Lavage
Gastric lavage has variable efficacy depending upon the time
of ingestion. If the procedure can be done within a few
minutes of ingestion, a significant amount of material can
be retrieved (3). However, if more than 30 to 60 minutes
have elapsed following ingestion, very little material will
usually return. Another problem with lavage is the amount,
size, and configuration of ingested material. If the material

Figure 2 Parasympathetic nervous system. The solid line

represents the preganglionic fibers emanating from the cranial and

sacral nuclei as they proceed to the organs innervated. Note that the

10th cranial nerve (the vagus) is responsible for the entire thoracic

and abdominal parasympathetic innervation. Approximately 75%

of all parasympathetic innervation is derived from the vagus nerve.

The sacral nerves (S-2, S-3, and S-4) chiefly provide the para-

sympathetic innervation to the anal sphincter, the detrusor muscle

of the bladder, and the urinary sphincter. Source: From Ref. 160.
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ingested becomes a solid concretion of pills (as occurs with
iron overdose), or the pill fragments are large, gastric
lavage will not yield much return. If the material is a
liquid or slurry, a lavage may be more productive, especially
with substances that do not bind well with activated char-
coal (see below). Advantages of lavage include its ability to
be performed more quickly than emesis, and the ability to
carry out lavage on a comatose, intubated, or uncooperative
individual. Unfortunately, lavage has not been shown to
improve outcomes in poisoned patients, and most toxicolo-
gists reserve lavage for liquid preparations of potentially
life-threatening substances within one hour of the ingestion.

Activated Charcoal
The most common and widely accepted means of GI

decontamination today is the use of activated charcoal.

Charcoal is probably best administered with an already
placed nasogastric (NG) tube, but an awake and oriented
patient may drink it. Charcoal is activated under heat and
pressure to create a large surface area, and works by
binding toxins in the intestine to prevent their absorption.
Charcoal does not bind all toxins. Particularly, it does not
absorb four main categories of substances: metals (iron,
lithium), alcohols (ethanol and isopropanol), corrosives,
and hydrocarbons. Charcoal does absorb cyanide but it
requires a large amount to bind a significant amount of
this toxin (Table 2).

Use of cathartics with charcoal is controversial, as
they can promote dehydration and electrolyte disorders
(especially sorbitol). Cathartics have been added to charcoal
to theoretically prevent constipation and bowel obstruction
(the so-called “charcoal briquette syndrome”) (4). Most
cases of intestinal obstruction with charcoal have occurred
in the setting of poisons that slow GI motility (antimuscari-
nic or opioid agents). Correct dosing of charcoal (1 g/kg
body weight) seldom requires a supplemental cathartic.
The use of activated charcoal has largely replaced gastric
emptying procedures in GI decontamination.

Whole Bowel Irrigation
Whole bowel irrigation uses a balanced polyethylene glycol
(PEG) electrolyte solution such as Go Lytelyw. This is similar
to what occurs with gut cleansing prior to bowel surgery.
With PEG solutions, there is no net fluid or electrolyte
loss or gain. The PEG solutions are also beneficial for
purging the GI tract of drugs that form concretions (such
as iron tablets) or slow or extended release medications
such as theophylline, valproic acid, and many of the antihy-
pertensive agents, as well in “body packer” situations. The
PEG solutions are administered through a gastric or
feeding tube at a rate of about 1 to 2 L/hr (in children,
1–200 mL/hr), and continued until the rectal effluent is
clear, which may take 6 to 12 hours. In the OR, the patient
should have a rectal tube placed to facilitate collection of
rectal effluent.

Figure 3 Schematic diagram of nicotinic and muscarinic sites in the autonomic nervous system and the neuromuscular junction (NMJ).

ACh is released as the neurotransmitter at the preganglionic fibers (nicotinic receptor-type) of both the sympathetic (SNS) and parasym-

pathetic nervous system (PNS) as well as at the NMJ. In the PNS, ACh is also the neurotransmitter released at all postganglionic sites

(muscarinic receptor-type) for all organs innervated, whereas the SNS releases norepinephrine at most postganglionic sites. At the

adrenal medulla, both epinephrine and norepinephrine are released in large quantities into the systemic circulation (the adrenal medulla

is a giant postganglionic secreting gland). Interestingly, at sweat glands, piloerector muscles, and a few blood vessels, ACh is the

neurotransmitter released by the sympathetic system at these postganglionic (muscarinic) nerves. Abbreviations: ACh, acetylcholine;

N.E., norepinephrine; EPi., epinephrine; Source: From Ref. 160.
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Blood-CleansingTechniques of Internal Decontamination
Supportive care is the guiding principle when treating

patients who are able to breath-off, urinate out, or hepa-
tically metabolize toxic compounds. However, some
drugs that are not immediately metabolized to nontoxic
forms by the liver, excreted by the kidneys, or exhaled
quickly prior to causing injury can be removed utilizing
a blood-cleansing technique such as hemodialysis or

hemoperfusion. Some examples of dialyzable drugs are
theophylline and salicylate (Table 3).

General Concepts/Definitions
Hemodialysis should be considered for patients in renal

failure following ingestions of substances normally cleared
by the kidneys (e.g., aspirin). Hemodialysis is also
beneficial for patients who have ingested a known lethal

Table 1 Autonomic Effects on Various Organs

Organ Effect of sympathetic stimulation

Effect of parasympathetic

stimulation

Eye

Pupil Dilated Constricted

Ciliary muscle Relaxation (far vision) Constricted (near vision)

Glands

Nasal Vasoconstriction and slight

secretion

Stimulation of copious secretion

(containing many enzymes for

enzyme-secreting glands)

Lacrimal

Parotid

Submandibular

Gastric

Pancreatic

Sweat glands Copious sweating (cholinergic) Sweating on palms of hands

Apocrine Thick, odoriferous secretion None

Heart Increased rate Slowed rate

Muscle Increased force of contraction Decreased contractility

(especially of atria)

Coronaries Dilated (b2); constricted (a) Dilated

Lungs

Bronchi Dilated Constricted

Blood vessels Mildly constricted Mildly dilated

Gut

Lumen Decreased peristalsis and tone Increased peristalsis and tone

Sphincter Increased tone (most times) Relaxed (most times)

Liver Glucose released Slight glycogen synthesis

Gall bladder and bile ducts Relaxed Contracted

Kidney Decreased urine output and

renin secretion

None

Bladder

Detrusor Relaxed (slight) Contracted

Trigone Contracted Relaxed

Systemic arterioles

Abdominal viscera Constricted None

Muscle Constricted (adrenergic a) None

Dilated (adrenergic b2)

Dilated (cholinergic)

Skin Constricted None

Coagulation Increased None

Basal metabolism Increased up to 100% None

Glucose Increased None

Lipids Increased None

Adrenal secretion Increased norepinephrineþ epinephrine None

Mental activity Increased None

Piloerector muscles Contracted None

Skeletal muscle Increased glycogenolysis None

Increased strength

Source: From Ref. 2.
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dose or have a measured lethal blood level of a drug (i.e.,
massive theophylline overdose with levels over 100 mg/L)
that has favorable pharmacokinetics.

For hemodialysis or hemoperfusion to be beneficial,
clearance of the drug must be high, and the volume of distri-
bution (Vd) low. Clearance is the number of milliliters of
blood being cleared of the substance per unit time. When
the volume of distribution of the toxin is small, the toxin is
mainly confined to the vascular space. If the toxin has a
large Vd (several times the volume of body water, for
example cyclic antidepressants), this suggests that the drug
is mostly in the tissues and will not be quickly removed by
blood filtering techniques.

Hemodialysis
Hemodialysis is the procedure most frequently used for
removing toxins from the blood. Dialysis requires a large-
bore catheter be placed and the use of an anticoagulant
during the procedure. Hemodialysis is ideal for small,
water-soluble compounds that will easily come across
the water-based dialysate, such as aspirin and alcohols
(Table 3).

Hemoperfusion
Drugs that are larger, less water-soluble, or highly

protein-bound do not easily move across the dialysis mem-

brane into the dialysate. In these cases, hemoperfusion
should be used. In hemoperfusion, blood is passed
directly through a charcoal-containing column, and toxins
are directly adsorbed by the charcoal as the blood passes
through. Hemoperfusion is employed for large drugs that
are protein-bound and not as water soluble, for example
theophylline (Table 3). Hemoperfusion is not a good choice
for drugs that are poorly adsorbed by charcoal (i.e., metals
and alcohols). Both hemodialysis and hemoperfusion
are invasive techniques that should only be used when
necessary.

Other Decontamination Techniques
Less invasive blood-cleansing procedures may be useful in
some patients, including the administration of repeated
doses of activated charcoal and forced diuresis with
manipulation of the urine pH.

Using the Gut as a Dialytic Membrane. Repeated gut
decontamination with a continuous slurry of charcoal
allows use of the gut as a dialytic membrane. This technique
is effective for drugs that are bound by charcoal, have a low
volume of distribution (confined to the intravascular space),
and are not highly protein bound. These drugs readily cross
back and forth between the gut wall capillaries and
are bound by the charcoal located inside the gut lumen
(Table 2). This technique is most effective with large
overdoses of theophylline and phenobarbital.

Forced Diuresis and Urinary pH Manipulation. In con-
trast to digoxin, digitoxin has a small volume of distri-
bution, and urinary excretion can be markedly enhanced
by forced volume diuresis and pH manipulation. Forced
diuresis with IV crystalloids should only be employed in
well-monitored patients, and for toxins with the greatest
risk for developing acute tubular necrosis (ATN), or rhabdo-
myolysis. Indeed, for the majority of poisons forced diuresis
is ineffective and presents a risk for fluid overload.

Alkalinization of the urine can enhance the pH-
dependent elimination of some substances which are weak
acids (e.g., salicylates and phenobarbital). These weak
acids will remain disassociated in acidic urine. But by
alkalinizing the urine, weakly acidic drugs can be ion
“trapped” within the renal tubules and more rapidly

Table 2 Toxic Substances in Which Activated Charcoal Is

Not Indicated

Substance Reasons for not using

Alcohols

Ethanol

Isopropanol

Methanol

Ethylene glycol

Not bound well to charcoal

(relative contraindication, can be

administered for coingestants)

Metals and metalloids

Arsenic

Iron

Lead

Lithium

Mercury

Not bound well to charcoal

(relative contraindication, can be

administered for coingestants)

Corrosives

Acids

Alkalis

Not bound well to charcoal;

charcoal may impair endoscopic

visualization of GI tract

Hydrocarbons

Gasoline

Kerosene

Mineral oil

Not bound well to charcoal; charcoal

may precipitate emesis leading to

aspiration

Table 3 Drugs and Chemicals Potentially Removed by

Hemoperfusion and Hemodialysis

Better removed by

hemoperfusion

Better removed by

hemodialysis

Acetaminophen

Atropine

Barbituratesa

Amanita phalloides

(also well removed

with hemoperfusion)

Cocaine Aminoglycosidesa

Digoxin Arsenic

Glutethimide Aspirina

Malathion

Meprobamate

Beta receptor antagonists

(nadolol, atenolol)

Methotrexate Borates

Muscarine Bromide

N-acetylprocainamide Ethanola

Parathion Ethylene glycola

Paraquat Flouride

Pheno Iron

Phenylbutazone Isoniazid

Phosphorous Isopropanola

Procainamide Lead

Propoxyphene Lithiuma

Quinidine Mercury

Theophyllinea Methanola

Tricyclic antidepressants Methylsalicylatea

Valproic acida Penicillins

Potassiuma

aAgents where data suggest clinical benefit in clearance utilizing extraco-

poreal removal in severe poisoning cases.
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eliminated. Acidification of urine should be avoided, as it
can exacerbate rhabdomyolysis (and ATN), a common
problem in poisoning victims (especially those who have
been passed out from intoxication for hours to days on
hard surfaces).

External Decontamination
External decontamination is aimed at eliminating absorption
of toxins through the skin. Decontamination of clothing and
the external surface of the patient’s body and hair are import-
ant first steps for victims who become externally exposed to
hazardous materials. External decontamination not only pro-
tects the patient from further injury due to absorbed com-
pounds, but also prevents secondary contamination of
others, including health-care workers (Volume 1, Chapters 4
and 39).

There are two criteria for determining whether a
hazardous material is a risk for secondary contamination:
the material must be (i) acutely toxic (or have a potential
for significant long-term effects) and (ii) likely to be carried
on the skin, hair, or clothing in sufficient quantities to
cause a hazard if absorbed (e.g., ambulance and hospital per-
sonnel). Some agents may be toxic if inhaled from the
victim’s exhaled breath (e.g., the potent military neurotoxin
VX, see Volume 1, Chapter 39). However, the vast majority of
agents are not toxic in this regard. Liquids and solvents,
especially oily and nonwater-soluble compounds, can
remain on the victim’s clothing and may pose a significant
hazard following absorption. Decontamination at the scene
will diminish the risk of secondary contamination.
However, some oily chemicals remain secondary contami-
nation hazards even after a complete water flush. These
include pesticides (e.g., parathion) and other chemicals dis-
solved in oily substances. When decontaminating patients,
protective gear should be worn by all workers managing
the patient at the scene, as well as at the hospital. Protective
gear should cover all skin and clothing of the rescue worker.
Occasionally, completely encapsulated suits (with self-con-
tained breathing apparatus) are necessary. External deconta-
mination is fully covered in Volume 1, Chapter 39.

INHALEDTOXIC GASES AND VAPORS

In this section on inhaled toxins and the subsequent section
on toxic ingestions, several compounds will be discussed
that can actually gain entry to the body and cause harm
through several mechanisms. The authors have organized
the compounds according to the most commonly employed
route of intoxication. This approach is taken because the
mechanism of toxin exposure is an important first step in
detecting the precise toxin afflicting the patient.

Furthermore, once the particular toxin, or poison is
identified, early application of specific therapy may
proceed. In this regard, some drugs (e.g., cyanide) can
enter the body by a number of routes, and thus placement
under one category is partly arbitrary, but necessary to
avoid redundancy.

OxygenToxicity
Although oxygen is essential for aerobic existence, in high
concentrations or following the administration of certain
drugs it can become toxic. Oxygen toxicity can be relegated
to three major areas: precipitation of seizures, pulmonary
injury, and retrolental fibroplasia.

Oxygen-Induced Seizures
Oxygen applied at partial pressures in excess of 2 atmos-
pheres can result in seizures. This limits that concentration
of oxygen that should be administered to patients under-
going hyperbaric therapy for conditions other than
carbon monoxide intoxication. The mechanism of seizure
induction is unknown, but is thought to be associated with
oxygen-induced decrement in the inhibitory neurotransmit-
ter, gamma-aminobutyric acid (GABA). Indeed, GABA
concentrations in the brain have been documented to
decrease just prior to seizure initiation (5). Both the concen-
tration of brain tissue GABA and brain PO2 are related to
the seizure threshold. Changes in GABA concentration
may be related to oxygen-radical-induced decrements in
sulfhydryl-containing enzymes.

Oxygen-Induced Pulmonary Toxicity
The partial pressure of oxygen is obviously higher in the
lungs than in any other area of the body, making the lungs
the most vulnerable organ to oxygen toxicity. Pulmonary
oxygen toxicity has been well established. However, the
exact toxic levels in man are unknown because experimental
subjects cannot ethically be exposed to toxic oxygen concen-
trations. Both oxygen concentration and duration of
exposure appear to be important variables. Pulmonary
tissue PO2 is directly determined by inhaled oxygen
tension, thus hypoxemia does not protect against oxygen
toxicity (6).

Reactive oxygen species are the most likely culprits
responsible for pulmonary oxygen toxicity. Molecular
oxygen is a powerful oxidizing agent, and multiple reactive
oxygen species occur in nature. The electronic ground state
of molecular oxygen predisposes it to a univalent pathway
of reduction. Oxidation–reduction reactions involved in
the univalent pathway produce many highly reactive and
potentially toxic intermediates. Superoxide, hydrogen per-
oxide (H2O2), and the hydroxyl radical are some of the
best-understood toxic reactive intermediates. Superoxide
(O22) is formed when one electron is added to molecular
oxygen. Superoxide then undergoes a dismutation reaction
(catalyzed by superoxide dismutase) to yield H2O2. The
H2O2 formed is further reduced via either another dismutase
reaction (catalyzed by catalase) or directly by glutathione
(catalyzed by glutathione peroxidase) to form H2O (7).

In mammalian species, well over 90% of respired
oxygen is reduced by a series of linked electron-carrying
enzymes in mitochondria, producing water without dischar-
ging harmful intermediates (8). However, some reactive
oxygen species are endogenously produced in mammalian
systems by numerous mechanisms, including leakage from
mitochondria during oxidative phosphorylation, microbial
defense by phagocytic cells, and chemical reactions invol-
ving oxidant enzymes (9–11). Important exogenous
sources of reactive oxygen species are sunlight, ionizing
radiation, air pollutants (i.e., nitrogen dioxide), and toxins
(e.g., paraquat) (12,13). Normally, an elaborate array of
extracellular and cytoplasmic antioxidant defense mechan-
isms protect the cell from oxidant injury (including
catalase, superoxide dismutase, and glutathione peroxi-
dase). However, when production of toxic oxygen species
exceeds clearance, cellular damage may result.

Considerable evidence has accumulated implicating
oxidant-mediated injury in the pathophysiology of a great
variety of pulmonary diseases and insults. For example,
oxidant-mediated injury has been proposed in such
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diverse conditions as the acute respiratory distress syn-
drome (ARDS) (14), pulmonary oxygen toxicity (15,16),
endotoxic lung injury (17,18), emphysema, immune-
complex alveolitis (19), aspiration pneumonia (20), intersti-
tial lung disease (21,22), and ischemia-reperfusion-mediated
lung injury (23–28).

Oxygen radical activation of the arachidonic acid
cascade can lead to synthesis of leukotrienes and thrombox-
anes that may further mediate pulmonary leukosequestra-
tion and increased endothelial permeability (29,30). In
addition, oxygen free radicals are thought to moderate an
interleukin-2-induced rise in thromboxane B2, increased
production of hydrogen peroxide by neutrophils, and
increase in pulmonary microvascular permeability (31).
Moreover, oxygen free radicals produced by activated
neutrophils entrapped in the lungs can directly damage
the vascular barrier (32,33).

The dose toxicity curve for humans is only approxi-
mate because it varies according to barometric pressure,
FIO2, level of antioxidant exposure (i.e., drugs like bleo-
mycin), integrity of the normal endogenous antioxidant
defense system (outlined above), as well as whether or not
reperfusion is occurring following an anoxic period. Toxicity
begins with greater than six hours of exposure from 200% to
500% oxygen (2–5 atmospheres), or greater than 12 hours
of exposure at 100% oxygen, or greater than 24 hours of
exposure at 80% oxygen, or greater than 36 hours exposure
at 60% oxygen (34).

Symptoms of oxygen toxicity begin with substernal
pain (thought to be due to irritation at the carina),
accompanied by coughing (35). Symptoms continue to
include severe coughing, acute lung injury, and ARDS.
Care at this time is supportive with the restriction of oxidiz-
ing drugs and limiting FIO2. The administration of antioxi-
dant vitamins E and C may have a role as well.

Retrolental Fibroplasia
Retrolental fibroplasias, also known as retinopathy of
prematurity (ROP) occurs in premature neonates and its
incidence is inversely related to birth weight. The patho-
genesis is unknown but in contrast to early theories
blaming only oxygen concentration, the etiology is now
considered to be multifactorial. The concentration of
oxygen in the atmosphere around the eye, and the concen-
tration of antioxidants (like Vitamin E) may play a more
important role than the inhaled oxygen tension or blood
oxygen tension. Indeed, ROP occurs in premature patients
without oxygen supplementation, and in premature infants
with cyanotic heart disease (36). Furthermore, Vitamin E
supplementation decreases the incidence of ROP (37).
Thus, prophylactic intramuscular vitamin E is usually
administered to premature infants until the retinal vascula-
ture matures (around 44–46 week postconception). The
ROP is associated with apnea episodes until 46 weeks post-
conceptional age as well. Premature infants requiring
anesthesia for procedures should have the FIO2 limited
so that PaO2 does not exceed 100 mmHg. The intraarterial
blood sampling site or transcutaneous oxygen sensor
must be located above the ductus arteriosus in order to
prevent spurious under estimation of the oxygen tension
at the eyes.

Carbon Dioxide Absorbent Toxicity
The two CO2 absorbents most commonly in use in anesthesia
gas machines are soda lime and barium hydroxide lime. The

reader is referred to either the text by Dorsch and Dorsch (38)
or Ehrenwerth and Eisenkraft (39) for a definitive discussion
of these agents. Toxicity of carbon dioxide absorber systems
has been noted in several contexts. First, there are several
reports of the inhalation of fine absorber dust resulting in
bronchial irritation with bronchospasm (40). These cases
have been managed by supportive therapy, and by the rede-
sign of absorber systems to avoid dust contamination of the
inspiratory limb of the circle system.

Carbon dioxide absorbents are known to react with
volatile anesthetic agents to produce both carbon monox-
ide and other toxic compounds. In the former case,
carbon monoxide elaboration is more common with
barium than soda absorbers, when the absorber is dry
(i.e., during high-flow gas flow rates) and when absorber
temperature is elevated. It is more common with some
agents than others (desflurane � enflurane . isoflurane @
halothane ¼ sevoflurane) (41). Overall, the incidence of tox-
icity is considered to be rather low, and in most cases only
supportive care is indicated (42).

The production of toxic compounds from the inter-
action of sevoflurane with absorber material is under inves-
tigation. The culprit toxin appears to be a vinyl ether referred
to as “Compound A.” This compound has been shown to
have an LD50 (lethal dose which causes death in 50% of
lab animals) in rats of 300 ppm, with renal injury, hepatic
injury, and cerebral injury at concentrations of 50, 350, and
400 ppm, respectively (43). It is likely that the LD50
decreases with longer exposures. These concentrations are
similar to those attainable in humans with low flow
systems. Frink et al. (44) found a mean concentration of
20 ppm, whereas a peak of 61 ppm was noted in one
patient. There are no data regarding the toxicity of Com-
pound A in humans (45). Studies have noted that several
predisposing factors increase the production of Compound
A, including the use of dry absorbent, the use of barium as
opposed to soda lime, increased absorber heat, and higher
sevoflurane concentrations. It appears that the capacity of
absorbent to both generate and break down Compound A
may result in marked fluctuations of net output (46).

No clear syndrome of Compound A toxicity has been
described for humans. However, extrapolations of rat data
suggest that renal toxicity should manifest initially, and
only at high concentrations.

Toxic Gases Associated with Combustion and Oxidation
The three principal toxic gases of combustion include carbon
monoxide (CO), phosgene, and nitrogen dioxide. The toxic
CO gas is odorless, colorless, and nonirritating, resulting
from the incomplete combustion of fuels and typically ema-
nates from stoves, furnaces, and automobile exhaust pipes.

The toxicity of CO is fully reviewed in Volume 1,
Chapter 3. Phosgene gas is a colorless, heavier than air,
mildly pungent toxin. It is now a principal precursor in
industrial synthesis and processing, and is also a prominent
breakdown product of a number of chemical compounds,
including paint removers and dry-cleaning fluid (47). Nitro-
gen dioxide is another toxic product of combustion. The
most common routes of exposure of nitrogen dioxide and
carbon monoxide are from cigarette smoking and smog.
However, these gases and the very toxic phosgene gas can
be released during industrial accidents (48). For a complete
review of these toxic products of combustion, the reader is
referred to Volume 1, Chapter 34.
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Toxic Gases of Industry
Methylbromide
Methylbromide is a hydrogenated hydrocarbon typically
used as a fumigant insecticide. It is colorless and odorless,
except in high concentrations. Patients at highest risk for
exposure to this agent are the homeless and burglars who
crawl into structures being fumigated. Symptoms include
neurotoxicity, pulmonary edema, hemorrhage, and pneumo-
nitis. Early signs of methylbromide poisoning include head-
ache, dizziness, nausea, and ataxia. Respiratory symptoms
may be delayed and occur 4 to 12 hours after exposure, fol-
lowed by tremulousness, convulsions, and coma. Treatment
is supportive, and includes administering agents such as
barbiturates and benzodiazepines to control seizures.

Chlorine
Chlorine poisoning occurs in the setting of industrial acci-
dents, swimming pool chlorinators, and when household
bleach is mixed with a strong acid. The accidental injection
of bleach by IV drug abusers has been described but has not
yet been associated with any apparent clinical sequelae (49).

Chlorine gas reacts with water to form hydrochloric
and hypochlorous acid. All three compounds are toxic to
skin, eyes, mucosal surfaces, and respiratory epithelium.
Because chlorine gas is highly water soluble, irritation mani-
fests immediately upon contact with the nasal mucosa
and attenuates further exposure by forcing the victim to
escape the fumes, limiting pulmonary damage. Most high-
concentration exposures occur when the means of escape
is limited. With significant exposures, immediate irritation
of the respiratory tree leads to coughing, bronchospasm,
and chest pain. If sufficient chlorine exposure occurs, a
hyperchloremic metabolic acidosis may ensue (50). Treat-
ment is supportive and consists of topical irrigation of
exposed skin surfaces, standard bronchodilator therapy,
and corticosteroids. Severe pulmonary injury may result in
pulmonary edema requiring mechanical ventilation with
positive end expiratory pressure (PEEP) (51). Nebulized
sodium bicarbonate has been suggested to help severe
cases (52).

A related inhalational hazard to chlorine gas is chlora-
mine, produced by mixing bleach and ammonia (53).
Chloramine is poorly water soluble, and is therefore deliv-
ered to the distal airways in higher amounts than chlorine.
Upon contact with mucosal surfaces, chloramine reacts
with water to produce ammonia and hypochlorous acid,
resulting in pneumonitis. Presentation and management
are essentially the same as for chlorine gas.

Cyanide
Although anesthesiologists most commonly encounter
cyanide toxicity during nitroprusside therapy, cyanide com-
pounds are found in many forms throughout industry pro-
viding multiple opportunities for toxic exposures. Because
of its ability to form complexes with metals, cyanide has
many industrial applications including metallurgy, electro-
plating, and metal cleaning. Hydrogen cyanide (prussic
acid) has been used as a fumigant on cargo ships, buildings,
and to sterilize soils.

Cyanide Poisoning
Cyanides are ubiquitous in nature, and poisonings can occur
following ingestion of plant products. Free hydrocyanic acid
is found in leaves, bark, and seeds of many plants including
apple, pear, cassava, and lima beans. Small amounts of

cyanide are normally detoxified by binding endogenous
thiosulfate to form thiocyanate, a compound excreted by
the kidneys. Konzo is a tropical neuropathy occurring after
the ingestion of cassava beans in the absence of adequate
thiosulfate levels. Cyanide is rapidly absorbed from the
stomach, lungs, and mucosal surfaces, and even through
unbroken skin. Cyanide becomes bound within cells to
iron-containing cytochrome enzymes where it inhibits the
mitochondrial utilization of oxygen (54). Within five
minutes of cyanide ingestion, acute symptoms develop
and death may occur within 20 minutes.

Nitroprusside-Induced Cyanide Toxicity
Cyanide toxicity can occur in the OR or SICU in patients

who have received large amounts of sodium nitroprus-
side (high concentrations or prolonged administration).

Nitroprusside contains 44% cyanide by weight on a molar
basis. Cyanide toxicity can occur when greater than
2 mg kg21 min21 of nitroprusside is used for extended
periods. The first sign of cyanide toxicity in critically ill
patients may be an increased mixed venous saturation
with bright red venous blood (due to inability to utilize
oxygen peripherally) and concomitant lactic acidosis. Symp-
toms in nonanesthetized patients include headache, light-
headedness, vertigo, seizures, and coma. Respiratory
symptoms include dyspnea and a burning sensation of the
throat and mouth. Cyanosis is absent in the early stages of
poisoning. However, as cyanide toxicity progresses, and res-
piration is depressed, cyanosis develops. Patients may also
manifest weakness leading to paralysis. Cardiovascular
signs include dysrhythmias and hypotension. Additionally,
one may smell an almond odor on the patient’s exhaled
breath.

Treatment of Cyanide Toxicity
The acute treatment of cyanide toxicity includes the admin-
istration of commercially prepared cyanide antidote kits
when available (amyl nitrite, sodium thiosulfate, and
sodium nitrite). However, oxygen administration is a critical
first consideration to anyone diagnosed with cyanide tox-
icity, and can enhance specific treatment as well (55).
Cyanide antidote kits contain both amyl nitrite ampoules
and sodium nitrite for the production of methemoglobine-
mia. Methemoglobin produced by either of these nitrites
can bind free cyanide as cyanomethemoglobin. Empiric
administration of amyl nitrite therapy includes inhalation
from an ampoule for 30 seconds of each minute, using a
new ampoule every three minutes. This procedure forms a
methemoglobin concentration of around 5% in the average
70 kg adult, and can be done through ventilator circuits in
intubated patients. In addition, sodium nitrite can be admi-
nistered intravenously to produce methemoglobin at higher
concentrations. However, IV nitrite dosage must be calcu-
lated carefully in order to prevent the formation of toxic
levels of methemoglobin. Methemoglobin itself can cause
dyspnea, acidosis, seizures, coma, and dysrhythmias.
Other drugs causing methemoglobinemia are listed in
Table 4.

Additionally, sodium thiosulfate should be adminis-
tered in cyanide poisoning. Thiosulfate binds cyanide in
the blood to create thiocyanate, a compound with less
toxicity that is easily removed by the kidneys. Thiocyanate
is itself toxic when produced in supranormal amounts
causing tinnitus, miosis, hyperreflexia, impairment of
iodine uptake, and most importantly, central nervous
system (CNS) toxicity. Thiocyanate excretion can be
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enhanced with urinary pH manipulation and is easily
removed with dialysis. In Germany and some U.S. medical
centers, thiosulfate is routinely coadministered with nitro-
prusside to avoid toxicity (56). When cyanide toxicity is sus-
pected, a phone call should be made to a poison control
center after supportive care is initiated for additional specific
therapy recommendations.

War Gases and Personal Protection Sprays
This section provides a brief review of war gases and per-
sonal protection sprays that may be encountered in civilian
practice. For a complete review of weapons of mass destruc-
tion, the reader is referred to Volume 1, Chapter 38.

Vesicant Agents (Mustard Gas and Lewisite)
The vesicant gases include mustard gas, Lewisite, and
mustard variants. Mustard gas is presented here because
of its current storage and recent use in Middle Eastern
conflicts.

Nitrogen mustard is an oily yellowish liquid that is
vaporizable by heat and spread by the wind. Effects are

limited to exposed tissue, and blistering properties may be
delayed for hours. The mucosal irritant effects are immedi-
ately apparent, with respiratory symptoms occurring pri-
marily in victims who cannot escape the fumes. No antidote
is available, although it is known that the application of
warm moist bandages will enhance toxicity.

Sulfur mustard, an alkylating drug, was first syn-
thesized in 1854. The vesicant properties of the chemical
first became recognized and employed on a wide scale
during World War I. Between World War I and II, much
of the information regarding nitrogen mustards was classi-
fied. Since then, some of these agents have proven to
be effective (yet toxic) chemotherapeutic drugs. Mustard
agent was dropped on the Kurdish Village of Halabja,
under a directive from Saddam Hussein in 1992, killing
5000 people (57).

Lewisite, another chemical warfare agent, is an arsenic-
containing vesicant. Immediate pain follows exposure, and
even brief contact results in deep ulceration. British anti-
Lewisite (BAL or dimercaprol) was developed as an antidote
to Lewisite exposure when applied as an ointment. Intramus-
cular BAL has also been used to manage systemic absorption
of Lewisite (58). Severe exposure results in hemolysis and
hypotension. Pulmonary injuries are possible although the
severe pain associated with exposure provides adequate
warning to escape fumes or don protective gear prior to sig-
nificant injury. These and other vesicant agents are further
reviewed elsewhere (59), and discussed further in Volume
1, Chapter 38.

Lacrimators (Tear Gas, Pepper Spray, and Mace)
Lacrimators are widely used for crowd control and for per-
sonal defense and include such commercial preparations
as “war gas,” “pepper spray,” “mace,” and “vomiting gas.”
There are approximately 60 different chemicals and trade
name pseudonyms within this class, although the three
most common agents are chloroacetophenone (CN), chloro-
benzylidene malononitrile (CS), and dibenzoxapine (60).
Tear gases are not truly gases at all, but rather fine
particulates or aerosols dispersed in smoke or by spray
canisters. These agents are noted for their tendency to dis-
perse widely enough that they may cause collateral injury
to the aggressor. If adequate external decontamination of
victims of lacrimators is not accomplished, medical personnel
may become secondarily exposed and overcome by these
agents. External decontamination requires cutting away
clothing and irrigation of affected surfaces in a well-
ventilated area.

Lacrimators are divided into several classes primarily
by chemical structure. Their mechanism of action includes
an intense chemical irritation of the cornea that typically
lasts for 30 minutes. Some expulsion vehicles are capable
of producing high projection velocities and are able to
imbed the agent into the corneal surface. In these cases,
chronic damage with corneal opacification may result. Sali-
vation and throat pain frequently occurs. Tachycardia and
hypertension may occur in response to pain. Pulmonary
symptoms include coughing and chest tightness immedi-
ately after exposure. Bronchospasm is possible when
exposure to tear gas agents occurs in a closed space, but
responds to bronchodilator therapy. Bronchorrhea may
also be seen. Rarely, pulmonary edema may be present
between 3 and 24 hours after exposure. Most significant inju-
ries are noted with CN, with reports of deaths after high con-
centration exposure. CS, the most commonly used agent, has

Table 4 Some Drugs and Chemicals Known to Cause

Methemoglobinemia

Aminophenones Nitrites/nitrates (continued)

4-Aminopropiophenone Isobutyryl nitrite (inhalation abuse)

Antimalarials Sodium nitrite

Chloroquine Silver nitrate (burn therapy)

Primaquine Nitrite/nitrate meat preservatives

Arsine Carrots/spinach (infants)

Cetrimide Nitrate-contaminated well water

Chlorates Nitrate salts

Cocaine (adulterated

with benzocaine)

Nitroglycerin

Nitrite/nitrate medications

Copper sulfate Contaminated nitrous oxide

Dapsone anesthesia canisters

4-Dimethylaminophenol Occupational exposure to

Dinitrophenol Aniline dyes

Exhaust fumes (diesel) Chloroaniline

Flutamid Dichloroaniline

Herbicides (some) Dinitrobenzene

Hydroxylamine Nitrobenzene

Hydrazines 4-Nitrobenzonitrile

Inks Nitrochlorobenzene

Local/topical anesthetics Nitrotoluidine

Benzocaine Orthotoluidine

Prilocaine Paratoluidine

Metaclopramide PAS

Methylene blue

(clinically

insignificant)

Phenacetin

Phenazopyridine

Resorcinol

Mushrooms

Naphthalene

Nitrites/nitrates

Amyl nitrite

(inhalation,

ingestion)

Bismuth subnitrate

Butyl nitrite

(inhalation abuse)

Smoke inhalation

(enclosed-space fires)

Sodium betanaphthol

disulfonate (R salt)

Sulfonamides

Trinitrotoluene

Abbreviation: PAS, Para-aminosalicylic acid.
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never been associated with a death, even after high-
concentration exposures.

A common personal defense product today is capsi-
cum oleresin (chili pepper oil). Capsicum produces immedi-
ate burning on contact with mucous membranes, but is not
otherwise considered to be toxic. Lacrimating agents are
also sometimes included in pesticide preparations to warn
of impending exposure to more toxic substances (61).

Management of exposures to these chemicals begins
with application of oxygen and assurance of airway and ven-
tilation, maintaining a barrier between rescue worker and
patient (i.e., gloves, etc.). Next, decontamination of the
patient occurs by removing saturated clothing and irrigating
exposed surfaces. Treatment then focuses on bronchodilator
therapy if needed, and monitoring of pulmonary status.
Contact lenses, if in situ, should be removed. Immediate
ophthalmologic evaluation may be required. Anesthetic con-
siderations are limited to the management of bronchospasm
and other pulmonary sequelae.

Nerve Agents
A wide variety of gases and vapors have been used as
weapons, principally during World War I. Phosgene and
chlorine gas, which accounted for 80% and 10% of gas-
related fatalities during World War I, respectively, are
reviewed in preceding sections. More potent agents were
subsequently synthesized by the Nazi government prior to
World War II, and included nerve agents, such as tabun
(GA), sarin (GB), soman (GD), and VX. All these agents are
in various levels of production or storage around the
globe. These nerve agents are vapors with toxic effects
similar to the organophosphate insecticides, although far
more potent. These agents have been banned from modern
warfare, although as recently as 1988, traces of nerve
agents have been isolated from Kurdish villages in northern
Iraq. The potency of these compounds is impressive—a
single drop of certain agents, properly aerosolized, is
capable of killing thousands of people by skin contact
alone. The “G” agents have high vapor pressures that facili-
tate their use as highly toxic and volatile organophosphates,
whereas the oily nature of VX makes it a persistent agent,
used in a manner similar to a minefield.

These nerve agents may be absorbed by inhalation, or
by absorption through the skin, with death occurring in
minutes to hours. Therapy begins with the strict limitation
of exposure of health-care personnel to the contaminating
agent. Respiratory muscle paralysis and apnea can occur
abruptly, and coupled with the common occurrence of pul-
monary edema, often necessitates rapid airway protection
with intubation and mechanical ventilation. Antidotal
therapy with anticholinergic drugs (i.e., atropine) and cholin-
esterase rejuvenators (e.g., oxime drugs such as pralidoxime)
should rapidly follow. Large quantities of these antidotes
may be required. Up to 2000 mg of atropine have been
needed in some severe poisonings (59). Oxime agents are
used to unbind AChE from the nerve agent. Oximes are
usually only effective over a relatively brief period of time
after exposure, after which the enzyme is irreversibly
bound. Pralidoxime (Protopamw) is the agent most com-
monly used in this context. The toxicity due to AChE inhi-
bition is more fully developed in the section on
organophosphate insecticides (the most common civilian
source of exposure to these types of drugs).

Pretreatment protocols exist that involve the use of
carbamates (e.g., pyridostigmine) to bind AChE, thereby
denying a pool of enzyme to the nerve agent. In theory,

after acute exposure to the nerve agent, the enzyme will be
slowly unbound from the pyridostigmine, permitting a
more rapid return of enzyme activity (62).

As nerve agents bind AChE irreversibly, toxic exposures
are additive until enzyme is regenerated. Long-term effects
not explained solely by the acute effects of these agents
include memory loss, concentration deficits, and hallucina-
tions. An excellent review of these agents is available for
further study (63,64). Additionally, these agents are discussed
in greater detail in Volume 1, Chapter 39.

Solvent Abuse
A variety of solvents are abused by inhalation in an attempt
to obtain a quick, inexpensive, euphoric effect. Although
each of these agents could be considered individually, the
group is rarely encountered by the anesthesiologist except
in the context of abuse. Industrial accidents and combustion
(i.e., smoke inhalation) are the two other common sources of
accidental exposure for these agents. As always, when an
exposure is suspected, identification of the agent involved
is a logical starting point. A certified regional poison
control center has the resources to identify specific agents.
The reader is referred to Volume 1, Chapter 30 for a complete
review of these agents.

TOXIC INGESTIONS (POISONING)
Medications Associated with Overdose and Toxicity
Acetaminophen
Acetaminophen poisoning is a major source of acute fulmi-
nant hepatic failure. Although early symptoms may be non-
existent, the delayed manifestations of acetaminophen
toxicity can be devastating. At 8 to 12 hours after ingestion
(sooner in massive ingestions), a patient may begin to com-
plain of anorexia, nausea, vomiting, and diaphoresis. During
the first 24 hours, the patient may not manifest any CNS
depression, unless other drugs were taken concomitantly.
Because opioids and acetaminophen are frequently pack-
aged (e.g., Tylenolw with codeine, Percocetw, and Vicodinw)
together, any patient with suspected opioid overdose due to
one of these formulations should have an immediately
acetaminophen level sent.

A classic clinical scenario involves a patient presenting
to the ED comatose, with miotic pupils and shallow respir-
ations. The victim responds to naloxone and recovers.
Upon awakening, the patient admits having taken an over-
dose of pain pills. Discharged to the psychiatric ward, the
patient returns three days later with obtundation and jaun-
dice because the “pain pills” contained acetaminophen.

The absence of early toxic symptoms is why acetami-
nophen overdose can go undiagnosed during the early criti-
cal period when N-acetylcysteine therapy is most efficacious
(65). Whenever acetaminophen overdose is suspected, a
specific drug level should be sent, and therapy started.

During stage 1 of acetaminophen overdose (up to
12–18 hour after ingestion), blood concentrations of aceta-

minophen will be elevated but liver function tests are
usually still normal and specific therapy with N-acetylcys-
teine is most efficacious. In stage 2, 24 to 48 hours after
ingestion, plasma acetaminophen levels will fall, however
hepatic necrosis will have begun. Patients may complain of
right upper quadrant pain and become jaundiced. On the
second or third day following acetaminophen intoxication,
hepatic necrosis can continue and progress to hepatic
failure, or the patient will begin to recover.
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The acute treatment involves administration of activated
charcoal. Because N-acetylcysteine is both a benign drug and
also a specific antidote for acetaminophen toxicity, it should
be started early. Indeed, immediately following suspicion of
acetaminophen toxicity, N-acetylcysteine therapy should
begin orally or through an NG tube until specific blood
levels return. If the measured blood acetaminophen levels
are above a specific time-related threshold (Fig. 4), then
administration of N-acetylcysteine should continue at 4-
hour intervals. Enteral dosing of N-acetylcysteine begins
with a load of 140 mg/kg followed by 70 mg/kg every four
hours for a total of 17 doses. Shorter course therapy is now
being used in low-risk patients (66), whereas IV dosing is
also becoming more widely accepted (67).

Aspirin
Salicylic acid was first isolated in 1838 from bark of the
willow tree, Salix alba, however it took 60 years for aspirin
to be used clinically (68). Aspirin (salicylate) overdose
remains one of the most commonly reported poisonings.
The classic presenting symptoms of salicylate intoxication
includes rapid deep respirations, confusion, or coma. With
very high salicylate concentrations, seizures occur. The
skin can be diaphoretic, and the patient may be febrile and
dehydrated. Arterial blood gas analysis shows a combined
metabolic acidosis and respiratory alkalosis (which is far
greater than the respiratory compensation for the metabolic
acidosis to dictate). The acidemia of salicylate intoxication is
thought to be due to a combination of inhibition of hepatic
lactate metabolism and uncoupling of oxidative phosphoryl-
ation. Vomiting, sweating, and dehydration lead to electro-
lyte imbalances. Treatment begins with fluid replacement
with physiologic solutions such as lactated ringers with
appropriate electrolyte repletion. Potassium, chloride, and
magnesium supplementation is usually required due to the
loss of these electrolytes from vomiting. Alkalinization of
the urine may be beneficial in increasing elimination as

salicylic acid (a weak acid) stays in the ionized (nonreabsorb-
able) state in the presence of alkaline. Alkalinization of
urine becomes increasingly important as salicylate levels
rise and normal metabolic pathways become saturated.
Repeated dose of charcoal administration may further
enhance salicylate removal to a greater degree than urinary
alkalinization alone (69). Both hemodialysis and hemo-
perfusion are effective in removing salicylate from the
circulation, although hemodialysis has been used more
often (70). These invasive treatments are generally reserved
for cases where CNS toxicity or cardiovascular collapse are
imminent.

Antihistamines
Antihistamines are frequently taken as over the counter
preparations for sleep, colds, pruritis, nasal congestion,
and allergic rhinitis. Symptoms of antihistamine overdose
include anticholinergic effects (e.g., mydriasis, xerostomia,
tachycardia, and fever) and CNS effects including confusion,
hallucinations, delirium, and seizures. Treatment begins
with activated charcoal administration and supportive
care. The cautious administration of physostigmine can
reverse the altered mental status of these patients and may
confirm the diagnosis (71).

Digoxin
Symptoms of digoxin intoxication include drowsiness, head-
ache, weakness, tremor, nausea, vomiting, and visual dis-
turbances (e.g., yellow vision or halos). However, the most
important effects are cardiovascular, particularly cardiac
dysrhythmias. Bradycardia, various degrees of heart block,
and AV nodal dissociation are common. Additionally,
digoxin has been found to lower the threshold for bupivi-
caine toxicity in the cardiac and CNS in rats (72). Bupivicaine
epidurals are therefore relatively contraindicated in the
digoxin-intoxicated patient. Because many patients with
digoxin toxicity have chronic kidney disease (CKD) and
are also taking diuretics, hypokalemia and hypomagnesemia
are commonly associated problems in cases of chronic poi-
soning. Digoxin toxicity is exacerbated by both hypokalemia
(PVCs, atrial tachydysrhythmias) and hyperkalemia (heart
block and asystole). Thus, serum potassium should be
repleted to 4.5 mEq/L. Magnesium has rhythm-stabilizing
properties (partially involving its role as a cofactor for the
sodium/potassium ATPase pump), and 1 to 2 g IV should
be administered empirically to patients with digoxin toxicity,
except for those with renal failure or documented hyper-
magnesemia (73).

Therapy to specifically decrease the serum digoxin
levels begins with activated charcoal. However, most cases
of digoxin toxicity seen in the OR occur in patients who
have undergone chronic therapy with or without an acute
increase in digoxin level. Digoxin-specific Fab antibody
fragments [digoxin immune Fab (ovine)] are the definitive
treatment for hemodynamically significant cardiac dys-
rhythmias due to digoxin toxicity (74). Dosing of DigiFabw

or Digibindw is calculated based on the fact that each vial
of Fab fragments binds to approximately 0.5 mg of
digoxin. Monitoring of therapeutic response is accomplished
by following the clinical improvement. Measured serum
digoxin can be unreliable, as levels will rise following
antibody administration in some assays (as the assay fails
to differentiate between free digoxin and Fab-bound
digoxin), and fall in others that just detect free digoxin.

Figure 4 Semilogarithmic plot of plasma acetaminophen

levels versus time. The area above the line indicates probable

hepatic toxicity; area below the line, no hepatic toxicity.

Source: From Ref. 161.
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Lithium
Lithium is a commonly employed medication for the treat-
ment of bipolar disorders. Lithium is handled in the body
in a fashion similar to sodium, but also competes with
other positively charged ions. Lithium displaces other ions
from intracellular active sites in the following descending
order: sodium, potassium, magnesium, and calcium (75).
The effects of these ionic interactions in nervous and
cardiac tissues are responsible for the toxic complications
of greatest import to anesthesiologists (76).

Lithium-induced neurotoxicity begins with a fine
tremor, advancing to spastic dystonia. The CNS toxicity
ranges from mania to stupor and coma. Unfortunately,
severe intoxications can lead to permanent neurologic seque-
lae (77). Cardiac manifestations due to lithium include
hypotension, dysrhythmias, and circulatory collapse. Dys-
rhythmias include S-T depression, and T-wave inversion in
leads V4–V6, premature atrial contractions, and conduction
blockade (78).

Lithium is well known to have a narrow therapeutic
index, and numerous agents can increase serum levels and
the propensity for toxicity. Lithium can also cause goiter
and hypothyroidism (79), as well as nephrogenic diabetes
insipidus. Long-term use can lower serum calcium. Com-
bined lithium and TCA therapy may lead to cardiac toxicity
manifested as dysrhythmias (80).

Lithium is an agent capable of influencing many
aspects of blood cell production, especially granulocyte for-
mation. The trophic effect of lithium on granulocyte pro-
duction has led to its use to counteract the granulocyte
suppression effect of zidovudine, an agent used to suppress
viral growth in acquired immune deficiency syndrome (81).

Lithium elimination from the body occurs almost
exclusively by renal means. As a result, any intervention
that alters glomerular filtration or electrolyte exchange
(especially sodium) in the nephron may influence the elimin-
ation of lithium. Osmotic and loop diuretics can improve
lithium clearance and should be employed for treatment of
lithium toxicity (82). In contrast, thiazide diuretics decrease
the clearance of lithium and are associated with increased
toxicity. Hemodialysis remains the cornerstone for the treat-
ment of acute lithium toxicity in patients in renal failure or
life-threatening dysrhythmias, although its efficacy is unpro-
ven and has been questioned (83). Because lithium is only
slowly removed from the intracellular compartment,
rebound lithium toxicity may occur following dialysis. Con-
tinuous arterial–venous or veno-venous hemodialysis may
be superior in decreasing the potential for rebound toxicity.

Theophylline
Theophylline and other methylxanthine preparations have a
very low therapeutic index. Thus, toxicity (including neuro-
logic symptoms and cardiac dysrhythmias) in patients
treated with these drugs is common. Indeed, the first sign
of toxicity in adults may be seizures (84). Symptoms
typically begin with nausea and vomiting. Patients may
become restless and agitated, and eventually obtunded
and comatose. The occurrence of seizures with theophylline
toxicity has up to 50% mortality (85). Cardiac dysrhythmias
include atrial fibrillation, multifocal PVCs, and ventricular
tachycardia. Treatment begins with activated charcoal, and
multiple doses may be more efficacious. Seizures should be
treated with benzodiazepines, while the cardiac effects are
attenuated by decreasing the sympathetic tone, using
beta adrenergic blockade. For severe toxicity (especially in

patients with liver disease or congestive heart failure),
hemoperfusion is recommended.

A classic presentation involves a teenager with a
history of asthma. The patient denies drug overdose, but is
rather uncooperative. Frequently there is mild hypertension,
significant tachycardia, and increased respiratory rate. Tre-
mulousness and increasing restless are followed by vomiting
and convulsing. An elevated glucose and a markedly
decreased serum potassium may be present (whereas
normally metabolic acidosis promotes hyperkalemia).

Hypokalemia, metabolic acidosis, vomiting, tremu-
lousness, tachycardia, and mild hypertension in the setting
of an asthmatic patient are very characteristic of theophyl-
line overdose. Intractable seizures can occur following
acute ingestions when the theophylline level is 100 mg/L
or greater, but may occur at lower levels in chronic users.
With slow-release theophylline preparations, the toxicity
can be delayed. The PEG solution and whole bowel irriga-
tion may be beneficial in these cases.

Tachycardia and seizures along with a history of
asthma suggests theophylline toxicity. However, the clini-
cian should also consider TCAs, INH, and CNS stimulants
like amphetamines and cocaine whenever seizures are
encountered. If the patient lives in or near a farming commu-
nity, consider seizures related to organophosphates and
other pesticides.

Tricyclic Antidepressants
The TCAs constitute one of the more common drug classes
involved in overdose; antidepressants are ranked number
2 in deaths (following analgesics) reported to poison
control centers. The major toxic manifestations of import-
ance to anesthesiologists involve the neurologic and cardio-
vascular systems. The five Cs of TCA overdose toxicity
can be summarized as abnormalities of conduction,
anticholinergic, contractility, convulsions, and coma.

Conduction and anticholinergic abnormalities in tri-
cyclic overdose are common. The ECG frequently shows
tachycardia due to the anticholinergic effects, with a wide
QRS complex (conduction blockade) resulting from sodium
channel blockade. The QRS may continue to widen and
develop a bundle branch block that may look like a ventricu-
lar tachycardia. The QRS intervals greater than 0.16 seconds
are associated with higher mortality (86–89).

Cardiac contractility is often decreased in TCA poison-
ing due to decreased calcium influx and sodium channel
blockade, and can lead to hypotension. As most of the
classic TCAs also block peripheral alpha receptors on
blood vessels, alpha-receptor agonist vasopressors such as
phenylephrine or norepinephrine tend to be most efficacious
in supporting the BP for TCA intoxicated patients (90).

Other less used agents, such as amoxapine (a hetero-
cyclic antidepressant) have no ECG effects, yet can be very
neurotoxic and cause seizures and coma in the absence of
QRS widening. Amitriptyline, nortriptyline, and doxepin
all cause significant QRS widening in severe intoxication.
Treatment for TCA overdose begins with early airway
support for depressed mental status, seizures, or coma.
Benzodiazepines or barbiturates are used to control seizures.
Sodium bicarbonate is the most important therapy for
cardiac conduction abnormalities. The QRS interval pro-
longation greater than 0.12 seconds, ventricular dysrhyth-
mias, and heart blocks in patients with TCA poisoning
should be treated with the administration of sodium bicar-
bonate to raise serum pH to normal range. Sodium bicarbon-
ate may work both by raising extracellular sodium
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concentrations and by improved intravascular protein
binding of drug. A single dose of activated charcoal
should also be administered to all TCA-poisoned patients.
Type 1 antidysrhythmics (procainamide and quinidine) are
contraindicated in TCA-intoxicated patients, as these drugs
cause further conduction abnormalities through a similar
mechanism. Use of physostigmine for anticholinergic signs
and symptoms may worsen bradycardia and heart block.

Serotonin and Norepinephrine
Reuptake Inhibitors
Owing to their better safety profile over TCAs, selective
serotonin reuptake inhibitors (SSRIs) and serotonin nor-
epinephrine reuptake inhibitors (SNRIs) are, in current prac-
tice, more frequently prescribed antidepressants and thus
are increasing involved in overdose. These newer anti-
depressant medications including the SSRIs (e.g., fluoxetine,
paroxetine) and SNRIs (e.g., venlaxafine, duloxetine) have
little effect on the ECG (with the exception of citalopram
and venlaxafine), but may cause seizures. The SSRIs have a
high toxic-to-therapeutic ratio, and fatalities are uncommon
with SSRI overdose. The most serious adverse effect of SSRIs
and SNRIs is the potential to produce serotonin syndrome
(91,92).

Food Poisonings (Noninfectious)
Poisonous Plants
The plant kingdom is replete with chemical constituents that
are highly toxic to humans. Plants have been used both as
poisons and medicines since history has been recorded.
Some toxins, such as cyanide, disrupt the oxidative phos-
phorylation system; others inhibit protein synthesis (castor
beans, mushrooms, or have antimitotic effects; colchicine)
(93). However, the vast majority of the most potent plant
toxins are derived from alkaloids with anticholinergic,
neuromuscular blocking, neuron transmission blockade,
and cardiovascular effects.

Anticholinergic Alkaloids
Plants and drugs with anticholinergic properties are ubiqui-
tous in nature. The typical presentation of an anti-
cholinergic intoxicated patient includes dilated pupils, dry
flushed skin, tachycardia, mild fever, and CNS symptoms
(confusion, ataxia, seizures, and coma). A mnemonic
for anticholinergic toxicity includes:

Blind as a bat (ciliary muscle paralysis)
Dry as a bone (anhydrosis)
Red as a beet (peripheral vasodilatation)
Fast as a fiddle (tachycardia)
Hot as hades (hyperthermia)
Mad as a hatter (delirium, coma)

Additional antimuscarinic effects include urinary
retention, constipation, and decreased bowel sounds.
Drugs and plants causing anticholinergic syndromes are
listed in Table 5.

Treatment of anticholinergic intoxication is mainly
supportive, provided that there are no other concomitant
toxic drugs or compounds. For example, pancuronium has
anticholinergic effects at muscarinic receptors causing the
above syndrome, but also antagonizes nicotinic receptors
leading to neuromuscular blockade.

Curare and Other Plant-Derived
Neuromuscular-Blocking Drugs
Curare, an arrow poison used by certain South American
Indian tribes, is a powerful neuromuscular-blocking drug
(94). The first accounts of curare were written shortly after
the voyage of Columbus by Peter Martyer in his compen-
dium De Orbo Novo (95). Curare is obtained from tropical
species of Strychnos and Chondrodendron. Toxins produced
by other plants may lead to neuromuscular blockade when
ingested, including anatoxin A produced by blue-green
algae (Anabena flos-aquae) that bloom in farm ponds enriched
with fertilizer. Methylcaconitine, an alkaloid produced by
tall larkspur (Delphinium barbeyi), has been known to
poison livestock in western pastures through a neuromuscu-
lar blockade mechanism. Treatment for poisoning with these
compounds is supportive, with tracheal intubation and
mechanical ventilation for severe toxicity. Neostigmine and
physostigmine may improve symptoms as well.

Table 5 Drugs with Potential to Cause Antimuscarinic

(Anticholinergic) Syndromea

Antihistamines Antispasmodics

(H1-blockers) Anisotropine

Brompheniramine Clidinium

Carbinoxamine Dicyclomine

Chlorpheniramine Isometheptene

Clemastine Methantheline

Cyclizine Propantheline

Cyproheptadine Stramonium

Dimenhydrinate Tridihexethyl

Diphenhydramine Belladonna alkaloids and

Hydroxyzine related synthetic congeners

Meclizine Atropine (racemic

Pyrilamine hyoscyamine)

Promethazine Glycopyrrolate

Tripelennamine Hyoscine

Anti-parkinsonian drugs Ipatropium

Benztropine Methscopolamine

Biperiden Scopolamine

Ethopropazine Cyclic antidepressants

Procyclidine Amitriptyline

Trihexyphenidyl Amoxapine

Antipsychotics Desipiramine

Acetophenazine Doxepin

Chlorpromazine Imipramine

Chlorprothixene Maprotiline

Clozapine Nortriptyline

Fluphenazine Protriptyline

Haloperidol Trimipramine

Loxapine Zimelidine

Molindone Muscle relaxants

Olanzapine Cyclobenzaprine

Perphenazine Orphenadrine

Prochlorperazine Mydriatics

Quetiapine Cyclopentolate

Respiradone Homatropine

Thiothixene Tropicamide

Thioridazine Others

Trifluoperazine Carbamazepine

Ziparidone

aMany of these agents have other significant toxic manifestations in

addition to their anticholinergic effects.
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Ergot Poisoning/Lysergic Acid Diethylamide
Ergot poisoning can occur in humans and livestock follow-
ing the ingestion of rye contaminated by the ergot fungus
Claviceps purpurea. Poisoning due to this fungus was
known in the middle ages as “St. Anthony’s fire” due to
the charred and blackened appearance of the extremities of
the victims. The predominant symptom of acute ergot
poisoning is hypertension resulting from intense vasocon-
striction. Later, gangrene of the extremities occurs (96).
Anesthesiologists use ergot alkaloids, most frequently when
caring for obstetric patients during the treatment of postpar-
tum hemorrhage. Methylergonovine maleate (Metherginew)
is an ergot amine alkaloid that stimulates uterine and vascular
smooth muscle contraction. The usual dose of methylergono-
vine maleate is 0.2 mg intramuscularly (IM) Q two to four
hours (not to exceed five doses per 24 hour). Methylergono-
vine maleate can be administered IV, IM, or orally (PO).
However, side effects are more frequent and of greater magni-
tude when administered IV. The side effects include: dizzi-
ness, headache, tinnitus, diaphoresis, seizures, hemorrhagic
stroke, palpitations, chest pain, dyspnea, hypertension,
nausea and vomiting, diarrhea, thrombophlebitis, hematuria,
and extremity ischemia (which may lead to necrosis if high
enough doses are used). Because of the serious cardiovascular
effects possible with these agents (chiefly hypertension),
ergots should not be routinely administered to hypertensive
or pre-eclamptic patients.

Lysergic acid diethylamide (LSD) is structurally
similar to ergonovine, and occurs naturally in ergot fungus
and in the seeds of the morning glory plant (Rivea cormbosa).
However, most LSD consumed is synthesized by reacting
lysergic acid with diethylamine. The toxic effects of LSD
include hallucinations and centrally mediated autonomic
hyperreactivity (hypertension, tachycardia, mild fever,
mydriasis, and piloerection). The hallucinogenic effects of
LSD are mediated by the 5-hydroxy tryptamine (5-HT)
receptor (97). The LSD toxicity is rarely lethal, and patients
most frequently will be seen by the anesthesiologist follow-
ing a traumatic event. Treatment of LSD toxicity is mainly
supportive, and severe agitation and hallucinations can be
controlled with butyrophenones or benzodiazepines (98).
The reader is referred to Volume 1, Chapter 30 for additional
considerations on LSD.

Poison Hemlock (Conium maculatum)
Poison hemlock is a potentially lethal biennial herb of the
parsley family containing many alkaloids (including
coniine) causing anticholinergic and neuromuscular block-
ing toxicity. Hemlock is a poison that was well known to
the ancient Greeks. Socrates was ordered to drink a “cup
of hemlock” calculated to be the correct amount. Hemlock
poisoning may occur following the ingestion of wildfowl
that have eaten hemlock buds (99).

Hemlock toxicity includes trembling and weakness of
the extremities (nondepolarizing neuromuscular blockade),
dilated pupils, vomiting, and other biphasic nicotinic
effects. Tachycardia followed by bradycardia can be seen,
and atrial fibrillation and death have been reported (100).
When death results following hemlock poisoning, it
usually occurs secondary to respiratory failure (largely
mediated by neuromuscular blockade). Neuromuscular
effects may be accompanied by rhabdomyolysis, myoglobi-
nuria, and ATN (due to myoglobin and actin toxicity at the
renal tubular cells). Plasma exchange transfusions have
been found to be successful in improving the signs of rhab-
domyolysis and renal failure following hemlock poisoning.

Strychnine
Strychnine is an alcohol derived from the seeds of the Asian
tree Strychnos nux-vomica. Strychnine selectively blocks
inhibitory neurons in the CNS, resulting in hyperexcitability.
It also blocks glycine (an inhibitory neurotransmitter) at the
postsynaptic receptors of motor neurons in the spinal cord
causing muscle spasms. Strychnine is frequently mixed
with cocaine or heroin by drug dealers in order to increase
the weight of their product. Strychnine is a colorless, and
usually odorless powder that has a slightly bitter taste.
Strychnine toxicity occurs within 10 to 30 minutes following
ingestion, and results in seizure-like muscle spasms (fre-
quently triggered by minor stimulation such as loud voices
or touching). Other manifestations include opisthotonos
and risus sardonicus (the painful “smile” of tetanus) (101).
Mental status is usually normal. Additionally, metabolic
acidosis, hypoxia, hyperthermia, rhabdomyolysis, myoglo-
binuria, and renal failure occur. Treatment is mainly suppor-
tive including airway ventilation and seizure-like activity
control. Benzodiazepines and barbiturates are used to
control spasms and may be given by infusion.

Mescaline
Mescaline is the active phenethylamine alkaloid derived
from the peyote cactus. Mescaline use was involved in the
rituals of the native people of Mexico and South America
(102). When the Spanish colonists arrived, they soon began
to use the peyote cactus as well. Mescaline was first syn-
thesized in 1918, but natives still ingest the dried peyote
buttons that contain about 6% mescaline (45 mg). Peyote
buttons are round tubercles, with yellow–white tufts at the
apex, that grow on the spineless cactus. The buttons are
sliced off and dried producing hard brown discs. A mesca-
line dose of 5 mg/kg (5–10 buttons) produces hallucinations
in most people. Approximately 30 minutes following inges-
tion of peyote buttons, nausea and vomiting occurs. Shortly
thereafter, diaphoresis, mydriasis, mild tachycardia, hyper-
tension, nystagmus, ataxia, and muscle fasciculations can
be seen. Sensory changes predominate, including visual hal-
lucinations. There is cross-tolerance between most hallucino-
gens, including mescaline, LSD, and psilocybin, which all act
at the 5-HT receptor. Mortality is rare, but associated trauma
due to hallucinatory effects and agitation is not uncommon.
Respiratory depression can accompany massive mescaline
overdose. Treatment is generally supportive, and severe
agitation and hallucinations may be controlled with butyro-
phenones and benzodiazepines.

Mushrooms
Mushrooms may be one of the most ancient forms of inebria-
tion. There is evidence that a sophisticated mushroom cult
existed in Guatemala as long as 3500 years ago, and the
Spanish Conquistadors described mushroom use in Aztec
rituals. Over 20 different mushroom varieties were probably
used, including psilocybin. Several varieties of mushrooms
are toxic. Precise identification of poisonous and edible
mushrooms is difficult even with detailed knowledge and
experienced examiners. Typical initial toxic symptoms
from mushroom poisoning include nausea, vomiting, and
diarrhea. When these symptoms arise more than six hours
following ingestion, the mushrooms are predictably highly
toxic. Toxic mushrooms are divided into groups.

Cyclopeptide Group of Mushrooms. Poisoning with this
group occurs from the cyclopeptide alpha-amanitin
toxin and phalloidin toxin. Mushrooms in this group

Chapter 31: Poisoning and Toxic Exposure 605



include: Amanita phalloides (appropriately called “death
cap”) (103), A. ocreata (death angle—equally lethal), and
others (A. verna and A. vivosa). Ingestion of a single
Amanita species mushroom is often lethal. Symptoms of
poisoning may not present until several hours after the
toxins have distributed to target tissues. Indeed, severe
vomiting or diarrhea may not occur until 6 to 12 hours follow-
ing ingestion (due to the phalloidin toxin). Signs of hepatic
toxicity and acute fulminant hepatic failure begin over the
next 24 to 36 hours due to the alpha-amanitin toxin that
binds to hepatic RNA polymerase II, inhibiting protein
synthesis (104). Initial treatment includes activated charcoal,
providing diagnosis is made in less than six hours following
ingestion. After six hours, GI decontamination has little
merit. No antidotes exist for this poisoning (105).

Ibotenic Group of Mushrooms. The ibotenic group of
mushrooms contains the poison ibotenic acid (an excitatory
amino acid). This group includes mushrooms A. muscaria
(106) (fly agaric—nicknamed for its toxicity to flies) and
A. pantharina. These fungi typically produce an inebriated
appearance associated with anxiety, hallucinations, seizures,
and coma. Victims will also manifest anticholinergic symp-
toms (mydriasis, dry flushed skin, and xerostomia). Treat-
ment is supportive.

Coprine Group of Mushrooms. Coprine mushrooms
contain a disulfiram-like chemical. The clinical effects may
begin within 15 minutes of injection and are exacerbated
by alcohol. Rehydration is important in the support of
these intoxications.

Muscarine Group of Mushrooms. One of the reasons wild
mushroom gathering is so dangerous is that many mush-
rooms look similar, and some of the nomenclature is confus-
ing. Muscarine containing mushrooms include the species
A. muscaria, A. incocybe, and A. clitocybe. Ingestion of these
fungi is rare, and although muscarinic symptoms can be
observed, antimuscarinic symptoms can also occur due to
other chemicals they contain.

Psilocybin Group of Mushrooms. Psilocybin mushrooms
(Psilocybe spp.) were very popular in the 1960s and early
1970s due to their hallucinogenic properties, and are still
commonly used in certain areas. Psilocybin mushrooms
can cause nausea, vomiting, and neurologic symptoms
including hallucinations and seizures. The hallucinogenic
effects of psilocybin are due to 5-HT receptor binding
(similar to LSD and mescaline). Benzodiazepines should be
used to control seizures, when present, and butyrophenones
can be used for toxic psychotic reactions.

Monomethyl Hydrazine Group of Mushrooms. Patients
consuming mushrooms of the monomethyl hydrazine
group may develop hepatic failure, seizures, and occasion-
ally methemoglobin. Treatment is with pyridoxine due to
the isoniazid-like effect of the hydrazine derivatives, but
other anticonvulsants may also be effective.

Animal-Derived Toxic Ingestions
Pelagic Poisoning
Pelagic poisoning is a term coined by Mills and Passmore
(107) to describe the toxicities due to fugu poisoning
(puffer fish), ciguatera, and paralytic shellfish poisoning
(PSP) because of the occasional inability to distinguish

these entities based on clinical findings. Tetrodotoxin, cigua-
toxin (ciguatera), and saxitoxin (PSP) are produced by
various dinoflagellates that are eaten by shellfish and
smaller fish. Larger predators then consume the contami-
nated smaller species, concentrating the toxin in the preda-
tor. All three of these toxins affect the sodium channel of
nervous tissue (Volume 1, Chapter 32, Fig. 1).

Toxins are transferred from the dinoflagellates to
herbivorous species (fish, invertebrates, etc.), and then to
carnivorous fish through the marine food chain (108). Such
toxins are distinct from inorganic chemicals or infectious
agents that may contaminate seafood. Clinical manifes-
tations begin with a GI prodrome and headache, followed
by sensory-motor deficits. Bulbar and cognitive changes
are associated with the more lethal tetrodotoxin and saxi-
toxin. Tetrodotoxin and saxitoxin block sodium channels,
whereas ciguatoxin opens them. Domoic acid, another
toxin spread through dinoflagellates, stimulates excitatory
amino acids at the NMDA receptors (109). This activity can
also result in neurologic toxicity.

Fugu Poisoning. Fugu, also known as blowfish or puffer-
fish, has been considered a delicacy in Japan for over 2000
years (Fig. 5). However, it must be properly prepared, as
the intestines, liver, and ovaries contain tetrodotoxin. Tetro-
dotoxin, an ancient maritime alkaloid, is present in several
marine species. Tetrodotoxin binds to voltage-gated
sodium channels and causes neurotoxicity progressing
from weakness to paralysis and death by asphyxiation
when consumed in large enough quantities. In 1996, three
cases of tetrodotoxin poisoning occurred among chefs in
California who shared contaminated fugu (puffer fish)
brought from Japan by a coworker as a prepackaged,
ready-to-eat product. Although the quantity eaten by each
person was minimal, symptoms occurred within 15
minutes. Only one person could still speak when paramedics
arrived (110). Although there is no antidote for tetrodotoxin,
therapy includes intubation, mechanical ventilation, and
supportive care. Activated charcoal can be administered to
help bind residual tetrodotoxin in gastric contents.

Tetrodotoxin is one of the most potent nonprotein
toxins known to man (111). This compound blocks the
conduction of action potentials in nerves without altering

Figure 5 Puffer fish and tetrodotoxin. The tetrodotoxin molecule

is shown in the upper left corner. The puffer fish is one of several

species of marine animal which stores the toxin in some form.

Source: From Ref. 162.
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resting membrane potential. Tetrodotoxin displaces thiamin
phosphate and occupies its sight of action inside the nerve
membrane, blocking the conduction of action potentials,
and thus preventing the increased sodium conduction
necessary for depolarization. Cranial nerves are affected
first, while at higher doses motor nerves are blocked,
leading to skeletal muscle weakness, and ultimately paraly-
sis and respiratory failure. Tetrodotoxin has local anesthetic
potency about 100,000 times more powerful than cocaine.

Ciguatera. The term ciguatera has been employed to
describe the syndrome of the illness contracted by persons
who have eaten tropical and semitropical finfish contami-
nated with ciguatoxin. Ciguatera fish poisoning results
from the bioconcentration of a variety of toxins produced
by marine dinoflagellates. Signs and symptoms vary
widely, but it usually presents as GI and neurological com-
plaints (including paresthesias, paradoxical warm/cold
discrimination, weakness, and coma) and bradycardia
beginning shortly after the ingestion of fish containing the
toxins. Although the degree of neurological toxicity does
not correlate with the amount of toxic fish consumed, the
degree of bradycardia may. Mild symptoms can persist for
months or even years, and permanent injury may occur. Poi-
soning usually involves ingestion of large carnivorous fish.
One epidemic of 25 cases of ciguatera fish poisoning
occurred in Southern California due to fish caught off the
coast of Baja California, Mexico (112). However, even dom-
estic fish-farm-bred species may contain the toxin (113).
Additionally, shark may harbor ciguatoxin. One report
cited more than 500 people poisoned by the flesh of a
shark (Carcharhinus amboinensis) off the east coast of Mada-
gascar (114). Ciguatera was thought to be responsible.

Although the mechanism of ciguatera poisoning is
unclear, conflicting reports regarding symptom relief with
administration of mannitol exist (115,116). Other studies
suggest that lidocaine can reverse the electrophysiologic
disturbances in rats caused by ciguatoxin (117).

Paralytic Shellfish Poisoning. Paralytic shellfish poison-
ing is caused by saxitoxin (118), produced by various dino-
flagellates that are filtered out of the water by shellfish. A
variety of clams and mussels ingest the dinoflagellates and
bioconcentrate the toxin. During certain summer months
in California, mussels that live in tidal pools become toxic
following a “bloom” of the culprit dinoflagellates (“red
tide”). Some weeks later, the mussels are edible again.

The anesthetic implications for all of these pelagic poi-
sonings are the same: support the airway and cardiovascular
system. Most patients with severe poisoning will require
intubation. Activated charcoal can be administered if early
in the poisoning. There is currently no specific antidote.

Insecticides
Anticholinesterase Drugs
Acetylcholinesterase (AChE) is the enzyme that cleaves
the ester bond of ACh producing acetate and choline. All
synaptic sites utilizing ACh as the neurotransmitter (includ-
ing all NMJs) are richly endowed with the efficient enzyme
AChE. Typically, AChE hydrolyzes ACh in less than half a
millisecond. It is critical that ACh be hydrolyzed almost
immediately following release so that rapid repolarization
of the postsynaptic membrane occurs.

When AChE is inhibited, ACh has a prolonged effect at
all cholinergic sites producing a massive cholinergic clinical

effect. Drugs inhibiting AChE are quite toxic, explaining
why these drugs were developed as agricultural insecticides
and chemical warfare agents (Volume 1, Chapter 38). Drugs
that inhibit AChE are called anticholinesterases (anti-ChE).

The common anticholinesterase drugs used to antagon-
ize neuromuscular blockade following anesthesia include
neostigmine and edrophonium. Pyridostigmine, a longer
acting and orally administered drug, is used to combat mus-
cular weakness due to myasthenia gravis.

The first well-known medicinal anti-ChE was physo-
stigmine, an alkaloid derived from the Calabar bean, a
native perennial plant of tropical West Africa. The Calabar
bean, also called Esere nut (hence the alternate name for
physostigmine and eserine), was used by native tribes as
an “ordeal poison” in trials of witchcraft (119). Physostig-
mine, also known as “antilerium,” crosses the blood–brain
barrier, and can reverse some of the toxic effects of atropine,
and can reverse some of the “emergence confusion”
symptoms associated with benzodiazepines and some
anesthetics (120).

Organophosphates (Irreversible Anticholinesterase)
Organophosphate poisoning, leading to cholinergic

crisis, can occur secondary to ingestion or absorption
of common insecticides including: parathion, malathion,
and diazinon. Nerve agents, used in chemical warfare,
are organophosphate compounds similar to pesticides but
with much higher toxicity. These toxins are absorbed
readily through the skin and respiratory and GI tracts.
Acute symptoms in these poisonings are related to the
accumulation of free ACh at all cholinergic nerve endings
due to the irreversible inhibition of anti-ChE (Table 6).
The resultant clinical findings reflect hyperstimulation of
both the nicotinic and muscarinic cholinergic systems. Stimu-
lation at muscarinic nerve endings causes salivation, lacrima-
tion, urinary and fecal incontinence, diaphoresis (“SLUD”),
and miosis. Nicotinic effects include muscular weakness,
paralysis, muscle fasciculations, tachycardia, and hyperten-
sion (due to sympathetic ganglia stimulation), followed
by hypotension. The CNS effects of organophosphates
include a combination of muscarinic and nicotinic effects
including restlessness, seizures, respiratory depression, and
coma (121).

Treatment of organophosphate toxicity is chiefly sup-
portive care. Nasogastric lavage and suction can be per-
formed in recent large ingestions. Muscarinic (cholinergic)
symptoms can be treated with atropine. Pralidoxime is a
specific antidote that can be used to regenerate AChE.
When AChE is phosphorylated (“aging,” as occurs with
organophosphate toxicity), the enzyme loses its efficacy,
and only very slowly regenerates. It was discovered that
oximes (especially pralidoxime) help regenerate the
enzyme. Indications for pralidoxime treatment include
muscular weakness, fasciculations, and respiratory failure.

Carbamates (Reversible Anticholinesterase)
Carbamates (aldicarb, carbaryl, isocarb, and propoxur) are
commonly found in insecticides. Symptoms of carbamate
poisoning include cholinergic effects (constricted pupils,
copious salvation and bronchial secretions, vomiting, diar-
rhea, and sweating). Treatment includes removing unab-
sorbed carbamate from the stomach using gastric emptying
techniques and lavage. The cholinergic symptoms can be
treated with atropine.

The mechanism behind carbamate toxicity is similar
to organophosphate poisoning. The major difference is that
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carbamates bind less tightly to cholinesterase and do not
undergo “aging,” so they have a shorter duration of action
and are slightly less toxic (122). Carbamates are considered
reversible cholinesterase inhibitors. Additionally, carba-
mates are more selective for insects.

Chlorinated Hydrocarbon Insecticides
Chlorinated hydrocarbon insecticides are used in industry
and at home and include DDT, lindane, chlordane, aldrin,
mirex, and paradichlorobenzene. The toxicity of these com-
pounds varies considerably. However, all can be absorbed
through the skin, respiratory, and GI tracts. Symptoms
include nausea, vomiting, salivation, and abdominal pain.
The CNS effects include restlessness, irritability, convul-
sions, and muscle spasms. Treatment is supportive with
use of benzodiazepines for seizures.

Paraquat
Paraquat is an herbicide with extremely high toxicity.
After ingestion, patients experience burning pain in the
mouth and throat, nausea and vomiting, and bloody diar-
rhea. Later, the patient develops liver failure, renal failure,
and severe irreversible pulmonary fibrosis. Treatment
includes gastric emptying and lavage, followed by oral
administration of “fuller’s earth” or activated charcoal.
Fluids and electrolytes should be monitored closely and
patients will invariably require ventilatory support. Sup-
plemental oxygen should be kept to a minimum as hyper-
oxia exacerbates pulmonary toxicity (through oxygen-
derived free radical mechanisms). Early hemodialysis or
hemoperfusion is recommended with severe paraquat poi-
soning but has never been demonstrated to improve
outcome (123).

Organic Solvents and Hydrocarbons
Alcohols (Ethanol, Ethylene Glycol,
Isopropanol, and Methanol)
Ethyl Alcohol (Ethanol) Intoxication
Ethyl alcohol is the ingredient found in distilled spirits, beer,
and wine. Alcohol intoxication is one of the most common
sources of drug overdose. Alcohol is frequently encountered
in trauma victims, and is thus a drug familiar to most anesthe-
siologists. Any patient who presents to the OR following
trauma should have an orogastric or NG tube placed and
the stomach emptied. If the patient was profoundly intoxi-
cated prior to induction, a significant amount of absorption
has already occurred. However, there may still be more
alcohol in the stomach and gastric lavage may be warranted.
Acute care of ethanol intoxication is mainly supportive, with
control of acid–base and electrolyte disturbances. The reader
is referred to Volume 1, Chapter 30 for a complete discussion
of both acute and chronic ethanol intoxication.

Ethylene Glycol
Ethylene glycol is the active ingredient in most antifreeze.
Alcoholics have been known to drink large quantities
owing to its sweet taste; children drink it because of its intri-
guing color. The lethal dose in a 70 kg adult is around
110 mL of 100% ethylene glycol, however, survivors of
larger quantities have been documented (124). Ethylene
glycol itself causes little toxicity other than an ethanol-like
intoxication. However, the metabolic products are highly
toxic. Ethylene glycol is metabolized through alcohol dehy-
drogenase to glycoaldehyde, and then by aldehyde dehydro-
genase to glycolic acid, and finally by lactate dehydrogenase
or glycolic acid dehydrogenase to glyoxylate. While
glycoaldehyde and glycolic acid are the most toxic of these
metabolites, most of the damage is done by glyoxylate since

Table 6 Clinical Effects of Cholinesterase Inhibition by Receptor Type

Receptor Effect

Muscarinic

Pupils Miosis (constriction)

Ciliary body Blurred vision

Exocrine glands Increased secretions

Lacrimal Tearing

Salivary Salivation

Respiratory Bronchorrhea, rhinorrhea

Heart Bradycardia

Smooth muscle Contraction

Bronchial Bronchoconstriction

GI Nausea, vomiting, abdominal cramps, diarrhea

Bladder muscle Increased tone (frequency, urgency)

Urinary sphincter Relaxation (incontinence)

Sphincter of Oddi Contraction (pancreatitis)

CNS Variable, symptoms ranging from agitation and convulsions

to comaa

Nicotinic

Skeletal muscle Weakness, cramps, fasciculation, paralysis

Sympathetic ganglia Tachycardia, hypertension followed by hypotension

CNS Variable symptoms from anxiety and restlessness to confusion,

obtundation, coma, and seizuresa

aRelative contribution of nicotinic and muscarinic receptors to central nervous system effects unclear.

Abbreviation: CNS, central nervous system.
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it is the only metabolite that accumulates in sufficient concen-
trations (125). The anion gap metabolic acidosis seen in ethyl-
ene glycol intoxication is chiefly due to glycolic acid, and the
increased NADH/NADþ ratio. Pathologic findings include
cerebral edema and focal nerve loss, as well as direct injury
to kidneys, lungs, liver, heart, muscles, and retina (126).

Treatment should commence immediately when ethyl-
ene glycol is suspected, and includes airway and circulatory
support followed by the administration of ethyl alcohol
(ethanol) to block the metabolism of ethylene glycol to the
toxic glycolic acid. Hemodialysis should be used in severe
toxicity in order to remove ethylene glycol and the toxic
products (127). A recently released antidote for ethylene
glycol and methanol intoxication called fomepizole
(4-methylpyrazole) is now available as an alternative to
block alcohol dehydrogenase (128–130). The prolonged
half-life of fomepizole eliminates the need for continuous
infusions, an additional benefit.

Isopropyl Alcohol (Isopropanol)
Isopropyl alcohol is used as a solvent and as a disinfectant in
rubbing alcohols and after shaves. Isopropyl alcohol is two
to three times more potent than ethanol as a CNS depressant.
Isopropyl alcohol is metabolized chiefly to acetone, which is
excreted in the urine. Symptoms include nausea, vomiting,
dizziness, confusion, and occasionally seizures. Very large
doses may lead to myocardial depression and hypotension.
Supportive care, hydration, and monitoring for ethanol
withdrawal are important aspects of management.

Methyl Alcohol (Methanol)
Several solvents, antifreeze, and windshield washing sol-
utions contain methyl alcohol. Methanol is absorbed easily
from the GI tract. Small amounts may be absorbed through
the lungs and skin. Methanol itself is not very toxic,
however, it is metabolized in the liver by alcohol dehydro-
genase to formic acid and formaldehyde. Symptoms of
methanol toxicity include nausea, vomiting, abdominal
pain, CNS depression, dilated pupils, and optic nerve
inflammation (which may lead to blindness). Metabolic
acidosis may be severe due to the formic acid and formal-
dehyde produced.

Treatment should begin as soon as possible with
gastric emptying, when indicated, and the administration
of ethanol or fomepizole (4-methylpyrazole), an inhibitor
of alcohol dehydrogenase (129). Just as for ethylene glycol
intoxication, fomepizole is used to block the metabolism of
methanol to its toxic metabolites. Indeed, a recent multi-
center, prospective trial demonstrated that 9 of 11 patients
survived. Seven patients initially had visual abnormalities,
but at the end of the trial no surviving patient had any
detectable visual deficits related to methanol poisoning
(124). Fomepizole had few adverse effects. The two patients
who died had anoxic brain injury that was present at the
time of enrollment.

Additionally, sodium bicarbonate should be adminis-
tered to correct any existing metabolic acidosis, and hyper-
ventilation instituted to eliminate CO2. Hemodialysis may
be required in order to remove methanol and the toxic
metabolites.

Nonalcohol-Distilled Hydrocarbons
Petroleum-Based Distilled Hydrocarbons
Poisoning with petroleum-distilled hydrocarbons (gasoline,
kerosene, naphthalene, mineral oils, and charcoal lighter

fluid) occurs most frequently in children. These products
are relatively nontoxic while they are in the GI tract,
however, they cause extreme pulmonary toxicity if aspi-
rated. Aspiration pneumonia must be avoided to the greatest
extent possible. Treatment is mainly observational.
Activated charcoal or lavage is generally not indicated. If
the patient is already comatose or extremely uncooperative,
the trachea should be intubated by rapid sequence
technique. Oxygenation status should be monitored by con-
tinuous pulse oximetry due to the frequent occurrence of
pneumonitis.

Nonpetroleum-Based Distilled Hydrocarbons
Nonpetroleum-distilled hydrocarbons (including xylene,
toluene, turpentine, and benzene) can have significant sys-
temic manifestations when ingested or inhaled. Nausea,
abdominal discomfort, CNS depression, dysrhythmias, and
liver and kidney failure are all possible in large exposures
to these chemicals (130). Toxic manifestations of systemic
illness are generally treated with supportive care.

Heavy Metals (Antimony, Arsenic, Iron, Lead, and Mercury)
Antimony
Antimony is a metalloid that has been used medicinally in
folk medicine recipes as tartar emetic (antimony potassium
tartrate). The chemical symbol for antimony is Sb derived
from stibium, the Latin name for stibnite, the name used
for antimony prior to the Middle Ages.

Most modern cases of antimony poisoning occur in
industrial settings. Antimony is frequently employed as an
alloy with lead, providing increased strength and rigidity.
This application is widely used in the battery industry,
hence inhaling the fumes of overheated batteries can be
harmful. Tossing used automobile batteries into hot camp
fires can yield a toxic smoke containing lead and antimony
vapor that may be lethal. Additionally, antimony is still
occasionally used in medicinal compounds (i.e., sodium
stibogluconate) for treating parasitic infections (131).

Symptoms of antimony overdose include both acute
and chronic cardiac dysfunction. Acutely, antimony poison-
ing causes mainly cardiopulmonary dysfunction. The ECG
will demonstrate T-wave changes, QT prolongation, and
occasionally sudden death. When antimony exposure
occurs through inhalation, upper respiratory symptoms will
occur. Chronic exposure to antimony may cause a cardio-
myopathy (132).

Treatment is supportive since no effective chelation
exists for this metal. The victim should be removed from
the toxic exposure, and other insults that might lead to ven-
tricular fibrillation (i.e., high catecholamine states) avoided.
Magnesium administration (1–2 g IV) may be helpful as in
other QT prolongation syndromes.

Arsenic
Organic arsenic (typically found in the environment) is the
least toxic form. However, nonorganic sources of arsenic
can be highly toxic. Examples of toxic species include
arsenic trioxide found in some pesticides, defoliants, and
wood preservatives. Ore processing and smelting pro-
cedures can cause a side product of toxic arsenic gas.
Arsenic gas exposure rapidly produces severe hemolysis,
anemia, and consequent renal failure. Initially, GI symptoms
of nausea, vomiting, and diarrhea occur. Cardiovascular
effects include shock, cyanosis, myocardial irritability, and
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cardiomyopathy. The CNS effects include seizures and delir-
ium. Treatment includes removal of the patient from the
arsenic gas exposure and supportive care. Blood exchange
transfusions and hemodialysis for renal failure may even-
tually be necessary. In the rare case of acute arsenic intoxi-
cation from a large ingestion, gastric emptying can be
followed by whole bowel irrigation. Fluid replacement is
important and chelation therapy with BAL followed by
dimercapto-succinic acid (DMSA) is useful (133).

Iron
The candy-like coatings on FeSO4 tablets have made them
a frequent poison of children (134). Toxicity can be seen
following 2 g exposures, but is usually not severe until
greater than 10 g (45 mg/kg elemental iron) is ingested.

Iron toxicity begins with vomiting that may be bloody
(due to mucosal erosion). This is followed by metabolic
acidosis, coagulopathy, liver dysfunction, and shock. Meta-
bolic acidosis typically commences following the depletion of
the patient’s iron binding capacity, and is multifactorial in
origin, including contributions by hypovolemia, circulatory
shock, and chemical hydration of the ferric ion by water
[releasing three hydrogen ions (Fe3þ

þ 3H2O!Fe(OH)3þ 3
Hþ)]. Hepatic failure results from iron-catalyzed free radical
formation and lipid peroxidation of mitochondrial mem-
branes. Following acute toxicity, renal failure and cirrhosis
may be seen.

Treatment of acute toxicity should begin with rehy-
dration. If measured blood levels of iron are significantly
elevated (.500 mg/dL), desferroxamine should be admi-
nistered as chelation therapy. An abdominal radiograph
should be obtained to determine if any iron pills are
remaining in the GI tract (135). Whole bowel irrigation
with Go Lytely (or other PEG solution) helps speed
transit of iron through the GI tract, and should be instituted
if abdominal radiographs show pills in the stomach or
intestines.

Lead
Lead poisoning occurs less frequently today because of strict
rules governing gasoline, paint, and other industrial uses.
Lead poisoning is rarely a significant acute source of intoxi-
cation. For chronic treatment, chelating therapy with ethyl-
ene diamine tetraacetic acid (EDTA), BAL, or DMSA will
enhance elimination of lead from the body.

Mercury
Excessive mercury exposure is a rarely seen problem that
can occur following ingestion of elemental mercury by chil-
dren after a thermometer is broken in the mouth. Because GI
absorption of mercury is poor, this method of exposure is
usually considered nontoxic and no specific therapy is
required. However, inhaled organic and inorganic mercury
is very toxic. Acute inhalations or ingestions of mercury
salts can lead to pulmonary edema, renal failure, and
hepatic failure. Chronic inhalation can cause encephalopa-
thy characterized by tremor and irritability. Acute treatment
of mercury intoxication includes whole bowel irrigation,
hydration, and chelating agents such as BAL and DMSA
or D-penicillamine. Reports suggest that despite chelation
treatment (as outlined above), relatively high concentrations
of mercury remain in the plasma (possibly due to prolonged
release of mercury from red blood cells and tissues after
oxidation) (136).

Phosphorous
Phosphorous toxicity is manifested in several organ systems
including the cardiovascular, GI, hepatic, renal, and neuro-
logical systems. Symptoms of burning GI and abdominal
pain are followed by cardiovascular collapse. The odor of
garlic can be noted on the patient’s breath. The patient’s
stools and vomits will glow under woods lamp. There is no
specific antidote for phosphorus poisoning.

Thallium
Thallium is a rodenticide frequently used in Europe. Like
most of the other toxic heavy metals, thallium interferes
with metabolism and activity of sulfhydryl groups,
especially in the mitochondrial oxidative phosphorylation
chain. Thallium also substitutes for potassium in the body,
thereby depolarizing membranes when present in high con-
centrations. Thallium toxicity typically occurs 12 to 24 hours
following ingestion with GI manifestations including
nausea, abdominal pain, diarrhea, and gastroenteritis. An
asymptomatic period may then occur for several hours or
days, followed by progressive neurological symptoms
including coma and convulsions (137). Thallium toxicity,
like phosphate and arsenic poisoning, may be associated
with a garlic breath odor. Treatment is mainly supportive,
and there is no specific antidote or chelator. However, thal-
lium in the GI tract may be converted to insoluble forms
by using the drug Prussian blue (potassium ferocyanide).

Herbal Remedies with Perioperative Implications
With the continuing widespread use of herbal drugs, there is
an increasing awareness that many of these remedies can
impact perioperative outcome. Indeed, Ang-Lee, Moss, and
Yuan published a recent review in Journal of American
Medical Association demonstrating that eight of the most
commonly used herbal remedies possess pharmacological
properties with significant perioperative implications (138).

Echinacea, ephedra, garlic, ginkgo, ginseng, kava,
St. John’s wort, and valerian comprise the eight herbal

medications considered to pose the greatest concern
during the perioperative period. Families of critically ill
patients frequently inquire about home remedies, and ask
permission to supplement standard therapy with herbal
medications. Because of the wide range of potentially
harmful constituents included in herbal remedies, they
should not be allowed during the perioperative period.
Below, we provide a brief review of the surgical and anes-
thetic considerations for the eight most commonly used
herbal remedies with significant perioperative implications.

Echinacea
Echinacea, a member of the daisy family, provides immune-
enhancement qualities, and has been used for prophylaxis
and treatment of viral, bacterial, and occasionally fungal
infections. Echinacea is most frequently used for upper
respiratory tract infections (139,140). The main immune
enhancement fostered by echinacea is increased production
of antigen-specific IgG and IgM (140). It is, therefore,
recommended that patients on transplant lists abstain from
use of formulations containing echinacea. Paradoxically,
long-term use (.8 week) may be associated with immuno-
suppression, and delayed wound healing (141).
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Ephedra
Ephedra, also known by its Chinese medicinal name (ma
huang), is a shrub native to central Asia. Ephedra has long
been used to increase energy, bronchodilation, and weight
loss. Ephedra is now used in western civilization primarily
as an appetite suppressant. The most devastating acute com-
plications following high-dose ephedra use are sudden
catastrophic cardiovascular and cerebral events (142).
These complications result from severe hypertension and
tachycardia leading to myocardial ischemia, stroke, and
death (143).

Long-term use results in tachyphylaxis from depletion
of endogenous catecholamine stores, as well as systemic and
pulmonary hypertension. Patients receiving halothane
anesthesia, following ephedra self-administration, are at
increased risk of developing intraoperative ventricular
dysrhythmias (as is true for other elevated catecholamine
states), because halothane sensitizes the myocardium to
ventricular dysrhythmias.

Garlic
Garlic is one of the most extensively researched medicinal
plants. It has the potential to modify the risk of developing
atherosclerosis by reducing BP and thrombus formation
and lowering serum lipid and cholesterol levels (144). Garlic
inhibits platelet aggregation in a dose-dependent fashion.
Although this is normally clinically insignificant, there is one
case report of a spontaneous spinal epidural hematoma in an
octogenarian following garlic use (145). Accordingly, heavy
garlic supplement users should refrain from garlic use for
one week prior to regional anesthesia or surgery.

Ginkgo
Ginkgo is derived from the leaf of Ginkgo biloba. It has
many putative uses including treatment of cognitive dis-
orders (e.g., Alzheimer’s disease), peripheral vascular
disease, vertigo, tinnitus, erectile dysfunction, and altitude
sickness, among others. The inhibition of platelet-activating
factor raises the greatest concern for the perioperative period
(146). Several case reports have been published of intracereb-
ral hemorrhage and postoperative bleeding complications.

Ginseng
There are several types of ginseng, including an Asian and
American species. Ginseng has a broad pharmacological
profile because of the many, and sometimes opposing,
effects of the various active compounds known as ginseno-
sides (147). Of greatest concern, for perioperative manage-
ment for trauma and critical care, is that ginsenosides
inhibit platelet aggregation in vitro (148). The ginsenosides
Rg1, Re, and Rb2 have elimination half-lives between 0.8
and 7.4 hours in rabbits (149). However, because the platelet
inhibition effect may be irreversible, patients should be
advised to stop use seven days prior to surgery.

Kava
Kava is derived from the dried root of the pepper plant Piper
methysticum. Kava has gained widespread popularity as an
anxiolytic and sedative. Kava potentiates GABA-mediated
inhibition of neurotransmission, and mimics the effects of
benzodiazepines (150).

St. John’s Wort
St. John’s wort is the common name for Hypericum perfora-
tum. St. John’s wort has efficacy in the short-term treatment

of mild-to-moderate depression (151). It exerts its effects by
inhibiting serotonin, norepinephrine, and dopamine reuptake
by neurons (152). St. John’s wort can significantly increase
the metabolism of many drugs metabolized by various
cytochrome P450 isoforms, including cyclosporine and
warfarin. Patients scheduled for organ transplantation or
warfarin use should stop this drug at lease five days prior
to surgery.

Valerian
Valerian is an herb native to the temperate areas of the
America, Europe, and Asia. It is used as a sedative, modu-
lates GABA neurotransmission, and mimics benzodiazepine
action (153).

EYE TOTHE FUTURE

The clinical clues to drug and toxin exposure help in making
an early and accurate diagnosis. However, corroborative
information from urine drug screens or blood tests are also
very important. Progress continues to be made in technology
of urine and blood testing. Future EDs will be equipped with
not only urine and blood screenings, but also swabs similar to
those used by airport security to detect external exposures.

Blood-cleansing technologies are continuing to
evolve, some have been reviewed earlier in this chapter,
and several new technologies for hepatic replacement
and renal replacement devices are detailed in Volume 2,
Chapters 38 and 43, respectively. A recent study examin-
ing the effects of cardiopulmonary bypass (CPB) as a
treatment for severe cardiac impairment following poison-
ing shows potential for improved survival in patients who
have not sustained prior hypoxic cerebral damage from
hypotension (154). Extracorporeal techniques are a rapidly
advancing field of research and development.

Specific antidotes for various toxicities continue to
emerge. An excellent example is the development of fom-
epizole (4-methylpyrazole)—a specific inhibitor of alcohol
dehydrogenase, which is now available for treatment of
ethylene glycol and methanol intoxications (129).

Another developing technology is the application of
Fab fragments to specifically targeted molecules of interest
and take them out of circulation. Digoxin-specific Fab anti-
body fragments were the first clinically available, and are
currently indicated for cardiovascular significant digoxin
overdose. Recently, a new venom-specific Fab antibody has
been introduced for envenomations (Volume 1, Chapter 32).
Other new Fab antibody fragments are being developed to
selectively recover other toxins.

Self-administration of herbal medicines is common in
patients presenting for trauma and anesthesia (155). Because
of the potential for side effects and drug interactions, it is
important for anesthetists to be aware of pharmacologic
properties of the most commonly used herbal and diet
remedies such as ephedra-containing compounds (142).
Additionally, we should expect to see increasing regulation
of these compounds in the future (156).

The use of nerve agent weapons of mass destruction
has become an actual terrorist threat in the past decade.
Numerous methods to design biological gene networks
(through engineering of organisms to become detectors)
that rapidly respond to harmful substance detection and
produce programmed responses are underway in military
medicine studies. Other rapid diagnostic tests are also
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Table 7 Toxic Substances and Specific Antidotes

Toxin Antidote Dose and/or notes

Acetaminophen NAC 140 mg/kg orally followed by 70 mg/kg orally

for 17 doses; although shorter courses of

NAC may be used in low risk patients,

typically full therapy is provided

Anaphylaxis Epinephrine, antihistamine, fluid,

and steroids

Arsenic, mercury, lead BAL (dimercaprol), D-penicillamine Oral DMSA may be an alternative in stable cases

Anticholinergic poisoning Physostigmine Examples:

Datura stramonium (thorn apple)

Belladonna (deadly night shade)

Jimson weed

Should be avoided when sodium channel blocking

drug poisoning is possible

Benzodiazepines Flumazenil Flumazenil may trigger seizures

Cholinergic insecticides,

carbamates, and

organophosphates

Atropine and pralidoxime Generally, pralidoxime is only necessary for

organophosphates

Coumadin Vitamin K1 10 mg IM�3 days (if hepatic failure FFP

is necessary)

Cocaine GABA antagonist—benzodiazepines Avoid succinylcholine

Immediate cooling should be instituted

in cases with hyperthermia

Beware concomitant organophosphates

Avoid beta-antagonist agents that may exacerbate

hypertension

Calcium channel blockade Calcium chloride A–V node action of calcium channel blocker still

active despite administration of CaCl2
Calcium gluconate

Carbon monoxide Oxygen, hyperbaric oxygen Hyperbaric therapy for severe cases

Cyanide Cyanide antidote kit Inhaled 30 sec of each minute new ampoule

every 3 min

Amyl nitrite ampoule 0.33 ml/kg IV

Sodium nitrite 3% solution 1.7 ml/kg IV

Sodium thiosulfate 25% solution

Digoxin Fab antibody fragments Magnesium sulfate and potassium repletion for

dysrhythmia control

Dystonic reactions Diphenhydramine For antipsychotic drugs (i.e., phenothiazines)

Benzodiazepines can be used as second line

Envenomations Specific antivenom Skin test prior if indicated—be prepared with

epinephrine in case of allergic reaction; new

Crotalidae Fab antivenom therapy requires no

skin test

Hydrogen sulfide Oxygen, nitrites

Iron Desferoxamine

Isoniazid Pyridoxine, Vitamin B6

GABA agonists

Non-ethanol alcohols Ethanol Ethanol competes with alcohol dehydrogenase,

decreasing toxic metabolite production

Ethylene glycol 4-Methylpyrazole, pyridoxine, folate,

thiamine, multivitamins

4-methylpyrazole (fomepizole) competes with

alcohol dehydrogenase and aldehyde dehydrogenase

Methanol

Methemoglobinemia Methylene blue Methemoglobin is produced by nitrites,

nitrates, analines, phenacetin, sulfonomides,

and prilocaine

Opiates Naloxone Titrate to effect; beginning with small doses

0.04–0.01 mg at a time escalating to 2 mg and

continuing at higher doses for severe opiate

intoxication

(Continued )
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under development that will lead to pretreatments or pre-
exposure prophylaxis as well as countermeasures (157).

Current research efforts also include the use of X-ray
crystallographic analytical techniques to further elucidate the
structure of AChE, in order to develop molecular approaches
to antidote therapies through gene mutation to produce var-
iants of human AChE and butylcholinesterase (158).

SUMMARY

Trauma victims may present after exposure to drugs, medi-
cations, or a variety of plant and industrial toxins. The pres-
entation and clinical course of these patients can be
complicated by multiple organ system toxicity, with the
most immediately life-threatening involving the cardiac,
pulmonary, and nervous systems. By approaching these
patients in an organized fashion, initially concentrating on
the airway, breathing, and circulation, the lethality of the
poisoning can usually be minimized. After life support
measures are in place, clinical clues to the toxic exposure
are sought, including assessment of the vital signs and auto-
nomic system status for the patient. Drug screens and testing
for specific corroborating evidence of poisoning or toxic
source allows for definitive therapy.

Specific antidotes or therapies may be indicated in
certain examples of these poisonings and intoxications
(Table 7). Involving a poison control center or a medical tox-
icologist early in the admission will also assist in the rapid
and accurate assessment and treatment of these patients.

The Toxic Exposure Surveillance System (TESS) of the
American Association of Poison Control Centers (AAPCC)
compiles comprehensive TESS data yearly. The data are
published annually in the American Journal of Emergency Medicine,
which is an excellent resource for updated clinical references,
early detection of regional toxin exposures and incidents,
toxicosurveillance, and for hazard prevention education (159).

KEY POINTS

Utilization of resources such as a poison control center
and a specialist in medical toxicology is recommended
in order to confirm diagnosis or suggest the most recent
advances in therapy for specific rare toxic exposures.
Many toxic compounds affect the autonomic nervous
system producing toxidromes with diagnostic and
therapeutic significance.

The most common and widely accepted means of
GI decontamination today is the use of activated
charcoal.
Supportive care is the guiding principle when treating
patients who are able to breath-off, urinate out, or
hepatically metabolize toxic compounds.
Hemodialysis should be considered for patients in renal
failure following ingestions of substances normally
cleared by the kidneys (e.g., aspirin).
Drugs that are larger, less water soluble, or highly
protein-bound do not easily move across the dialysis
membrane into the dialysate. In these cases, hemoper-
fusion should be used.
Cyanide toxicity can occur in the OR or SICU in
patients who have received large amounts of sodium
nitroprusside (high concentrations or prolonged
administration).
During stage 1 of acetaminophen overdose (up to
12–18 hour after ingestion), blood concentrations of
acetaminophen will be elevated but liver function
tests are usually still normal and specific therapy with
N-acetylcysteine is most efficacious.
The five Cs of TCA overdose toxicity can be summar-
ized as abnormalities of conduction, anticholinergic,
contractility, convulsions, and coma.
The typical presentation of an anticholinergic intoxi-
cated patient includes dilated pupils, dry flushed
skin, tachycardia, mild fever, and CNS symptoms
(confusion, ataxia, seizures, and coma).
Ingestion of a single Amanita species mushroom is often
lethal. Symptoms of poisoning may not present until
several hours after the toxins have distributed to
target tissues.
Tetrodotoxin is one of the most potent nonprotein
toxins known to man (111).
Organophosphate poisoning, leading to cholinergic
crisis, can occur secondary to ingestion or absorption
of common insecticides including: parathion,
malathion, and diazinon.
A recently released antidote for ethylene glycol and
methanol intoxication called fomepizole (4-methylpyr-
azole) is now available as an alternative to block
alcohol dehydrogenase (128–130).
Echinacea, ephedra, garlic, ginkgo, ginseng, kava,
St. John’s wort, and valerian comprise the eight herbal
medications considered to pose the greatest concern
during the perioperative period.

Table 7 Toxic Substances and Specific Antidotes (Continued)

Toxin Antidote Dose and/or notes

Sympathomimetics Adrenergic blockers Avoid specific beta antagonists when significant

hypertension present due to potential for

unopposed alpha stimulation; labetolol is

preferred for this reason but may still elevate BP

Strychnine Benzodiazepines, for seizure control

Orally ingested toxins Activated charcoal Refer to Table 2 to determine utility

TCAs Alkalinization Second-line agent for ventricular dysrhythmias

would be lidocaine or amiodarone

Magnesium sulfate (for prolonged QT) Magnesium may control ventricular dysrhythmias

such as torsade de pointes

Abbreviations: BAL, British anti-Lewisite; BP, blood pressure; DMSA, dimercapto-succinic acid; FFP, fresh frozen plasma; GABA, gamma-aminobutyric

acid; IV, intravenously; TCAs, tricyclic antidepressants.
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INTRODUCTION

As with other sources of trauma, animal bites, stings, and
envenomations typically occur in young active people.
Initial management as well as definitive treatment for
these injuries has been confused and disorganized in the
past. The diversity of organisms which infect and complicate
most animal bites has been understood for several decades.
However, the complex biology involved in the molecular
soup of numerous venoms is just now becoming understood
in terms of both function and protein derivation.

This chapter provides a brief review of the manage-
ment considerations for domestic animal bites, and covers
in greater detail the interesting and complex story of snake
envenomations. The topics of amphibian, stingray, and sea
snail toxins are also briefly reviewed. Scorpion envenoma-
tions and spider bites are presented in their own dedicated
sections, the latter focusing principally upon the black
widow and brown recluse. The chapter finishes with a
review of hymenoptera (bee, wasps, and hornet) stings as
well as tick-born paralysis. The eye to the future section
reviews several novel uses for snake venom constituents
currently under exploration.

Because envenomations are relatively rare occur-
rences, physicians may practice for several years prior to
treating lesions such as a scorpion sting or brown recluse
envenomation. The important considerations provided
here are organized in a clinically relevant format so that
the busy clinician will quickly find the information needed
for diagnosis and treatment.

DOMESTICATED ANIMAL (DOG AND CAT) BITES

Patients, especially small children, frequently present to the
operating room (OR) for debridement and repair of animal
bites of the face and extremities. Optimum care for these
wounds is incompletely understood by many in the chain
of care of these patients.

Irrigation of the wound following animal and
human bites is critical, particularly when the injury is
located on the extremity. Cat bites may be more difficult
to irrigate than dog bites due to the small puncture wound
nature of the cat bite. Bites into the hand may enter the
bone, or avascular spaces such as joint capsule, or tendon

sheaths, which subsequently serve as excellent culture
media. These patients should receive a radiograph of the
extremity to rule out retained foreign body, and will
benefit from early surgical exploration, copious irrigation,
and debridement of involved structures; immobilization of
the extremity, and prophylactic intravenous (IV) antibiotic
therapy is warranted for bites into avascular spaces.
Antibiotic prophylaxis with dog bites has not been proven
to be efficacious. However, patients with extensive bites,
crushed tissue, or avascular or joint space involvement
should receive prophylactic antibiotic therapy. Cat bites
and human bites should always receive prophylactic
antibiotic therapy because the infection rates are higher (1).

In contrast to most wound infections, those ema-
nating from animal bites usually reflect the oral flora of
the biting animal, rather than the resident skin flora of the
host (2). The most common facultative isolates include
Staphylococcus aureus, Streptococcus, Pasteurella multocida,
and Eichenella corrodens (3). The most common anaerobic
organisms include Peptostreptococcus and Bacteroides spp.
Penicillin-resistant gram-negative rods are rarely encoun-
tered. E. corrodens, a common pathogen of bite wounds,
is a fastidious gram-negative organism (requiring CO2

to grow in culture). E. corrodens is typically sensitive to
penicillin and ampicillin, but resistant to nafcillin, methi-
cillin, clindamycin, and metronidazole (4). P. multocida,
another common cause of infections from animal bites, is
also susceptible to penicillin. Therefore, penicillin remains
a good choice for empirical coverage due to its efficacy
against most of the organisms involved with dog and
cat bites (refer Volume 2, Chapter 53 for a complete review
of antimicrobial therapy). Human bites are discussed in
Volume 1, Chapter 29 and Volume 2, Chapter 53.

VENOMOUS REPTILES (PRINCIPALLY SNAKES)

Worldwide, the number of snakebites is approximately 500,000
per year with as many as 45,000 deaths occurring annually.
The majority of envenomations occur in Asia, Africa, and
South America. In the United States, there are approximately
45,000 snakebites per year with 7000–8000 of these due to
venomous species, resulting in an estimated 10 to 15 deaths
(5). Typically victims are males in their late teens to early 30s
who are bitten as a result of deliberate attempts to handle the
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snake (sometimes referred to as “illegitimate bites”); alcohol
intoxication is often an associated factor (6).

Although the surgical and medical literature is teeming
with interesting articles about venomous animal bites, these
patients rarely require operative management, thus surgical
specialists and traumatologists need to specifically review
the implications of various forms of envenomations. Patients
may be seen by an anesthesiologist when they present to
the OR following a snake bite for debridement of wounds,
fasciotomy, or airway support following the development
of venom-induced neuromuscular blockade and acute
respiratory failure. Figure 1 depicts the site of action for
most known animal-derived toxins and venoms.

The primary utility of snake venom is to immobilize
prey following attack, and to facilitate digestion. The leth-
ality of venoms is predominantly related to the neurotoxic

and/or hemotoxic aspects of the venom. More than
50 enzymes have been detected in various snake venoms

with 12 proteins being found in the majority of venoms.
Hyaluronidase is present in all snake venoms, serving to
facilitate the distribution of venom throughout the tissues
of the prey (7).

Effects of snake venom can be divided into several
categories including local tissue reactions, neurotoxicity,
hemorrhagic toxicity (including coagulation abnormalities,
vascular endothelial injury, and intravascular hemolysis),
and cardiotoxicity, along with secondary injuries such as
renal failure due to stroma-free hemoglobin following
hemolysis and from myoglobinemia (from direct injury to
the muscle or from compartment syndrome).

Identification of North American
Venomous Snakes

The key to appropriate treatment of snakebite is prompt

administration of antivenom, when indicated, following

Figure 1 Principal sites of action of animal toxins. The figure illustrates the site(s) of action for most of the animal-derived toxins detailed

in this chapter. The center of the diagram depicts a prejunctional portion of nerve with various ion channels (Naþ, Kþ, and Ca2þ) and

continues on to the neuromuscular junction. Both prejunctional and postjunctional components are shown as well as skeletal muscle. Below

the central figure are sympathetic and parasympathetic nerves. Also shown is a blood vessel (with cellular elements inside) and a sample of

skin. Arrows emanating from the boxed words point to the elements chiefly affected by the various toxins. Source: From Ref. 7.
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accurate identification of the snake. If the offending
snake has been captured or killed, the snake (or part of)
should be brought into the hospital with the patient for
identification. Careful initial handling is required as reflex
biting can occur in recently killed snakes and result in
envenomation.

In North America, there are several types of venomous
snakes (Fig. 2), the coral snake (member of the Elapidae
family) and several members of the Viperidae family:
rattlesnakes, massasaugas (pygmy rattlesnakes), and two
Agkistrodon species (the cotton mouth or water moccasin,
and the copperhead) (8).

However, nonnative snakes can envenomate as well.
Indeed, large numbers of exotic venomous reptiles and
snakes are kept surreptitiously as “macho pets” by various
collectors (9). Indeed, between 1977 and 1995 Minton

reported that in his own practice, he consulted on 54 cases
of bites from nonnative venomous snakes involving at
least 29 different species. The most common was the cobra,
which constituted 40% of the group (10).

When patients bring snakes in (dead or alive), identifi-
cation begins with examination of the snake’s head. Elliptical
pupils are characteristic of the pit vipers (rattlesnakes, cotton
mouths, and copperheads), as shown in Figure 3. In a dead
snake, the pupil may become a little less elliptical. However,
perfectly round pupils occur only in nonvenomous North
American snakes, the coral snake, and venomous snakes
native to regions outside North America. The rattlesnake is
easy to identify because of its rattle. All pit vipers have
hinged fangs, and heat sensors that can be utilized to sense
prey. Pit viper bites are painful, and usually associated with
erythema and edema surrounding the puncture marks.

Figure 2 Venomous snakes of North America. (A) An eastern diamondback rattlesnake (Crotalus adamanteus), (B) a western

diamondback rattlesnake (C. atrox), (C) a timber rattlesnake (C. horridus), (D) a cottonmouth (Agkistrodon piscivorus),

(E) a copperhead (A. contortix), and (F) an eastern coral snake (Micrurus fulvius fulvius). Source: From Ref. 8.
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VenomToxicity
Copperheads are the least lethal of the North American pit
vipers. However, severe bites can occur, sometimes requir-
ing antivenom. Both the Eastern and Western Diamondbacks
have extremely toxic venom. The Diamondbacks account for
only 3% of all snakebites in the United States, but constitute
the majority of deaths. The king cobra delivers large quan-
tities of venom, but the Diamondback has a more potent
venom and delivers a greater quantity than any other
North American snake. The site of action and relative need
for antivenom for North American venomous snakes is
described in Table 1. Specific issues regarding the various
families of venomous snakes follow.

Families of Venomous Snakes
(North American Emphasis)
Elapidae
Envenomations from elapids account for the majority of sna-
kebite deaths worldwide. The family Elapidae includes
cobras, kraits, mambas, taipans, tiger snakes, and the coral
snake (the only elapid found in the United States). The
U.S. elapids include the Eastern Texan, and Sonoran coral

snakes. Systemic manifestations following an elapid enveno-
mation include ptosis, external ophthalmoplegia, dysphasia,
and salivation, occasionally followed by general paralysis
and respiratory failure. Death from the coral snake is rare
in humans, but can occur due to ventilatory failure following
blockade at the neuromuscular junction (NMJ) (11). Under-
standing the NMJ binding site of alpha-bungarotoxin
(derived from the Krait) helped reveal the molecular
configuration of the postsynaptic acetylcholine receptors
(AChR) at the NMJ. The 40,000-Da peptide alpha-subunits
of the AChR carry separate binding sites for both acetyl-
choline (ACh) and alpha-bungarotoxin (12). These two
alpha subunits, along with three other subunits, are arranged
in a ring that forms an ionophore channel for ions (13).

Cobra (Africa, India, and Asia)
The cobra, found in Africa, India, and Asia has a potent neu-
rotoxin affecting the postsynaptic membrane of the NMJ
(Fig. 1). Cobra toxin is more easily reversible than alpha bun-
garotoxin (produced by the Krait). Cobra venoms also
contain potent cardiotoxins. Interestingly, the black-necked
cobra (Naja nigricollis) discharges its venom by spitting,

Figure 3 Venomous versus nonvenomous snake characteristics. The figure displays several of the characteristics that are different

when comparing venomous snakes (pit vipers) and nonvenomous snakes of North America. Source: From Ref. 8.
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and can cause injury to the eyes. The Indian cobra (Naja naja)
grows up to 6 ft in length, whereas the king cobra (Naja
hannah) (14) may attain 12 ft in length. Cobra snakes,
while not indigenous to the United States are acquired and
maintained (illegally) by amateur collectors.

Coral Snakes (North and South America)
Coral snakes have black tipped heads and alternating red,
yellow, and black colors. The red and yellow bands are
always adjacent, hence the rhyme “red on yellow kills a
fellow” and “red on black venom lack” for harmless
mimics (although this is unreliable south of the United
States). A coral snake is shaped like a broomstick handle
(perfectly round), whereas most snakes are flatter on the
ventral surface. Coral snake venom has the most potent neu-
rotoxin of any snake in North America. However, the deliv-
ery mechanism is not nearly as good as the rattlesnake. Coral
snakes have short stubby teeth and typically administer little
venom. Coral snakes often hang on and chew, contaminating
the skin with venom; despite the longer contact time,
nearly half of the victims of coral snake bites are not enveno-
mated. Coral snakes account for less than 1% of venomous
snakebites in the United States.

Instead of the typical puncture marks, the wound may
appear more like scratch marks, and surrounding erythema

may be minimal. As the venoms of coral snakes and exotic
elapids are primarily neurotoxic, local numbness, rather
than pain can be a presenting finding (15).

Coral snake bite treatment begins by washing the
wound with soap and water. Coral snake venom is almost
pure neurotoxin. There is minimal to no venom-mediated
tissue damage, no hemotoxin, and no significant cardiotoxin.
Neurotoxicity can be slow to develop, with symptoms
resembling Guillain-Barre Syndrome, with cranial nerves
usually affected first resulting in ptosis, ophthalmoplegia,
dysphagia, dysarthria, and excess salivation. Once symp-
toms occur, the interval until complete paralysis can be
quite short. Thus, tracheal intubation and ventilatory
support may be required early. As long as ventilation is
assured, antivenom (which is equine-derived, and has the
risk of serum sickness—discussed subsequently) should be
held in reserve. Victims of suspected coral snake bites
should be observed for a period of 12 hours due to potential
late or precipitous neurotoxicity (16).

Crotalidae (Vipers and Pit Vipers)
Vipers are best known for the hemorrhagic symptoms
associated with their venom. The Russel’s viper (India and
Sri Lanka) and the saw scaled (Carpet viper) may be respon-
sible for the most deaths due to a single species throughout

Table 1 Venom Activity and Dosing Recommendations for Antivenom for North American Venomous Snakes

Type of snake

Coral snake Copperhead

Cottonmouth (water

moccasin)

Rattlesnakes (including

massasaugas)a

Local tissue injury 2b
þþþþ þþ þþþþ

Neurotoxicity þþþþ +c
þþ þþþ (especially Mojave

rattlesnake)

Cardiotoxicity — 2 — þþ

Coagulopathy — þ — þþþþ

Identifying features Red, yellow, and

black bands

(black-tipped

head), round

body instead of

D-shaped like

most snakes;

tends to hang on

and chew while

biting

Light to dark cop-

per-brown;

docile nature,

rarely bites

unless stepped

upon

Cottonmouths have white

palate, keep mouth open

for a long time when

provoked

Rattles, especially if .2

years old; diamond

back pattern of some

subspecies; sidewinders

with characteristic

movement

Need for antivenom

and typical quantity

Antivenom works

best if given

early, but often is

not necessary;

providing venti-

lation support

most important;

if unstable four to

five vials anti-

venom for adult

None indicated Four to five vials antive-

nom for adult

Wyeth-Ayerst ACP: 10

vials average for adult

initially; protherics cro-

talidae polyvalent

immune Fab [ovine]

CroFabw four to six

vials average for adult

initially; repeat dosing

often needed for both

types of antivenom; get

coagulation studies first

aDiamondback and sidewinder rattlesnakes have the most potent venom.
bSome Brazilian coral snakebites cause massive tissue injury.
cOf the five species of copperhead, only two have neurotoxic activity: Agkistrodon contortrix and A. contortrix contortrix.

Abbreviations: ACP, antivenin crotalidae polyvalent.
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the world. Additionally, Russel’s viper has toxins that cause
hemolysis, with the resultant stroma-free hemoglobin
leading to renal failure. Interestingly, the Malayan viper pro-
duces minimal hemorrhagic symptoms in nontraumatized
patients despite production of complete anticoagulation in
a patient’s blood for days. This benign course results
because the venom causes isolated defibrinogenation
without thrombocytopenia or fibrinolysis.

The unique defibrinogenation that occurs with
envenomation with the Malaysian pit viper has led to the
commercial development of Ancrod (Arvin; Knoll Pharma-
ceuticals, Nottingham, U.K.) which is the purified enzyme
responsible for defibrinogenation. Ancrod has been used in
the treatment of patients with heparin-induced thrombocyte-
mia (HIT) for anticoagulation as an alternative to hepari-
nization during cardiopulmonary bypass (CPB), and in the
treatment of ischemic stroke, “stroke” as will be further
discussed in the “Eye to the Future” section.

Rattlesnake
Just as with other vipers, the rattlesnake (a pit viper) injects
venom with hemotoxins. The exception is the Mojave rattle-
snake which produces a neurotoxic venom. Rattlesnake
venoms cause defibrination by activating the endogenous
fibrinolytic system. Thrombocytopenia and platelet dysfunc-
tion are also seen but seem to be separate processes from
defibrination. In addition, some rattlesnakes produce specific
vascular endothelium disrupting compounds that further
accelerate disseminated intra vascular coagulation (DIC)
(17,18). Pharmacologically, pit viper venom proteins destroy
plasma membranes and damage capillary endothelium
resulting in intracellular and interstitial edema, which, if
untreated, can lead to hemoconcentration, lactic acidosis,
and hypovolemic shock (8).

Rattlesnake envenomations characteristically
produce significant local tissue edema and destruction.
Finger amputations occur frequently in severe upper extre-
mity bites. Both subsequent tissue injury when significant
and hemolysis can lead to renal dysfunction in severe
cases. Dickinson et al. (19) studied 27 horses with rattle
snake envenomation demonstrating an overall mortality of
25%, with the most significant chronic problems including
cardiac disease, pneumonia, paralysis, and wound com-
plications (19). Human series show far less mortality, and
aggressive treatment with antivenom can prevent death in
all but the most severe (e.g., intravascular) envenomations,
and those in whom early airway obstruction occurs due to
massive swelling.

Cottonmouth (Water Moccasin)
Cottonmouth snakes are found mostly on the eastern and
southern United States. Although they are members of the
Agkistrodon family, their venom resembles that of rattle-
snakes. The cottonmouth is one of the more placid venomous
snakes only biting humans when threatened. Their first
response to startling is usually to coil and open their mouth,
exposing the white inside appearance (from whence their
name derives). Only severe bites require antivenom therapy
(Table 1).

Copperhead
Copperheads are light to dark copper-brown as adults.
When copperheads are born, they have a chartreuse-
colored tail that is lost during the first shedding of its skin.

These snakes, like the cottonmouth, are found in the
eastern and southern United States.

The copperhead bite frequently only requires conser-
vative treatment as mostly local tissue injury occurs. Antive-
nom is only needed in severe cases with thrombocytopenia
and significant swelling. Wittley reviewed 55 patients
treated over a 12-year period including 12 children who
sustained copperhead bites. None required antivenom
treatment, and there was no loss of limb or residual extre-
mity disability reported (20).

Approximately 98% of snake envenomations in the

United States are caused by Viperidae, specifically from the
subfamily Crotalidea or pit vipers, and include rattlesnakes,
massasaugas (pigmy rattlesnakes), and copperhead and
cottonmouth species as described preceedingly.

Hydrophidae (Venomous Sea Snakes,
Indo-Pacific Region)
All sea snakes are venomous and comprise the family
Hydrophidae (21). The venom of sea snakes contains neuro-
toxins that bind to the nicotinic cholinergic receptors on the
postsynaptic membrane of both the skeletal NMJ and auto-
nomic ganglia. Some sea snakes have venom that affects
the prejunctional membrane at the NMJ as well. Although
sea snake venom is extremely toxic, the amount of venom
injected is usually small. Sea snake poisoning also causes
direct tissue injury with extreme pain in the envenomated
muscles resulting in rhabdomyolysis and myoglobinuria
with risk for subsequent renal failure (22).

Emergency Treatment of Snake Bites
Emergency treatment for venomous snakebites begins with
the basic principles of evaluation and support of airway,
breathing, and circulation, along with close monitoring of
vital signs. A rapid detailed history should be obtained
with circumstances of the bite, description of the snake,
time elapsed since bite, first aid administered, as well as
allergy history and tetanus status. If the snake is brought
in (dead or alive), an assistant knowledgeable in herpetology
should be tasked with identifying the species with the assist-
ance of pictures (i.e., Figs. 2 and 3), and contact made with
the local poison control center.

Blood is drawn and sent for type and cross, baseline
renal panel, hematocrit, platelets, and a DIC panel. Note
that this is performed early because, by three to four hours fol-
lowing a rattlesnake bite, the patient’s serum may no longer
be cross-matchable (23). The blood urea nitrogen (BUN), crea-
tinine, and creatine phosphokinase (CPKs) are sequentially
evaluated because nephrotoxicity can occur, secondary to
venom-induced rhabdomyolysis or following administration
of horse-serum-derived antivenom. Urinalysis, electrocar-
diogram, and chest radiography are performed as indicated.

Next, evaluation of the extremity to scrutinize the
type of bite, and monitoring for progression of swelling is
important. With pit viper envenomations, local clinical find-
ings usually emerge within 10 to 60 minutes. Commonly,
erythema along with subcutaneous edema emerges around
the bite site where fang marks, typically with ragged
edges, can be visualized. Ecchymosis, along with serous or
hemorrhagic bullae, can appear within several hours.

Pain is almost always present in pit viper envenoma-
tions with the exception of the Mojave rattlesnake which
may produce little or no pain (8). Coral snake envenoma-
tions are rarely painful and cause only modest local tissue
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reactions. However, the venom produces neuromuscular
blockade, initially manifested as cranial nerve palsies (as
previously described).

If there is no swelling by the time the patient arrives at
the emergency department (ED) or trauma resuscitation
suite, only observation is required for initial management.
However, if the bite extends into a joint, fascial plane, or
directly into a vessel, then very little initial swelling may
occur despite a significant envenomation that will sub-
sequently cause significant sequelae.

Circumferential measurements of the extremity
should be sequentially assessed (marked) at the site of
injury and 10 cm proximal and distal to the bite and many
physicians find it useful to outline the leading edge of
erethema or edema in order to better follow the speed of pro-
gression. Ice (once thought to lower venom enzyme activity)
is no longer recommended because it could result in cold
injury and further tissue destruction.

Progressive edema when treated with antivenin rarely
leads to compartment syndrome, and prophylactic fasciot-
omy is not recommended. In rare cases where elevated com-
partment pressures (i.e., .30 mmHg) are documented,
fasciotomy is indicated. However, the patient must be ade-
quately treated with antivenom, as muscle injury is usually
the result of direct myotoxin-induced necrosis rather than
a true compartment syndrome (24).

Patients have described a sense of impending doom,
which has been interpreted by some as an anticipated
psychological reaction to snakebites, as many victims
believe that bites from a venomous snake will result in
death (6). However, these symptoms may also be physiologi-
cally based. Symptomatology from autonomic fear reactions
must be differentiated from systemic signs and symptoms of
envenomation (6).

Signs of progressive swelling, systemic shock,

neurological alteration, or hemorrhagic symptoms should
trigger consideration of antivenom therapy. Antivenin
can be life-saving, yet it should not be given to patients
following snakebites unless there is evidence of progressive
swelling (especially proximal swelling), or systemic mani-
festations of neurotoxicity, coagulopathy (defibrination), or
venom-induced thrombocytopenia.

Two types of Crotalidae antivenin are currently avail-
able for rattlesnake bites in North America. A newer product
(CroFabw), discussed below and the older product, antivenin
crotalidae polyvalent (ACP), a horse-serum-derived IgG
product, first produced in 1954. The refined and concen-
trated preparation of serum globulins is obtained by frac-
tionating blood from horses immunized with venom from
several pit viper species. ACP is efficacious, however, a sig-
nificant number of adverse immune and nonimmune-
mediated reactions occur following ACP administration.

The ACP antivenin can lead to both immediate anapha-
lactoid (nonimmune-mediated) and immediate anaphylactic
immunoglobulin E (IgE)-(mediated) as well as delayed
hypersensitivity reactions (e.g., serum sickness; Volume 1,
Chapter 33) (25). Typically 10 to 25 vials of this IgG product
are required to treat the average bite.

In 2000, the U.S. FDA approved an ovine (sheep)-
derived serum globulin-based antivenin—crotalidae poly-
valent immune Fab fragment (Fab AV or CroFab). This
newer product (CroFab) can also cause adverse (immune-
and nonimmune-mediated) reactions, but the reported
frequency is much lower (26,27). Accordingly, CroFab has
shown excellent efficacy in treating local and systemic

effects of crotalid envenomation and has become the
standard product used in most U.S. EDs.

The goal is to completely neutralize the venom.
Crotalidae antivenin will treat all poisonous North Ameri-
can venomous snakes other than coral snakes. The average
bite can require anywhere from 4 to 20 vials (Table 1).
Antivenin is given until proximal swelling halts, coagulation
parameters (including venom-induced thrombocytopenia),
and systemic symptoms normalize. Anaphylaxis to
antivenom therapy should be treated with epinephrine,
fluids, antihistamines, and steroid therapy as outlined in
Volume 1, Chapter 33.

CroFab is indicated for the management of moderate-
to-severe envenomation from North American crotalids with
dosing recommendations as shown in Table 1. The manufac-
turer recommends that each vial of CroFab be reconstituted
with 10 mL of sterile water; with further dilution of every
four to six vials into 250 mL of normal saline, to be adminis-
tered over one hour (during the first 10 minutes the rate
should be slower at 25 to 50 mL per hour while the patient
is observed for adverse reactions). Dosing parameters
are less clear in most severe envenomation because these
patients were excluded from the initial clinical trials.
CroFab has shown comparable efficacy in pediatric popu-
lations, although children may require higher weight-
based dosing as they receive higher loads of venom on a
per kilogram body-weight basis (28).

Patients with a known hypersensitivity to papaya or
papain should not receive CroFab unless benefits outweigh
risks and appropriate anaphylactic management is antici-
pated (CroFab package insert information, Protherics, Inc.,
2000, Nashville, Tennessee, U.S.A).

A North American coral snake (Micrurus fulvius) anti-
venin (equinine serum-derived) is also available. However,
because death or serious injury is rare following coral
snake envenomation, and because the risk of serum sickness
is high, it is only indicated for the treatment of extremely
unstable patients (Table 1). Supportive care (chiefly venti-
latory support) represents the mainstay of management.
Coral snake antivenin is no longer widely available in U.S.
EDs, but can be obtained from regional poison control
centers if needed.

Most snake venoms tend to kill bacteria and primary
infections are uncommon. However, secondary infections
can occur, requiring incision, drainage, and antibiotic
therapy. These typically manifest days after the initial enve-
nomation and usually well after the most critical systemic
phase of venom toxicity has passed. Bullae, if present, are
generally removed following the third day.

Application of tourniquets on the extremities is contro-
versial because it can lead to increased tissue necrosis from
cytotoxic envenomations. However, a light lymphatic con-
striction band (similar to that used for starting an IV), prox-
imal to the bite location can be useful for snakes with
predominately neurotoxic venom. If a constriction band is
on the extremity when the patient arrives, it is best to have
antivenom ready to administer prior to relieving the band
(providing pulses are intact).

Some of the systemic manifestations of elapid bites,
including paralysis, can be supported with intubation and
mechanical ventilation alone. Neuromuscular blockade can
also be partly reversed by administering anticholinesterase
drugs such as edrophonium or neostigmine (29). Some rec-
ommend an edrophonium test (alone or with atropine)
in these cases, and if this improves muscle strength
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the patient can be treated with a neostigmine infusion and
followed in the intensive care unit (ICU).

Helodermatidae (Venomous Lizards)
The Gila monster is a large, relatively slow moving
nocturnal reptile living in the deserts of Arizona, Mexico,
and surrounding areas. Venom is transferred from glands
in the lower jaw through ducts that discharge their contents
near the base of the large teeth. The venom is then drawn up
along grooves in the teeth by capillary action. The venom of
the Gila monster contains serotonin, aminoxidase, phospho-
lipase A, proteolytic compounds, and hyaluronidase. The
high hyaluronidase content is responsible for the tissue
edema frequently seen in Gila monster bites. There is very
little systemic toxicity other than a slight fall in blood
pressure, decreased circulating blood volume, tachycardia,
and occasionally respiratory distress (30). Lethal doses are
rarely seen in humans but have been associated with a
decrease in ventricular contractility (31).

AMPHIBIAN TOXINS

Amphibians produce toxins in highly developed cutaneous
secretory glands. The secretions are continually excreted,
however, the secretory rate may be increased under times of
stress. The poisons secreted by the skin of amphibians have
a dual protective effect. First, they protect against invasion
by foreign bacteria and fungi. Second, the secreted toxins
serve to decrease predation. Amphibian’s cutaneous toxins
of significance to man include alkaloids, as well as multiple
biogenic amines including epinephrine, norepinephrine, and
dopamine (32). Additionally, a group of bufogenines are
secreted in toads (33). Bufogenines affect smooth and cardiac
muscles. Some toads have been found to secrete a tetrodotoxin
similar to that produced by the dinoflagellates responsible for
pelagic poisoning (Volume 1, Chapter 31). Some newts and sal-
amanders secrete a variety of toxins in addition to tetrodotoxin.
The presence of toxins and steroid alkaloids in amphibian
skin glands provides insight into the stories about witches
brewing formulas thought to have “mystical powers,” as they
frequently included several of these toxic agents.

There are over a 100 biologically active alkaloids that
can be extracted from the skin of Columbian frogs (34).
The skin secretions of these brightly colored frogs contain a
batrachotoxin. The batrachotoxin prevents sodium channel
inactivation resulting in a massive influx of sodium with
persistent membrane depolarization (35). Secretory com-
pounds from the skin of Columbian frogs have been used
by natives as arrow and dart poisons for centuries.

STING RAYS

Closely related to sharks and skates, stingrays are boneless
marine creatures with flattened cartilaginous skeletons. The
mantaray (or devil ray) is a large plankton-eating ray
without any venom or spines, hence harmless to humans.
Stingrays (elasmobranchii) have one or more venomous
spines on the tail. Gill slits are located on the lower surface
of the head with teeth modified into rows of crushing plates.

The creatures are not aggressive toward humans;
however, injuries from these animals are common when they
become startled. The venom from the stingray results mainly
in severe pain and local tissue trauma in humans. The stin-

gray’s barbed stinger apparatus causes immediate and
intense pain, swelling, and occasionally local hemorrhage.
Mild systemic symptoms can be present and hemodynamic
instability can occur with extensive envenomation.

Stingrays from the northern hemisphere comprise the
family Dasyatidae, and are mainly marine, but have also
been found in brackish waters and bays. Another ray
family (Potamotrygonidae) constitutes the venomous fresh-
water species. These freshwater stingrays live in lakes and
rivers of South America.

The Bat ray, Myliobatis californica (Fig. 4), is a member
of the eagle rays (Myliobatidae) family. They are native to the
Eastern Pacific from Oregon, United States, to the Gulf of
California and the Galápagos Islands. Bat rays prefer
shallow intertidal waters and sandy bays and estuaries.
Bat rays can often be found buried in the sand, or hovering
above the sand using their “wings” to disturb bottom dwell-
ing invertebrates, their chief source of food. However, Bat
rays can also be found near reefs, in kelp beds, and even
near the surf zone at times, occasionally swimming in very
large groups. Humans usually become injured when they
startle an unsuspecting Bat ray, or step on one while
diving or swimming. Figure 5 shows the arm radiographs
of a San Diego, California, surfer who was stung by a bat ray.

SEA SNAILS

The genus Conus includes marine snails that produce beautiful
cone-shaped shells found in the Pacific and Indian oceans.
These sea snails also produce a variety of neurotoxins includ-
ing alpha, mu, and conotoxins (Fig. 1) (36). They can cause
death to their prey and ventilatory failure in humans (37).
Patients can develop respiratory failure following a sea snail
sting, which will occasionally require intubation and mechan-
ical ventilation; less commonly cardio-supportive therapy is
required.

SCORPION STINGS (>650 SPECIESWORLDWIDE)

Most systemically toxic scorpion envenomations cause

severe intense local pain and hyperesthesia over the

Figure 4 California bat ray (M. californica). Source:

Photo courtesy of the National Oceanic and Atmospheric

Administration/and the U.S. Department of Commerce.

626 Clark et al.



envenomated extremity. Local manifestations are fol-
lowed by systemic symptoms with alternating cholinergic
and adrenergic stimulation. The cholinergic symptoms
occur first, manifested by inability to focus, hypersalivation,
vomiting, and diarrhea. After the cholinergic symptoms,
an adrenergic response is frequently seen with release of
epinephrine and norepinephrine producing hypertension,
tachycardia, and dysrhythmias. Venom of scorpions indi-
genous to India, North Africa, and the Middle East tend to
release massive quantities of catecholamines, causing toxic
myocarditis, heart failure, and pulmonary edema.

The bark scorpion, Centruroides exilicauda, indigenous
to Arizona and the surrounding states (California, Nevada,
and New Mexico), is the most important North American
variety, and the only one to cause systemic symptoms.
Bark scorpion venom can cause muscle fasciculations,
spasms, and, occasionally, respiratory paralysis. C. exilicauda
venom toxins delay inactivation of the sodium (Naþ)
channel (keeping them open for a longer periods of time)
on the presynaptic NMJ (Fig. 1). Other centruroides toxins
enhance activation of Naþ channels (opening them at a
membrane potential at which they would normally be
closed). The intense local pain may require local or regional
nerve blockade for relief. Opioids and benzodiazepines
should be used as needed for analgesia.

Scorpion-envenomated patients can develop respira-
tory failure along with rapid swelling of the airway and
other tissues. These patients should have their trachea
intubated immediately following the first symptoms of
stridor. If intubation is unsuccessful due to periglottic nar-
rowing, transtracheal jet ventilation or a surgical airway
should be performed. The emergent pharmacologic
therapy of this edema should include epinephrine.
Additional therapy for anaphylaxis includes antihistamines,
fluids, and steroids (Volume 1, Chapter 32).

The most important life-sustaining therapy for
stings by foreign scorpions is monitoring of cardiovascular
and pulmonary systems. Occasionally, these patients
require intubation and mechanical ventilation to combat

the paralysis caused by some species. Treatment of the
adrenergic-mediated dysrhythmias and hypertension
includes alpha blockers and calcium channel blockers.
Echocardiography is recommended in the management
of victims following scorpion envenomation because of
the myocardial toxicity (38,39). These patients should be
monitored closely in the ICU until symptoms remit (40).

SPIDERS

Hospital-based traumatologists and anesthesiologists are
most often called to see victims of spider bites because of res-
piratory failure, intraoperative management for wound care,
or as a consultant for the pain associated with these bites. The
two main spiders in North America that cause significant dis-
ability are the black widow (Laterodectus) and the brown
recluse (Loxosceles), also known as violin or fiddle back
spider. Additionally, spiders with neurotoxic effects found
outside North America include the funnel web, Joro, and
Banana spiders.

North American Venomous Spiders
Latrodectus (Black Widow)
Black widows live in dark, undisturbed areas. The female is
a large black spider with a red hourglass on the ventral
surface of the abdomen. The male adult is very small and
indistinct. Although the black widow is reclusive and non-
aggressive, a bite can occur when the victim disturbs their
resting place, or puts an item of clothing that has been in
the closet for a long time. The black widow is not in the
web during the day, but usually hides in a crevice or a
corner until night when she returns to her web to wait for
food. Black widow webs are made of very strong silk, but
have a very disorganized appearance. The web is usually
full of debris in contrast to the attractive web of the
common garden spider. Latrodectus venom from the
black widow spider is neurotoxic (alpha latrotoxin)

causing muscle spasms, and a state of psychic stress

Figure 5 Embedded California bat ray stinger. Anterior–posterior (A) and lateral (B) radiographs of left arm of a 25-year-old surfer

who was stung by the common California bat ray (M. californica) in San Diego, California. The bat ray which stung and envenomated this

patient is similar to the one depicted in Figure 4. As can be seen on the lateral film, the stinger is rather large (approximately 5 cm) (circles).

The arm surface (not shown) revealed an erythematous border the size of a quarter surrounding the entrance site. Because of the intense

pain, surgical excision was required. Source: Photo courtesy of Tudor Hughes, MD; UCSD Medical Center, San Diego, California, U.S.A.
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(sometimes referred to as “latrodectism”). Alpha latro-
toxin affects the presynaptic nerve terminals, opening cationic
channels, and causing massive releases of neurotransmitters
followed by depletion of synaptic vessels at the NMJ.

The bite usually presents as a pinprick sensation.
Predominant effects are neurological and autonomic (41).
Spasms may progress up the extremity, eventually entering
the larger muscle groups. The pain from a black widow bite
can mimic an acute abdomen. There have been cases of
patients presenting to the ED with acute abdominal pain,
even to the extent of undergoing an exploratory laparotomy
due to the intensity and physical findings (42). Interestingly,
the administration of calcium gluconate has been reported
to relieve the pain, and can help diagnostically, but at least
one large study failed to show significant and sustained
improvement with calcium administration (43). Patients
with lactrodectism complain of muscle spasms and squirm
around incessantly, helping distinguish the syndrome from
an acute abdomen where the patient tends to avoid motion.
There is no focal abdominal tenderness in Latrodectus bites,
but there is abdominal spasm and pain in the back muscles
and abdominal musculature. Blood pressure is frequently
elevated following these envenomations, which may be
related to pain and restlessness. Other reported symptoms
include fever, chills, diaphoresis, urinary retention, priapism,
nausea, and vomiting. The predominant neurologic symptom
with latrodectism is the amazing restlessness and generalized
discomfort of these patients. The bite site may be normal, but
an erythematous “target lesion” can be seen in 60% of cases.

Treatment begins with administration of opioid analge-
sics. The specific antidote is black widow antivenom, and one
vial is often effective. Skin testing is recommended prior to
administration, and may variably predict hypersensitivity.
Antivenin-induced anaphylaxis may be more life-threatening
that the envenomation itself (41). Following administration,
the patient’s symptoms can rapidly improve. The local
poison control center should be consulted for specific antive-
nom recommendations.

Loxosceles (Brown Recluse)
Loxosceles spider bites are the only important cause of necro-
tic arachnidism in North America, and clinically significant
dermal necrosis from brown recluse bites is actually rare.
In addition, the true incidence of brown recluse bites is far
less than common than that perceived by patients or phys-
icians, thus a broad differential diagnosis should be con-
sidered before attributing oral reports or a skin ulcer to
loxoscelism (44).

Envenomation from the brown recluse spider can
cause significant tissue destruction and coagulation of
vessels but possesses insignificant neurotoxic effects. The
brown recluse has an inverted violin on its back. The
initial bite of the brown recluse spider is painless and
seldom detected, however it is usually progresses to

minor local stinging and pruritis. Most cases never
develop significant tissue damage and heal without scarring.
However, in 5% to 10% of cases, 36 to 48 hours after the bite,
a blister with an erythematous base occurs at the site of the
bite. The blister becomes purple and the base around the
blister develops a faint bluish or ischemic color. An ulcer
then appears, followed by a scab with erythema around
the area. This ulceration process continues without obvious
infection and the rash advances in a nonconcentric fashion.

Dapsone, hyperbaric oxygen, steroids, and many other
therapies have been used and suggested in the treatment of

severe Loxosceles bites (45). However, most animal models
fail to demonstrate benefits of any therapy beyond simple
wound management. Because the venom has antibacterial
properties, antibiotics are seldom required. Operative
therapy is not recommended for the primary injury.
However, if the wound becomes secondarily infected, debri-
dement can be life-saving as in other etiologies of extremity
infection. When treatment is delayed, surgical excision of
necrotic tissue is required, and the wound should be
treated with wet-to-dry dressings and allowed to heal by
secondary intention.

Non-North American Venomous Spiders
The funnel web spider (Atrax), found in Australia and
Tasmania, causes a painful bite, followed by nausea vomit-
ing, abdominal pain, salivation, and dyspnea (46). The
venom site of action is calcium channels on the presynaptic
portion of the NMJ. The major cause of the araneism in Brazil
and neighboring countries is envenomation from the South
American “banana” spider (Phoneutria) which has significant
neurotoxic effects. Another venomous spider of significance
is the “Joro” spider found in Japan and East Asia. The toxin
secreted by the Joro spider affects the postsynaptic gluta-
mate receptors blocking transmission. Envenomation from
all these non-North American spiders can be treated
with supportive care alone, and no specific antidotes exist.
Neuromuscular blocking drugs should be avoided when
anesthetizing these patients.

HYMENOPTERA (BEES, WASPS, AND HORNETS)

Hymenoptera include bees, wasps, hornets, and yellow
jackets. The major symptomatology of hymenoptera enveno-
mation is IgE-mediated histamine release associated with
anaphylactic shock and respiratory failure.

Anaphylaxis is derived from the Greek word ana
meaning backward and phylaxis meaning protection.
Anaphylaxis is currently used to describe rapid, generalized
(often unanticipated) immunologically mediated events that
occur following exposure to foreign substances in previously
sensitized persons involving an antigen-specific IgE-
mediated mechanism. Anaphylactoid reactions describe
those that may be clinically similar to an anaphylaxis reac-
tion but are not mediated by the IgE antibody and not
necessarily requiring prior exposure. The first recorded ana-
phylactic reaction occurred in an Egyptian Pharoah follow-
ing a wasp sting and was found in hieroglyphics from
around 2640 B.C. (47). For a complete review of anaphylaxis,
the reader is referred to Volume 1, Chapter 33.

In contrast to snake, spider, and scorpion envenoma-
tions, death from hymenoptera occurs rapidly with 58% of
fatalities occurring in the first hour (48). Autopsy
reports of hymenoptera sting-induced deaths show that

most result from airway obstruction. Anaphylactic
shock and hypoperfusion is the next most common causative
factor. The honeybee is the most frequently responsible
species of hymenoptera for stings, but the aggressive
yellow jacket may be the most common cause of anaphy-
laxis. The most abundant component of Hymenoptera
venom is mellitin, which promotes red cell lysis and
pigment-induced renal failure. The venom also contains
mast cell degranulation peptide (MCD) that can lead to
MCD and histamine release, and apamin, a neurotoxin
that blocks potassium channels and can cause central
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nervous system (CNS) hyperreactivity, convulsions, and
death (49). Mellitin and phospholipase A2 are the allergens
most responsible for the type 1 hypersensitivity that may
go on to anaphylactic shock. Hypersensitivity from prior
exposure is a critical factor in anaphylactic death from hyme-
noptera envenomation. Indeed, only 2% of deaths from
hymenoptera stings in the United States occurred in children
less than 10 years of age, whereas 50% occurred in individ-
uals greater than 50 years of age (50).

TICK-BORN PARALYSIS

Tick envenomation can (rarely) lead to paralysis. Tick
paralysis occurs when the tick embeds itself into the
victim’s skin and produces a toxin while it engorges. The
toxin affects conduction down the motor neuron, preventing
ACh release at the NMJ (51,52). Weakness from tick-born
paralysis is slow to occur, typically seen two to five days
following the attachment of the tick. The toxin can be
metabolized and removed completely within 24 hours of
tick removal. Tick paralysis has been reported in North
America, Australia, and British Columbia for over two
decades (53). Therapy is mainly supportive, including venti-
latory support and tick removal.

EYE TO THE FUTURE

Botulism toxin (Botoxw) is now used cosmetically by many
seeking a wrinkle-free forehead, or to decrease armpit
perspiration (54). Use of a previously feared toxin in this
way provides a glimpse at the transition modern medicine
has made, from viewing natural animal toxins and venoms
solely as poisonous compounds, to the current recognition
that these molecules can provide specific targeted therapy
applied against numerous previously untreatable conditions.

Scientists working at Abbott Pharmaceuticals are now
studying the Ecuadorian frog “Epipedobates tricolor,” whose
skin contains the alkaloid epibatidine. Epibatidine has been
used as the target molecule to synthesize a new molecule
(ABT-594), which produces analgesia approximately 50
times more potent than morphine when tested against
models of acute and chronic pain. In contrast to morphine,
repeated administration of ABT-594 does not produce an
opioid like abstinence syndrome, nor does it cause respiratory
depression or gastrointestinal symptoms (55).

Ancrod, a protein derived from the venom of the
Malaysian pit viper, has been used in Europe for more
than 25 years in the treatment of vascular disease, and
deep venous thrombosis. Ancrod has also been used
over the last decade to allow patients with HIT to undergo
CPB (56).

Hirudin, a direct thrombin inhibitor, is another natu-
rally occurring protein produced in the salivary glands of
the medicinal leech Hirudo medicinalis. A recombinant
version, Lepirudin (Refludanw, Hoescht Marion Roussel,
Inc., Kansan City, Missouri, U.S.A.) has also been success-
fully used in HIT patients requiring CPB (57).

The stroke treatment with ancrod trial (STAT) studied
the efficacy of this drug in 500 patients with acute ischemic
stroke in 48 centers throughout the United States and
Canada (58). Forty-two percent of patients randomized to
receive Ancrod for 72 hours showed improved functional
status at 90 days, compared to only 34% of the placebo
group. Symptomatic intracranial hemorrhage occurred

twice as frequently in the Ancrod group than in the control
group (5.2% vs. 2%). Subsequent studies have likewise
shown benefit and cost effectiveness (59).

Another promising application of venom proteins is in
the area of anticancer therapy. For example, cobra venom
inhibits the formation of nucleic acids in breast cancer cells
(60). In addition, a protein found in venom of the southern
copperhead snake has been shown to dramatically retard
the growth of breast tumors. The protein, called contortros-
tatin (CN), is purified from the copperhead venom, and
acts by inhibiting the development of new blood vessels
needed to nourish the tumors. CN belongs to a class of pro-
teins known as disintegrins, so named because they disrupt
the function of certain other proteins called integrins (61).
Integrins are located on the surface of cells enabling them
to stick together among other effects. CN is effective in
retarding the spread of tumor cells because it inhibits both
their adhesion to and invasion of normal cells.

Snake venom disintegrins represent a family of RGD
(Arg-Gly-Asp) or KGD (Lys-Gly-Asp)-containing proteins
that also possess antithrombotic properties by virtue of
their antiplatelet activities (62). Recently, a family of homo-
logs of the snake venom metalloproteinases, termed as
ADAM (a disintegrin-like and metalloproteinase) proteins,
have also been shown to interact with integrins, and may
contribute to the development of novel antithrombotic
drugs (62).

The RGD disintegrins have been the most intensively
investigated (63). The RGD disintegrins also show potential
for studying platelet glycoprotein receptors, notably, GPIIb/
IIIa and Ib (64). The snake venom proteins that modulate
platelet adhesive interactions are not only from the metallo-
proteinase-disintegrin family, but they can also involve the
C-type lectin-like family of proteins (65).

The hemostatic plug formation involved in mam-
malian clotting is a complex event mediated by platelets,
subendothelial matrices, and von Willebrand factor (VWF)
at the vascular injury. It has recently been discovered that
botrocetin and bitiscetin from viper venom are disulfide-
linked heterodimers with C-type lectin-like motif, and
modulate VWF to elicit platelet GPIb-binding activity via
the A1 domain of VWF leading to the platelet agglutination
(66). Modulating mechanisms of these venoms are different
from those performed by either antibiotic ristocetin in vitro
(66). The interaction of snake venom on clotting and fibrino-
lysis is becoming increasingly understood.

The snake venom disintegrin CN is able to inhibit
glioma tumor progression and angiogenesis in vivo and
therefore is of considerable interest as a potential antitumor
drug (67). CN specifically binds to certain integrins on the
tumor cell and angiogenic endothelial cell surface and inhi-
bits their interaction with the extracellular matrix, resulting
in blockage of cell motility and invasiveness (67). Intratumor
infusion, or selective arterial infusion, may become clinically
employed in the near future (67).

Small cell lung cancer (SCLC) is another important
malignant disease for which venom-related therapy appears
promising, and current treatment is unsatisfactory. The neur-
onal pentraxin receptor (NPR) is highly and relatively specifi-
cally expressed in SCLC, consistent with the neuroendocrine
features of this tumor (68). Normally, NPR is exclusively
expressed in neurons, where it associates with the neuronal
pentraxins 1 and 2 (NP1 and NP2) which are a target-
binding site of the snake venom neurotoxin taipoxin. A
number of SCLC cell lines have recently shown marked sen-
sitivity to taipoxin at concentrations leaving the control cell
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lines unaffected (68). Taipoxin may soon be used in preclinical
trials of SCLC.

The origin and evolution of snake venom proteins has
recently been evaluated by means of phylogenetic analysis
of the amino acid sequences of the toxins and related nonve-
nom proteins. The snake toxins were shown to have arisen
from recruitment of genes from within the following main
protein families: acetylcholinesterase, ADAM, AVIT, comp-
lement C3, endothelin, factor V, factor X, kallikrein, lectin,
natriuretic peptide, phospholipase A(2), SPla/Ryanodine,
vascular endothelial growth factor, among others (69).
Toxin recruitment events were found to have occurred at
least 24 times in the evolution of snake venom (69). Two of
these toxin derivations result from modifications of existing
salivary proteins rather than gene recruitment events (69).
Proteins which were extensively cysteine cross-linked were
the ones that best flourished into functionally diverse,
novel toxin multigene families (69). All of the snake toxin
types still possess the bioactivity of the ancestral proteins.
Accordingly, the potential exists for a massive amount of
additional work in the realms of both antivenom research,
and of far greater application in the treatment of numerous
malignant and other diseases involving the associated
protein families.

The intensity of interest from the pharmaceutical
industry in developing medicinal and industrial uses of
these naturally lethal substances is immense. Indeed,
Jingmen Kaitai Pharmaceutical Co. Ltd. is a Chinese firm
developed solely for the purpose of producing and
marketing snake venom-derived products.

SUMMARY

Most of the animals’ toxins produce dysfunction at the
NMJ. Acute treatment for NMJ dysfunction is mainly suppor-
tive, with airway management being the key ingredient.
However, certain snake, scorpion, and spider venoms
may also cause systemic tissue destruction and coagulopathy.
In these situations, the administration of antivenom can
become necessary to protect against systemic sequelae, includ-
ing DIC, rhabdomyolysis, renal failure, and cardiotoxicity.

Clinicians should be familiar with the animals in their
region that may lead to envenomation (70). A rational
approach with the use of poison center or medical toxicology
consultation services and the recommendations provided in
this chapter will ensure that cases are managed appropriately.

Medical uses for many of these venoms are being
developed at an ever-increasing rate due to the advancement
of investigative techniques. Thousands of naturally occur-
ring compounds have yet to be discovered or fully character-
ized. Overpopulation and habitat destruction of unique
ecosystems may threaten our ability to identify and syn-
thesize currently available naturally occurring compounds
before they become extinct. The future is bright with
advancement of new therapies for these natural compounds,
but it will brighten further if we can find a global solution to
the problem of habitat destruction.

KEY POINTS

Irrigation of the wound following animal and human
bites is critical, particularly when the injury is located
on the extremity.

In contrast to most wound infections, those emanating
from animal bites usually reflect the oral flora of the
biting animal, rather than the resident skin flora of
the host (2).
The lethality of venoms is predominantly related to the
neurotoxic and/or hemotoxic aspects of the venom.
The key to appropriate treatment of snakebite is prompt
administration of antivenom, when indicated, follow-
ing accurate identification of the snake.
Rattlesnake envenomations characteristically produce
significant local tissue edema and destruction.
Approximately 98% of snake envenomations in the
United States are caused by Viperidae, specifically
from the subfamily Crotalidea or pit vipers, and
include rattlesnakes, massasaugas (pigmy rattle-
snakes), and copperhead and cottonmouth species as
described above.
Signs of progressive swelling, systemic shock, neuro-
logical alteration, or hemorrhagic symptoms should
trigger consideration of antivenom therapy.
Most systemically toxic scorpion envenomations cause
severe intense local pain and hyperesthesia over the
envenomated extremity.
The most important life-sustaining therapy for stings
by foreign scorpions is monitoring of cardiovascular
and pulmonary systems.
Latrodectus venom from the black widow spider is
neurotoxic (alpha latrotoxin) causing muscle spasms,
and a state of psychic stress (sometimes referred to as
“latrodectism”).
The initial bite of the brown recluse spider is painless
and seldom detected, however it is usually progresses
to minor local stinging and pruritis.
Autopsy reports of hymenoptera sting-induced deaths
show that most result from airway obstruction.
Weakness from tick-born paralysis is slow to occur,
typically seen two to five days following the attachment
of the tick.
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INTRODUCTION

Trauma and critically ill patients encounter numerous
foreign antigens during their medical care, by parenteral
exposure (e.g., drugs, blood products, contrast agents, pre-
servatives) or environmental contact (e.g., latex and skin
preparation solutions), as well as through enterally adminis-
tered nutrition and drugs (1). The most common triggers of
anaphylaxis on an outpatient basis include venom (especially
from bee stings), contact with latex and foods (e.g., peanuts,
nuts, fish, shellfish, and dairy products), whereas in perio-
perative settings, neuromuscular blockade (NMB) drugs are
the most common triggers, followed by antibiotics, latex,
and applied skin preparation solutions (1–3).

Anaphylactic reactions are immunoglobulin E (IgE)-
mediated events involving the release of vasoactive sub-
stances from mast cells and basophils following exposure
to an antigen which has been previously administered
to the patient, or to which there is cross-reactivity and
subsequent sensitization. This is also categorized as a Gell
and Coombs type I immediate hypersensitivity reaction (1).

Anaphylactic reactions are the most life threatening of
the unpredictable immune-mediated reactions that can
occur (2).

Anaphylactoid reactions involve histamine release
from mast cells through non-immune-mediated mechanisms.
Anaphylactoid reactions can be very difficult to discern from
an anaphylactic reaction in terms of clinical presentation,
and in many cases diagnostic criteria. In addition, non-
histamine-mediated drug reactions can also cause symptoms
that mimic both anaphylactoid and anaphylactic reactions.
This chapter will address only the histamine-mediated
(anaphylactic and anaphylactoid) reactions.

Critically ill trauma patients are often hemodynami-
cally unstable due to their primary process (e.g., hemor-
rhage, spinal cord injury, sepsis, etc.). In addition, the
concomitant use of anesthetic and sedative drugs can mask
some early findings, and also have the potential to produce
direct effects on the cardiovascular system (e.g., propofol-
induced vasodilation) which further complicates the diagno-
sis of anaphylaxis (1,3).

Clinicians must be able to diagnose and treat the acute
cardiopulmonary collapse associated with anaphylaxis,
identify the likely trigger, then know how to confirm the
diagnosis and prevent further episodes. Studies suggest
nearly one in every 2700 patients experience drug-induced
anaphylaxis (4).

Portier and Richet (5) first used the word anaphylaxis
(ana—against, prophylaxis—protection) to describe the
marked shock and subsequent death that sometimes occurred
in dogs immediately following a second challenge with a
foreign antigen (jellyfish actinotoxin). Since then, significant
progress has been made in understanding immunity (Volume
2, Chapter 52) and the mechanisms of anaphylactic reactions.

Multiple reactions can produce syndromes similar
to anaphylaxis; life-threatening cardiovascular collapse
is treated the same way irrespective of the underlying
pathophysiology (6). The most life-threatening form of an
adverse reaction is anaphylaxis; however, the clinical presen-
tation of reactions assumed to be allergic in origin may in fact
represent different immune and nonimmune responses (1).

This chapter previews the pathophysiology of both
anaphylaxis and nonimmunologic-mediated histamine
release (i.e., anaphylactoid reactions). The various triggers
of these reactions are surveyed, and the fundamental prin-
ciples of diagnosis are provided. Treatment and prophylaxis
are essentially identical, and both entities are reviewed.

PATHOPHYSIOLOGYOFANAPHYLAXIS
IgE Antibody Initiated

Anaphylaxis is triggered following antigen binding to
pre-formed IgE antibodies attached to mast cells and baso-

phils (1). Prior exposure to the antigen or to a substance of
similar structure is needed to produce sensitization, although
an allergic history may be unknown to the patient. On
re-exposure, the antigen binds by bridging two immunospeci-
fic IgE antibodies located on the surfaces of mast cells and
basophils. This triggers the release of a complex series of
inflammatory molecules that produce acute cardiopulmonary
and general systemic dysfunction (1,7,8). The released
mediators produce a symptom complex of bronchospasm
and upper airway edema in the respiratory system, vasodila-
tion and increased capillary permeability in the cardiovas-
cular system, and urticaria in the cutaneous system (1).
Cardiovascular collapse during anaphylaxis results from the
effects of multiple mediators on the heart and vasculature
(1,7). The vasodilation seen clinically can result from a host
of different mediators that interact with vascular endothelium
and/or vascular smooth muscle (1,2).

Mast Cells and Basophils Release Mediators
Mast cells are tissue-fixed granules containing secretory cells
that are distributed preferentially about the microvascular
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endothelium in mucosal and connective tissues. Biochemical
mediators and chemotactic substances (Table 1) are released
systemically during the degranulation of mast cells and
basophils (1,2). These include preformed granules contain-
ing histamine, tryptase, and heparin; cytokines; and lipid-
derived mediators, such as PGD2, leukotriene (LT) B4,
platelet-activating factor, and the cysteinyl leukotrienes
LTC4, LTD4, and LTE4 (1,2). In addition, multiple other
inflammatory pathways contribute to the inflammatory
amplification of anaphylaxis.

Systemic Vasodilation (Occasionally Pulmonary
Vasoconstriction)

Anaphylactic shock is a life-threatening syndrome

produced by multiple inflammatory pathways, including his-
tamine, prostaglandins, and nitric oxide (NO). Vasodi-
latory shock occurs in anaphylaxis in part because of the
inappropriate activation of vasodilator mechanisms. Unre-
gulated NO synthesis activates soluble guanylate cyclase
and produces cGMP, and prostacyclin synthesis which in
turn activates soluble adenylate cyclase generating cAMP,
both compounds cause dephosphorylation of myosin light
chains of smooth muscle and hence vasorelaxation (1,9).

In addition, NO synthesis and metabolic acidosis
activate the potassium channels in the plasma membrane of
vascular smooth muscle. The resulting vascular hyperpolar-
ization prevents calcium from entering the cell. Hence, hypo-
tension and vasodilatation persist, despite catecholamine
therapy (9). Further, histamine binding to H1 receptors
during anaphylaxis also stimulates endothelial cells to
convert L-arginine into NO. The elaboration of NO produces
both arterial and venous dilation, thus contributing to the
shock that occurs during anaphylaxis. Other vasoactive sub-
stances that are released by non-IgE-mediated mechanisms
contribute to shock production by different mechanisms, for
example, protamine-induced acute pulmonary vasoconstric-
tion, and vancomycin-triggered “red man syndrome” (1).

Spectrum of Clinical Presentation
The onset and severity of an anaphylactic reaction relates to
the mediator’s specific end organ effects. Antigenic chal-
lenge in a sensitized individual usually produces immediate
clinical manifestations of anaphylaxis, but the onset may
be delayed 2 to 20 minutes (9). Individuals vary in the

expressions and course of anaphylaxis. A spectrum of reac-
tions exists, ranging from minor clinical changes to acute
cardiopulmonary collapse, leading to death (Table 2) (1).
The enigma of anaphylaxis relates to the unpredictability
in the occurrence and the severity of an attack. The spectrum
of clinical presentations range from an erythematous rash
and mild hypotension and purities following the simple
administration of antibiotics, contrast, or NMB drugs in
otherwise healthy patients, to cardiopulmonary collapse fol-
lowing exposure to these same drugs or even the unexpected
development following the initiation of cardiopulmonary
bypass (10,11).

PATHOPHYSIOLOGYOFANAPHYLACTOID REACTIONS

Other nonimmunologic mechanisms liberate many of the
mediators previously discussed independent of IgE, creating
a clinical syndrome identical to anaphylaxis (1–3,7).
Polymorphonuclear leukocyte (neutrophil) activation can
occur following complement activation by immunologic
(antibody-mediated: IgM, IgG-antigen activation) or nonim-
munologic (heparin–protamine, endotoxin, cardiopulmon-
ary bypass) pathways.

Complement fragments of C3 and C5 (C3a and C5a)
are called anaphylatoxins because they release histamine
from mast cells and basophils, contract smooth muscle,
and increase capillary permeability (12,13). In addition,
C5a interacts with specific high-affinity receptors on white
blood cells and platelets, initiating leukocyte chemotaxins,
aggregation, and activation (14).

Lung injury can occur in anaphylaxis due to leak in

pulmonary capillaries and due to sequestrated leukocytes,
which embolize to the lung. Aggregated leukocytes
can embolize to various organs producing microvascular
occlusion and liberation of inflammatory products including
oxygen-free radicals, lysosomal enzymes, and arachidonic
acid metabolites (i.e., prostaglandins and LTs) (15).

Table 2 Clinical Manifestations of Anaphylaxis

Systems Symptoms Signs

Respiratory Dyspnea,

chest discomfort;

acute respiratory

distress

Coughing, wheezing,

sneezing, laryngeal

edema, decreased

pulmonary compliance,

fulminant

pulmonary edema

Cardiovascular Retrosternal

discomfort

Hypotension, tachycardia,

dysrhythmias,

decreased SVR,

cardiac arrest,

pulmonary

hypertension

Cutaneous Itching, burning Urticaria (hives),

flushing,

periorbital edema,

perioral edema

Neurologic Dizziness,

malaise

Disorientation,

diaphoresis,

loss of

consciousness

Abbreviation: SVR, systemic vascular resistance.

Table 1 Mast Cell-Derived and Basophil-Derived

Mediators of Potential Importance in Anaphylaxis in Humans

Mediators generated Basophils

Mast cells

Lung Skin

Histamine (pg/cell) 1 3–4 3–4

Prostaglandin D2 (pg/cell) ,1 60 60

LT C4 (pg/cell) 60 60 2–3

Platelet-activating factor (pg/cell) ND 1 NDa

Tryptase (pg/cell) ,0.1 10 35

Chymase (pg/cell) 0 0 4.5

Heparin (pg/cell) ,1 4 ND

Chondroitin sulfate (pg/cell) 10 2 ND

aThe production of platelet-activating factor has been detected but has not

been quantified.

Abbreviations: LT, leucotriene; ND, not determined; pg, picograms.

Source: Adapted from Ref. 9.
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Antibodies of the IgG class directed against antigenic
determinants or granulocyte surfaces can also produce
leukocyte aggregation (15). These antibodies are called
leukoagglutinins. Investigators have associated polymor-
phonuclear leukocyte activation in producing the clinical
manifestations of transfusion reactions (15), pulmonary
vasoconstriction following protamine reactions (16), and
transfusion-related acute lung injury (17). Studies have
examined the potential of C5a inhibition by monoclonal
antibodies (pexelizumab) to prevent the adverse effects of
complement generation (17).

Many diverse molecular structures of different agents
administered during the perioperative period can degranu-
late mast cells causing the release of histamine in a dose-
dependent, nonimmunologic fashion (18–23). Intravenous
administration of morphine (18), atracurium (20), and
vancomycin (21) have long been known to release histamine,
producing vasodilation and urticaria along the vein of
administration (18). The cardiovascular effects of histamine
release can usually be treated effectively with intravascular
volume administration and catecholamine titration for
which the responses in different individuals may vary (1).
The newer NMB drugs (e.g., rocuronium and cisatracurium)
are lacking in histamine-releasing effects, but can produce
direct vasodilation and false-positive cutaneous responses
that can confuse allergy testing and interpretation (22,23).
The mechanisms involved in nonimmunologic histamine
release are not well understood but represent degranulation
of mast cells, usually without concomitant histamine
release from basophils. A spectrum of different molecular
structures is known to release histamine (19).

Histamine, tryptase, and LTs are the best charac-
terized molecules released from mast cells. Although
histamine can be assayed in plasma, it is a nonspecific
marker with a short half-life (peaking in 5–10 minutes and
rapidly diminishing 20–30 minutes following release).

Histamine is responsible for bronchoconstriction
and rash, but most important are the cardiovascular
effects. These include tachycardia, due to direct H2 receptor
agonist effects, and indirectly by the release of catechol-
amine. In addition, systemic vasodilation and endothelial
permeability changes contribute to the pathophysiology.
In all there are four histamine receptor subtypes with
specific effects (Table 3).

Tryptase has a longer half-life, but its release is not
specific for anaphylaxis either. We examined the mechan-
isms of nonimmunologic histamine release from human
cutaneous mast cells to understand the mechanisms of
mediator release and to determine whether tryptase
was specific for allergic-mediated activation. We reported
both tryptase and histamine were released by the known
nonimmunologic stimuli. Further, vancomycin- and atracur-
ium-induced histamine release was calcium-dependent.
Phospholipase C and phospholipase A2 inhibitors decreased
vancomycin-induced histamine release, but not calcium
ionophore A23187-induced release. We noted tryptase is
not a specific marker of mast cell activation (e.g., anaphy-
laxis), and signaling mechanisms for mast cell activation
involve activation of phospholipase C and phospholipase
A2 pathways that are also involved in other cellular acti-
vation mechanisms.

SURVEYOF COMMON ANAPHYLACTIC TRIGGERS

Any agent has the potential to produce anaphylaxis.
However, antibiotics, blood products, contrast agents,
environmental exposure (e.g., latex or insect stings), and
foods (e.g., peanuts, nuts, fish, shellfish, and dairy products)
appear to be the agents most often associated. Besides, criti-
cally ill patients receive various pharmacologic and biologic
agents including anesthetic drugs, antibiotics, polypeptides,
and blood products, all of which have the potential to
produce an adverse reaction. The following specific classes
of agents warrant special consideration due to their frequent
use during the perioperative and critical care periods of
treatment.

Intravenous Sedatives and Analgesics
Opioids
Opioids rarely cause anaphylaxis, but several commonly
employed opioids do cause nonimmune-mediated hista-
mine release. Meperidine and morphine are the two
opioids which most commonly cause these anaphylactoid
(nonimmunologic histamine release) reactions (24). Interest-
ingly, histamine release due to opioids appears to be
more common in women (24). In addition, the degree of

Table 3 Histamine Receptor Subtypes

Histamine receptor Predominant locations Actions

H1 Tubero-mammillary nucleus of hypothalamus Responsible for wake up

Cerebral cortex Responsible for wake up

CNS tissue Symptoms and motion sickness

Smooth muscle Vasodilation, bronchoconstriction

Vascular endothelium Separation of endothelial cells, increasing vascular permeability

(responsible for hives); pain and itching due to insect stings;

primary receptors involved in allergic rhinitis

H2 Myocardium Increase HR and contractility

Gastric parietal cells Stimulates gastric acid secretion

H3 CNS tissue and PNS tissue Decreased neurotransmitter release of histamine, as well as

acetylcholine, norepinephrine, and serotonin

H4 Thymus, small intestine, spleen, colon Unknown role

WBCs and bone marrow Stimulates histamine-mediated neutrophil release from bone

marrow

Abbreviations: CNS, central nervous system; HR, heart rate; PNS, peripheral nervous system; WBCs, white blood cells.
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hypotension and tachycardia is related to the magnitude of
histamine release (24). Fentanyl belongs to the phenylpiper-
idine group of opioids and does not cause nonimmonologic
histamine release (24), but there are case reports of
IgE-mediated anaphylaxis due to fentanyl (25).

Sedatives (Benzodiazepines and Dexmedetomidine)
Benzodiazepines are one of the most commonly employed
sedatives in anesthesia and critical care. Although slightly
less likely than opioids to cause anaphylactic shock, benzo-
diazepines do occasionally cause IgE-mediated histamine
release (26). The cremophor EL solvent is responsible
for most of the early anaphylactic reactions associated with
benzodiazepines (27).

Dexmedetomidine is increasingly used as a sedative
in the surgical intensive care unit (SICU). To date, there
have been no case reports of anaphylaxis to this drug.
Dexmedetomidine does not cause histamine release.
Furthermore, a recent study in dogs showed that intrave-
nous (IV) dexmedetomidine completely blocked the hista-
mine-induced bronchoconstriction in that experimental
model (28). Accordingly, patients at risk for anaphylactic
or anaphylactoid reactions, who require sedation for
trauma or critical illness, are good candidates for dexmede-
tomidine use.

Anesthetic Induction Drugs
Propofol, pentothol, etomidate, and ketamine comprise the
most frequently used drugs for the induction of anesthesia.
Although less commonly used as an induction drug than
in the past, thiopental is an important but rare trigger
of anaphylaxis (approximately 1:30,000 administrations)
(29). Diagnosis has been confirmed in numerous patients
with detection of thiopentone-reactive IgE antibodies by a
radioallergosorbent test (RAST), and more recently by the
immuno-CAP-specific IgE blood test (which is more specific
than the RAST) (30).

Propofol is used as both an induction drug for
anesthesia as well as a sedative in critically ill patients.
Initially propofol was prepared with cremophor EL, which
has a significant anaphylaxis risk itself (as described
preceeding in text); accordingly, when anaphylactic reac-
tions to propofol occurred, there was ambiguity regarding
the precise trigger agent (propofol vs. cremophor) (31,32).
Because of the anaphylactic risk of cremophor, propofol is
now formulated in a lipid vehicle containing soybean oil,
egg lecithin, and glycerol with a resultant rate of anaphylaxis
of approximately 1 in 60,000 administrations (33).

Significant allergic reactions to both ketamine and
etomidate are exceedingly rare (29). Etomidate is probably
the most immunologically inert anesthetic drug available;
but there has been one case report of an anaphylactoid
reaction to etomidate (34). In contrast to etomidate, there
have been several case reports of IgE-mediated reactions to
ketamine (35), although still rare compared to propofol
and thiopental.

Neuromuscular Blockade Drugs
NMB drugs are the most common cause of anaphylaxis

occurring during the perioperative period (29). Several
unique molecular features characteristic of NMB drugs
make them potential allergens. All NMB drugs are
functionally divalent and are thus capable of cross-linking

cell-surface IgE and initiating mediator release from mast
cells and basophils without binding or haptenizing to
larger carrier molecules (1). NMBs have also been associated
in epidemiological studies of anesthetic drug-induced
anaphylaxis (29,36,37). Epidemiological data from France
suggest that NMBs are responsible for 62 to 81% of reactions,
depending on the time period evaluated (29). In the United
States, succinylcholine was previously the NMB most
reported; however, in 1996, atracurium and vecuronium
had similar incidences to succinylcholine. In France, where
a national reporting system has been in place since 1985,
rocuronium is the most common cause of anaphylaxis (38).
Rocuronium is also considered the most common NMB
drug to trigger anaphylaxis in Norway. However, other
Scandinavian countries and Australia do not report high
incidences of anaphylaxis with rocuronium.

Levy et al. (20,23) have reported previously that
aminosteroidal compounds besides benzylisoquinoline-
derived agents produce positive weal and flare responses
when injected intradermally. Estimates of anaphylactic/
anaphylactoid reactions in anesthesia vary, but data
suggest that false-positive skin tests overestimate the
incidence of rocuronium-induced anaphylactic reactions.
The differences noted in the incidence of reactions between
the United States, France, various Scandinavian countries,
and Australia, may reflect the potential for false-positive
weal and flare responses.

NMBs can also produce direct vasodilation by
multiple mechanisms, which include calcium channel
block. The false-positive skin tests that were reported to be
biopsy-negative for mast cell degranulation clearly con-
found interpreting skin tests in patients who have had life-
threatening cardiopulmonary collapse. Dilute solutions
of NMBs need to be used when skin testing for potential
allergic reactions to these agents. However, the exact con-
centration that should be used is unclear. As skin-testing
procedures are important in evaluating potential drug
allergies, the threshold for direct vasodilating and false-
positive effects must be determined whenever subjects are
skin-tested for a particular drug.

Local Anesthetics
Anaphylactic reactions to amide local anesthetics such as
lidocaine, prilocaine, bupivicaine, mepivicaine, and ropivi-
caine are rare (29,39,40). The para-aminobenzoic acid
(PABA) metabolite of ester local anesthetics such as
procaine, tetracaine, benzocaine, and so on, is immuno-
reactive and can trigger type I IgE-mediated allergic reac-
tions. The preservative methylparaben also breaks down to
PABA and is thus immunoreactive. Yet, true allergic reac-
tions even to amide local anesthetics account for less than
1% of adverse drug reactions to local anesthetics, and
some authors disagree whether a single, well-documented
case has yet been reported (41). Rather, most reactions invol-
ving local anesthetics are side effects, such as those related to
neurological symptoms resulting from the local anesthetic or
either neurological or cardiovascular symptoms from
epinephrine which is commonly associated, or to reactions
directed at metabisulfate, a common preservative (42).

Despite the exceedingly low likelihood that an IgE-
mediated reaction will occur from a local anesthetic, patients
reporting symptoms consistent with allergy/anaphylaxis
should undergo further evaluation such as skin testing
(42). Furthermore, ester-type local anesthetics should be
avoided in these patients.
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Latex
Latex represents an environmental agent often associ-

ated as an important cause of perioperative anaphylaxis.
Health-care workers, children with spina bifida and urogen-
ital abnormalities, and certain food allergies have also been
recognized in individuals at increased risk for anaphylaxis
to latex (42–48). Brown et al. (45) reported a 24% incidence
of irritant or contact dermatitis and a 12.5% incidence of
latex-specific IgE positivity in anesthesiologists. Of this
group, 10% were clinically asymptomatic although IgE-
positive. A history of atopy was also a significant risk
factor for latex sensitization. Brown suggests that these
individuals are in their early stages of sensitization and
perhaps, by avoiding latex exposure, their progression to
symptomatic disease can be prevented (45). Patients allergic
to bananas, avocados, and kiwis have also been reported to
have antibodies that cross-react with latex (46–48).

Attempts are being made throughout the medical
industry to reduce latex exposure to both health-care
workers and patients. If latex allergy occurs, then strict
avoidance of latex from gloves and other sources needs to
be ensured, following recommendations as reported by
Holzman and Sethna (49). Because latex is such a wide-
spread environmental antigen, this represents a daunting
task. Despite the recognition of latex anaphylaxis, multiple
other agents including antibiotics, induction agents, muscle
relaxants, nonsteroidal antiinflammatory drugs, protamine,
colloid volume expanders, and blood products represent
more etiologic agents often responsible for anaphylaxis in
surgical patients (1).

Antibiotics
Any antibiotic can cause anaphylaxis, however penicillin

is perhaps the most common cause in the general popu-

lation. The precise risk of cross-sensitivity between peni-
cillin and cephalosporins (because of the b-lactam ring that
is shared by both) is unclear, because the literature supports
a wide range of values (29).

Vancomycin is a glycopeptide and often used for peni-
cillin resistance or allergy that can produce hypotension
because of histamine release, and thus must be given
slowly over 30 to 60 minutes as a dilute solution (21). The
histamine-associated hypotension and peripheral shunting
of blood (“red man syndrome”) associated with vancomycin
is of particular concern in patients with certain lesions that
require a baseline elevated systemic vascular resistance
(SVR) and mean arterial pressure for coronary artery and
other organ perfusion (e.g., aortic stenosis, severe coronary
artery disease patients, renovascular hypertension, etc.).

Vancomycin will release some histamine in most
patients; the larger the dose, and faster the infusion rate,
the more severe the histamine release, and the manifes-
tations of decreased SVR, hypotension, and skin erythema.
In some patients, the histamine release following vancomy-
cin infusion is profound, despite infusing over an hour. In
patients with a history of these symptoms to vancomycin,
who requires the drug, pretreatment with antihistamines,
corticosteroids, and a prolonged infusion of at least two
hours per 1 g load is best.

Radiocontrast Media
Radiocontrast media-associated reactions are common,

but not generally thought to be immunologically mediated.
Reactions are classified as mild, moderate, or severe.

The specific mechanisms are incompletely understood,

but generally involve the elaboration of histamine from mast
cells and basophils, and in some cases are mediated by comp-
lement components (50). Reactions are related to the intravas-
cular injection of the hyperosmolar contrast, and are more
severe in patients with more reactive vascular endothelium.

In addition, newer “nonionic/hypoosmolar” prep-
arations are less frequently associated with contrast-
induced reactions (51). These reactions can manifest as
urticaria, facial or laryngeal edema, bronchospasm, hypoten-
sion and tachycardia, or even transient hypertension. Low-
dose epinephrine 0.1 mg IV is initially recommended for
all of these symptoms except for hypertension (Volume 1,
Chapter 16).

Pretreatment with steroids and anti-H1 and anti-H2

drugs has been shown to be successful (52). In addition,
patients with a history of previous radiocontrast media-
associated reaction should be taken off of b-blockers and
angiotensin II converting enzyme (ACE)-inhibitors prior to
contrast administration because both of these drugs can
exacerbate symptoms (53).

Miscellaneous Intravenous Compounds
Protamine is a positively charged molecule derived from the
histone moiety of salmon sperm nuclei, and is used to inacti-
vate heparin by binding to the negative charges on the
heparin molecule. As with vancomycin, IV infusion of prota-
mine can release histamine via a nonimmune-mediated
mechanism (54). However, both IgE- and IgG-mediated
immunologic reactions can also occur with protamine.
Furthermore, these reactions are more common in patients
taking neutral protamine hagedorn (NPH) insulin, and those
with fish allergies (55). Patients with a prior history of anaphy-
lactoid or anaphylactic reactions to protamine should be pre-
treated with steroids and anti-H1 and anti-H2 drugs.

Aprotonin is another compound often used in cardiac
surgery with a risk of allergic reactions, involving both
IgE- and IgG-mediated mechanisms. Aprotonin is a naturally
occurring polybasic protein with serine protease inhibitor
properties (29). Antibiotic-related allergies represent another
important cause of anaphylaxis, and allergies to these are
fully discussed in Volume 2, Chapter 53. Similarly, heparin
can elicit immunologic responses, for example, heparin-
induced thrombocytopenia (see Volume 2, Chapter 55).

Environmental Sources (Food/Hymenoptera
Envenomation)

Stings due to Hymenoptera (wasp and bees; Volume 1,
Chapter 32), drugs, and ingested foods are the leading
known cause of anaphylactic reactions treated in emer-
gency departments (56). It is estimated that there are
30,000 anaphylactic reactions to foods alone treated in U.S.
emergency departments and 150 to 200 deaths each year
(56). Peanuts, tree nuts, fish, and shellfish account for most
severe food-induced anaphylactic reactions. Although allergy
to food represents IgE-mediated hypersensitivity, the
mechanistic details responsible for symptoms of food-
induced anaphylaxis are not completely understood, and in
some cases, symptoms are not seen unless the patient exer-
cises within a few hours of the ingestion (56). The mainstays
of therapy include: (i) educating patients and their caregivers
to strictly avoid food allergens, (ii) to recognize early symp-
toms of anaphylaxis, and (iii) to self-administer injectable epi-
nephrine (discussed subsequently). In addition, clinical trials
are now under way for treating patients with peanut anaphy-
laxis using recombinant humanized anti-IgE antibody
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therapy, and novel immunomodulatory therapies are being
tested in animal models of peanut-induced anaphylaxis.

DIAGNOSIS OFANAPHYLAXIS
Initial Presumptive Diagnosis
The diagnosis of anaphylaxis is initially presumptive and
based upon clinical findings including: (i) cutaneous (rash,
hives, pururitis, etc.), (ii) respiratory (coughing, wheezing,
laryngeal edema, etc.), (iii) cardiovascular collapse (hypoten-
sion, tachycardia), and (iv) neurological (feeling of impend-
ing doom, disorientation, loss of consciousness, etc.), as
summarized in Table 2. Many clinical findings will be less
apparent in critically ill trauma patients located in the oper-
ating room, or in the SICU as they may be receiving seda-
tives, analgesics, or other drugs that alter mental and
cardiovascular states. In addition, many of these patients
have a pre-existing head injury and are unable to complain
of any symptoms. Thus supportive findings are required,
and these include a history of recent administration of a
trigger agent, improvement with epinephrine, and corro-
borative laboratory findings.

Laboratory Findings Supporting Anaphylaxis
The laboratory findings which are most consistently present
following anaphylaxis are elevations in plasma histamine,
serum tryptase, and specific IgE antibodies. Histamine
levels peak in 5 to 10 minutes following the initiation
of an anaphylactic reaction, and begin to quickly decrease
in 20 to 30 minutes. Tryptase is the best marker of
mast cell degranulation but is not diagnostic for anaphy-

laxis. Tryptase is the only protein that is concentrated
selectively in the secretory granules of human mast cells.
Tryptase plasma levels correlate with the clinical severity
of anaphylaxis (57). Tryptase levels peak at about one hour
following initiation of anaphylaxis, and stay elevated
for about 10 to 12 hours before decreasing. Because [beta]-
tryptase is stored in mast-cell-secretory granules, its release
might be more specific for activation than that of [alpha]-
protryptase, which appears to be secreted constitutively (58).

Postmortem measurements of serum tryptase might
be useful in establishing anaphylaxis as the cause of death
in subjects experiencing sudden death of uncertain cause
(59–62). Increased postmortem tryptase levels have been
reported in 12% of otherwise healthy adults who died sud-
denly and in at least 40% of victims of sudden infant death
syndrome (61,63,64). One report found that 40% of infants
with sudden infant death syndrome had increased tryptase
levels but only those in the prone position at death (65).
Buckley et al. (66) observed that 5 (16%) of 32 patients had
abnormally high tryptase levels, reflecting increased b-tryp-
tase (anaphylaxis-specific) levels but no increased a-tryptase
levels (66). Serum for postmortem tryptase levels should be
obtained within 15 hours of death to exclude nonspecific
increases not due to anaphylaxis (60). Our work has also
questioned the specificity of tryptase, however it represents
one of the most reported mediators in anaphylaxis.

The demonstration of IgE antibody to the suspected
agent in serum or skin is also required to confirm the diag-
nosis of anaphylaxis. Serum assays for IgE antibodies are
available for a variety of NMB drugs (Europe only), theo-
poental, and latex. Serum tests can be achieved either by
RAST or by CAP test. The CAP is a fluoroimmunoassay
which is more sensitive than the RAST.

Skin tests are fairly sensitive, but specificity can suffer
for some drugs due to cross-reactivity. Skin tests should be

performed six to eight weeks after a putative anaphylactic
reaction, and be performed by an appropriately trained
allergist.

TREATMENT

Treatment beings with the ABCs of airway maintenance,
ensure breathing, and administer 100% oxygen, support
the circulation with intravascular volume expansion, and
administer epinephrine as needed. Treat the hypotension
and hypoxia that result from vasodilation, increased capil-
lary permeability, and bronchospasm (1,7,22). Table 4 lists
a protocol for management of anaphylaxis in critically ill
patients, with representative doses for a 70 kg adult.
Life-threatening cardiovascular collapse needs full advanced
cardiac life support (ACLS) therapy.

Physiologic Benefits of Epinephrine
Epinephrine in escalating doses is universally rec-

ommended for the acute treatment of anaphylaxis.
However, few randomized controlled clinical trials docu-
menting the benefit of epinephrine in anaphylaxis have
conducted. Accordingly, most treatment recommendations
are based upon clinical observation, interpretation of the
pathophysiology and on animal models (67).

Epinephrine has several physiological effects, which
are theoretically beneficial in the treatment of anaphylaxis

Table 4 Management of Anaphylaxis

Initial therapy Stop administration of antigen

Maintain airway, administer 100% oxygen

Discontinue all sedatives, analgesics, and

vasodilators

Start intravascular volume expansion

Give epinephrine (5–10 mg IV initial bolus with

hypotension, titrate as needed; 0.1–0.5 mg IV

with cardiovascular collapse); for out-of-

hospital arrest, and cases without IV access,

subcutaneous epinephrine 300 mg every 10 to

20 minutes as needed

Vasopressin 0.1–0.5 U/kg IV bolus for

hypotension refractory to epinephrine

Secondary

treatment

Antihistamines: anti-H1—diphenhydramine;

anti-H2—ranitidine 1 mg/kg

Catecholamine infusions (starting doses:

epinephrine 5–10 mg/min norepinephrine

5–10 mg/min, as an infusion, titrated to

desired effects)

Vasopressin infusion at 1–5 U/hr

(if needed above)

Bronchodilators (inhaled albuterol for

bronchospasm)

Corticosteroids (125–250 mg hydrocortisone;

alternately 1–2 g methylprednisolone)

Glucagon 1–5 mg IV, then 5–15 mg/min titrated

to BP and HR (especially for those on

b-blockers)

Airway evaluation (prior to extubation)

Abbreviations: BP, blood pressure; HR, heart rate; IV, intravenous.
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(68): (i) stimulation of a-adrenoceptors increases peripheral
vascular resistance thus improving blood pressure and
coronary perfusion and (ii) stimulation of b1-adrenoceptors
has both positive inotropic and chronotropic cardiac
effects. Stimulation of b2 receptors causes bronchodilation
and increases intracellular cyclic adenosine monophosphate
production in mast cells and basophils, reducing release of
inflammatory mediators, and (iii) angioedema is decreased,
partly through stimulation of Naþ/Kþ ATPase.

The initial dose of epinephrine depends upon
the clinical condition of the patient. In the OR and in the
SICU, epinephrine should be administered in graded doses
based upon the patient’s vital signs as soon as symptoms
of anaphylaxis are recognized. Epinephrine dosing occurs
concomitantly with airway management and fluid resus-
citation maneuvers.

Epinephrine should also be administered in the pre-
hospital setting as soon as possible after the presumptive
diagnosis of anaphylaxis is made. Indeed, most studies
of out-of-hospital anaphylaxis show that patients with
delayed administration of epinephrine did worse than
those with early administration (69,70).

Intramuscular Injection/Use of Auto-Injectors
For patients without intravenous access, intramuscular injec-
tion for epinephrine is now preferable to the subcutaneous
administration, due to the improved absorption via the
intramuscular route (71). Interestingly, epinephrine should
be injected into the anterior thigh to achieve maximum
absorption, because injection into the arm muscles is no
better than the subcutaneous route (72).

Current opinion on prescription of auto-injectors is
divided. Some believe that the auto-injectors are dangerous
and should be distributed only rarely to highly trained
high-risk patients (73). Whereas, the authors and most
others believe that all patients with a prior episode of
major anaphylaxis due to community-acquired allergen
(e.g., bee sting) should be prescribed an auto-injector and
instructed in its proper use. The two most common
auto-injectors are shown in Figure 1.

EpiPen and EpiPen JR (Meridian Medical Technol-
ogies, Columbia, Maryland, U.S.A.), are the most popular
American auto-injectors, whereas AnaPen (Lincoln Medical
Limited, Melton Mowbray, Leicestershire, U.K.) is the most
popular device available in the countries of Europe and
United Kingdom.

These auto-injectors are disposable drug-delivery
systems using a spring-activated, concealed needle.

Auto-injectors were originally developed for the U.S.
military to deliver antidotes to poison gas attacks (Volume 1,
Chapter 38). Subsequently, the same auto-injector system was
used with other drugs as part of the NASA Manned Space
Flight Program. The EpiPen auto-injector was inspired by
the realization that patients experiencing serious allergic reac-
tions may also be fearful of injecting themselves with life-
saving medication, and/or may be incapable of using a con-
ventional syringe. Physicians need to be familiar with these
devices to properly train patients and emergency personnel.

Both EpiPen and EpiPen JR contain 2 mL of epineph-
rine for emergency intramuscular use. Each EpiPen auto-
injector delivers a single dose of 0.3 mg epinephrine injection
USP 1:1000 (0.3 mL) in a sterile solution. Each EpiPen JR
auto-injector delivers a single dose of 0.15 mg epinephrine
injection USP 1:2000 (0.3 mL) in a sterile solution. For
stability purposes, approximately 1.7 mL remains in the

auto-injector after activation and cannot be used. Each
0.3 mL delivered from both the EpiPen and EpiPen JR con-
tains 0.5 mg sodium metabisulfate (a rare but known
allergen) as a preservative. EpiPen JR (white label) is
recommended for children 15 kg or less, whereas the
regular EpiPen (gray label) is recommended for all others.

The EpiPen should be administered as soon as poss-
ible following the initiation of symptoms. A second injection
is recommended if symptoms do not abate within five
minutes. The recommended site for injection is the outer
thigh; however, the anterior thigh (over the quadriceps
muscle) would be suitable as well. Although the device
can be used through clothing, it is recommended to
remove the clothes first providing time and ability allow.

In a recent sting challenge study by Brown et al. (74), the
median total dose of epinephrine (administered by intrave-
nous infusion titrated to the lowest effective rate) was 762 mg
in patients experiencing hypotensive reactions. This is more
than double the standard Epipen dose, and several patients
required substantially more. Accordingly, we recommend
prescribing two Epipen devices to high-risk patients.

In anaphylaxis, the ultimate epinephrine dose and
administration frequency depends on the patient’s condition
(75,76). Rapid and timely intervention with common sense
must be used to treat anaphylaxis effectively. Reactions
may be protracted with persistent hypotension, pulmonary
hypertension and right ventricular dysfunction, lower res-
piratory obstruction, or laryngeal obstruction that persist 5
to 32 hours despite vigorous therapy (75–77).

Special Therapies for Exacerbating Drug Use
Anaphylaxis can be exacerbated by the use of b-blockers, and
these drugs also decrease the effectiveness of epinephrine

Figure 1 Commonly Employed Epinepherine Auto-injectors.

Epipenw (available in the United States) and Anapenw (most

commonly used in Europe and the United Kingdom). Both

auto-injectors come in adult size (0.3mg epinepherine/per

injection) and junior size—for pediatrics (0.15mg epinepherine/
per injection).
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therapy (78). Accordingly, most patients should receive
higher epinephrine dosing in the setting of b blockade. In
addition, atropine and glucagons should be administered
to anaphylactic patients taking b blockade.

Some authors have advocated halving the dosage
of epinephrine in beta-blocked patients owing to the
increased risks associated with unopposed stimulation of
a-adrenoceptors and reflex vagotonic effects, including
bradycardia, hypertension, coronary artery constriction,
and bronchoconstriction (79). The authors believe this is
more of a theoretical concern than real; however, the most
judicious initial epinephrine dosing involves the full
dose with careful monitoring and preparation for sup-
plementation as needed.

Patients taking ACE-inhibitors are at increased risk for
angioedema, and should have these drugs discontinue prior
to the exposure of drugs to which they are partially allergic
to, or those that are known histamine triggers.

Patients on tricyclic antidepressants (TCAs) and mono-
amine oxidase inhibitors (MAOIs) should initially receive a
lower dose of epinephrine. However, epinephrine should not
be withheld—despite the popular misconception that epineph-
rine is contraindicated in patients taking TCAs or MAOIs (80).

The following explanation is intended to clarify
significant confusion existing in the medical literature on
this topic. These include hypertensive crises with sympatho-
mimetic drugs and central excitatory syndromes with
tyramine containing foods (81).

TCAs block the reuptake of norepinephrine, serotonin,
and dopamine at presynaptic nerve terminals. This predis-
poses chronic TCA users to lower blood pressures during
induction of anesthesia or during an allergic reaction.
However, they have an exaggerated response to pressor
agents (direct or indirect). In contrast, MAOIs prevent the
deamination of norepinephrine, serotonin, and dopamine at
the presynaptic nerve terminals (thus additional nor-
epinephrine stores are located at the prejunctional nerve
terminal). This causes an exaggerated response to the admin-
istration of indirect acting sympathomimetics (e.g., ephe-
drine, amphetamines, and meperidine) which can potentially
cause hypertensive crisis. However, direct acting drugs (such
as epinephrine and norepinephrine) will generally not have
an accentuated response.

Cocaine sensitizes the heart to catecholamines (as does
halothane, hypercarbia and thyroidism, hypokalemia, and
hypomagnesiumia). Accordingly, epinephrine must be
used more cautiously in these patients, but should still be
used. Some consider epinephrine in these patients relatively
contraindicated (82). However, in the setting of a true ana-
phylactic reaction, often epinephrine is the only satisfactory
treatment for halting mediator release (increases cAMP in
mast and basophils) as well as provides a and b effects to
support the circulation.

Critically ill patients and those who are deeply
anesthetized undergoing surgical procedures will have an
altered sympathoadrenergic responses to acute anaphylactic
shock, needing earlier intervention with even larger doses of
epinephrine and other catecholamines (76,83).

Other vasopressors such as phenylephrine, norepi-
nephrine, and metaraminol can be added if patients do not
respond to epinephrine alone (84). In this setting, vasopres-
sin is often a good supplemental drug to administer (85).
Novel therapeutic approaches for anaphylactic shock and/
or right ventricular failure are currently under investigation
(86,87). Vasopressin 0.1 to 0.5 U/kg should be used for
anaphylactic cases refractory to epinephrine (Table 4).

Antihistamine and Steroid Therapies
The rationale for administering H1 and H2 blockers is that
both histamine receptors are located on most cells, and
blockade decreases the elaboration of histamine, an inflam-
matory compound with diverse manifestations. Adding H2

blockers to H1 antagonists results in the additional improve-
ment of certain cutaneous outcomes for patients presenting
with acute allergic syndromes (88). There may be some
benefits to H3 and H4 receptor blockade, but commercially
available drugs are not yet FDA approved for these appli-
cations.

Corticosteroid therapy (e.g., hydrocortisone 1–5 mg/ kg)
should be administered as well, to help decrease airway
swelling, to stabilize membranes, and help decrease the
second phase of biphasic or prolonged anaphylaxis (89).

Invasive hemodynamic monitoring including radial
and pulmonary artery catheterization should be employed
when hypotension persists despite therapeutic interventions
listed above. When available, the use of transesophageal
echocardiography in an intubated patient can be extremely
useful in diagnosing the cause of acute or persistent cardio-
vascular dysfunction (Volume 2, Chapter 21). All patients
following anaphylactic reaction should be admitted to an
intensive care unit for 24 hours of monitoring as they may
develop recurrence of manifestations following successful
treatment (1).

PROPHYLAXIS

The anesthesia literature suggests life-threatening hypersen-
sitivity reactions that are more likely to occur in patients
with a history of allergy, atopy, or asthma. However, this
does not make it mandatory to pretreat these patients
with antihistamines and/or corticosteroid because there is
no data in the literature to suggest that pretreatment is effec-
tive for true anaphylactic reactions. Most of the literature on
pretreatment is from studies evaluating patients with pre-
vious radiocontrast media reactions that are nonimmunolo-
gic mechanisms. Although attempts to pretreat patients for
anaphylaxis to latex are growing in clinical practice, there
are no data to support this as an effective preventative
measure. In fact, pretreatment may lull physicians into a
false sense of security. Further, even when large doses of
corticosteroids have been administered, life-threatening
anaphylactic reactions have occurred (1,77). However, in
rare cases where patients with known allergies require life-
saving urgent therapy, prophylaxis with corticosteroids, H1

and H2 blockers, as well as inhaled beta agonists and LT
inhibitors is the best available acute prophylaxis.

EYE TOTHE FUTURE

Hopefully, the future will help us develop specific tests and
new therapeutic methods to prevent or treat life-threatening
adverse drug reactions when they occur. Earlier monitoring
of patients and developing novel methods for vasodilatory
shock and pulmonary vasoconstriction are important thera-
peutic approaches, and novel pharmacologic agents are
needed to treat the acute life-threatening cardiovascular
collapse that occurs. Additionally, because blood products
represent an important cause of anaphylaxis in the critically
ill patient, additional transfusional alternatives to decrease
blood transfusions offer another important approach to
decreasing the potential incidence of anaphylaxis.
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SUMMARY

Almost any drug can produce a life-threatening anaphylactic
reaction. These drugs can produce anaphylaxis via multiple
mechanisms including mast cell/basophil activation by
IgE, complement activation by IgG, and nonimmunologic
mast cell/complement activation. Anaphylactic shock involves
multiple interrelated inflammatory pathways which lead to
vasodilation, hypotension, hypoperfusion, inflammation, and
pulmonary edema. Nonimmunological histamine release is
most common. However, the initial clinical presentation is
indistinguishable from an anaphylactic reaction.

The important initial clinical response involves resus-
citation from anaphylaxis (or anaphylactoid reaction) and
ruling out the other conditions (i.e., cardiogenic shock,
tension pneumothorax, hemothorax, pericardial tamponade,
pulmonary embolus, venous air embolism, septic shock/
SIRS, etc.) with different specific emergency treatments.

Prompt recognition with appropriate therapy (includ-
ing epinephrine, H1 and H2 blockade, corticosteroids,
intravascular fluids, and additional vasopressors if required)
will typically promptly reverse the acute cardiopulmonary
collapse from anaphylaxis.

Epinephrine remains the mainstay of therapy for
anaphylaxis. When an IV line is in place, intravenous epi-
nephrine is favored. However, in situations where IV
access is absent, epinephrine may be administered intramus-
cularly (recently shown superior to subcutaneous admini-
stration). Anaphylactic shock may be complicated by
hypovolemia; accordingly, volume is administered until
stability occurs. Norepinephrine is favored by some in the
presence of sustained vasodilation. Vasopressin has an
important role in vasodilatory shock refractory to standard
pressors (including norepinephrine and phenylephrine)
(90); however, epinephrine should continue to be adminis-
tered concomitantly. Although no bedside diagnostic test
exists for early diagnosis of anaphylaxis, corroborative
studies should be attempted. After employing life-saving
therapy, measure mast cell tryptase to corroborate the
diagnosis of anaphylaxis.

Visit our site AnaphylaxisWeb.com. On the site is a
link to the Food and Drug Administration MedWatch for
information on adverse drug reactions and reporting.
Additional information regarding updated abstracts and a
treatment plan for anaphylaxis, can also be found there.

KEY POINTS

Anaphylactic reactions are the most life threatening of
the unpredictable immune-mediated reactions that
can occur (2).
Anaphylaxis is triggered following antigen binding to
preformed IgE antibodies attached to mast cells and
basophils (1).
Anaphylactic shock is a life-threatening syndrome pro-
duced by multiple inflammatory pathways, including
histamine, prostaglandins, and nitric oxide (NO).
Lung injury can occur in anaphylaxis due to leak in pul-
monary capillaries and due to sequestrated leukocytes,
which embolize to the lung.
Histamine, tryptase and LTs are the best characterized
molecules released from mast cells.
NMB drugs are the most common cause of anaphylaxis
occurring during the perioperative period (29).

Latex represents an environmental agent often associ-
ated as an important cause of perioperative anaphy-
laxis.
Any antibiotic can cause anaphylaxis, however penicil-
lin is perhaps the most common cause in the general
population.
Radiocontrast media-associated reactions are common,
but not generally thought to be immunologically
mediated.
Stings due to Hymenoptera (wasp and bees; Volume 1,
Chapter 32), drugs, and ingested foods are the leading
known cause of anaphylactic reactions treated in emer-
gency departments (56).
Tryptase is the best marker of mast cell degranulation
but is not diagnostic for anaphylaxis.
Epinephrine in escalating doses is universally rec-
ommended for the acute treatment of anaphylaxis.
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INTRODUCTION

Patients suffering from burn and inhalation injuries pose
some of the greatest challenges encountered in medicine.
All aspects of critical care management are involved, includ-
ing resuscitation, wound care, hypermetabolism and the sys-
temic inflammatory response syndrome (SIRS), sepsis, and
the multiple organ dysfunction syndrome (MODS). The
loss of critical barrier functions as well as the resultant altera-
tions in physiology, metabolism, and immunology create
unique dynamics less frequently encountered following
other types of injury. The requirement for multiple surgical
and anesthetic procedures introduces a host of additional
management considerations.

Optimum implementation of modern burn manage-
ment strategies requires a well coordinated multidisciplinary
team effort, including rescue personnel, emergency physicians,
burn surgeons and nurses, anesthesiologists, plastic and recon-
structive surgeons, pulmonologists, infectious disease special-
ists, nutritionists, psychiatrists, occupational therapists,
physical therapists, and social workers, among others.

Although burn injury prevention has become widely
publicized through the American Burn Association and
local fire departments, the number of burn injuries in the
United States remains high at 1.5 million injuries per year
(1). This results in 80,000 hospitalizations, and total annual
costs estimated at two billion dollars, including medical
costs, lost wages, and long-term disability.

Furthermore, burns constitute 20% to 30% of casualties
occurring during disasters and 15% to 20% of injuries
sustained during military conflicts (2). Just as wartime experi-
ences provide insight into civilian practice, our civilian-based
clinical burn experience and research has directly improved
the survival and long-term outcome of our military burn
victims. Because of the integrated research discoveries made

by civilian and military investigators over the past 50 to 60
years, burn mortality continues to decline (3). Patients who
would have surely died, had they been burned just 50 years
ago, survive today with markedly improved functional
status. The current systematic approach to burn management
occurs in phases, as summarized in Table 1.

This comprehensive chapter on burn management
begins with a brief historical review of burn management
that chronicles the important discoveries (most having
occurred over the last century). The currently employed
burn classification systems are described, including descrip-
tions of burn depth and mechanisms of injury. The local and
systemic effects of burn pathophysiology are also reviewed.
Initial evaluation guidelines, emphasizing the important con-
siderations for airway management and fluid resuscitation,
are thoroughly presented. Next, intraoperative anesthetic
considerations are reviewed followed by the technical surgi-
cal considerations of burn debridement, wound coverage,
and grafting (including many newly developed topical debri-
dement agents and synthetic skin coverage options). The
important aspects of nutritional support, hypermetabolism,
analgesia, and special burn wound management adjuncts
(such as specialized beds) are also reviewed. Just as recon-
struction considerations begin at the time of admission, reha-
bilitation planning is initiated at the outset and continues long
after discharge, the fundamentals of which are described. The
Eye to the Future section presents new areas of burn manage-
ment research just on the horizon of the clinical arena.

RECENT HISTORYOF BURNMANAGEMENT

Burns and trauma have plagued mankind since before
recorded history. Indeed, writings found in the Ebers
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papyrus attributed to the Egyptian physician–priest,
Imhotep, vizier of Zoser (ruler of lower Egypt in the third
Dynasty), provided a glimpse of burn management prac-
ticed more than 3600 years ago (4). The ancient Egyptian
papyrus, attributed to Imhotep, described aspects of burn
management which were not dissimilar to medical practices
prevalent in most major American and European hospitals
as recently as 100 to 150 years ago. Indeed, most of
the important developments in burn management have
occurred over the last century, and the discovery of these
concepts will be briefly described.

Over 100 years ago, Dr. Haldor Sneve (5,6), a surgeon
at St. Paul, Minnesota, identified five major determinants of
outcome in burn patients, still considered true today: (i) the
magnitude of the burn, (ii) the importance of immediate
fluid resuscitation, (iii) the utility of skin grafting, (iv) the
importance of infection control, and (v) the hypermetabolic
state, and the importance of nutrition (5,6). Although he
understood the need for fluid repletion, intravenous (IV)
fluid administration devices were infrequently available.
Accordingly, he administered salt solutions by ingestion,
infusion (if available), clysis, and by means of enemas to
prevent shock. He described the use of cutaneous xenografts
from dogs, rabbits, guinea pigs, and chickens.

Sneve was the first to describe the characteristics of
burn wound infections and was also one of the first to
describe sepsis syndrome (see Volume 2, Chapters 47 and
63). In those days, tetanus was an additional serious killer
following burn injury. Sneve also characterized the meta-
bolic exhaustion and muscle wasting of patients who were
successfully resuscitated. It seems Dr. Sneve was a burn
surgeon who practiced 50 years ahead of his time. Many of
his ideas (and techniques) on skin grafting, as well as his

emphasis upon the nutritional and metabolic requirements
following burns, went mainly unrecognized for decades.

Burn care changed little throughout World War I, as
evidenced by a 1919 case report by Drs. Fauntleroy and
Hoagland (7), describing the existing techniques of burn
management utilized in the care of 32 patients with severe
burns sustained in a shipboard coal dust explosion (7).
These patients received aqueous picric acid dressings on
wounds in the field. At the hospital, severe cases received
continuous proctoclysis of a sodium bicarbonate containing
salt solution. Many patients died of burn wounds, and the
survivors were treated with boric acid ointment. Surgeon’s
preference determined whether burn eschar would be deb-
rided or left untouched, “floating upon a bed of pus.”
Areas of deeply infected tissue were treated in various
ways, including open-air desiccation, boric acid ointment,
liquid petrolatum, paraffin, wet dressings, and continuous
irrigation with Dakin’s solution. Dr. Fauntleroy (7) wrote
that his techniques “fostered re-epithelialization of large
areas of skin making the need for skin grafting unnecessary.”
It is unknown how many additional patients might have
been candidates for skin grafting, if they had survived the
initial resuscitation phase (still haphazardly conducted and
incompletely understood at that time).

During the interval between World Wars I and II
(1918–1941), the problem of burn shock began to be
studied by Walter B. Cannon, C. J. Wiggers, and other physi-
ologists, resulting in an increased awareness of the massive
fluid requirements associated with burn injury. Conse-
quently, saline infusions and blood transfusions became
commonplace in the treatment of trauma and burns during
World War II. However, the massive volume of fluid fre-
quently required was still unappreciated by many, as

Table 1 Phases of Modern Burn Care

Phase Time frame Objectives

Initial evaluation and resuscitationa 0–72 hr Emergency ABCDEs during the primary survey

Identify all injuries

Provide accurate fluid resuscitation

Provide effective decompression of extremities and torso

Initiate early enteral nutrition

Initial excision and biological closurea Day 1–day 7 Accurate identification of wounds requiring surgery

Excision of the bulk of full thickness wounds

Provide effective permanent or temporary biological

wound coverage

Definitive wound closurea Day 7–wk 6b Replace temporary wound closures with permanent materials

Achieve definitive closure of physiologically small but

complex wounds (face, hands, feet, genetalia)

Rehabilitation, reconstruction, and

reintegrationc
Day 1–2 yr Initiate early ROM, splinting, and antideformity positioning

With definitive wound closure, progress to active ROM and

strengthening

With initial discharge, initiate scar management program

Foster community reintegration

Be vigilant for symptoms of ASD/PTSD and provide

appropriate support

aIntensive care commonly required during this phase.
bLength of time required will vary with donor site availability and wound complexity.
cProcess intensifies after initial definitive wound closure.

Abbreviations: ABCDEs, airway, breathing, circulation (with hemorrhage control), disability, exposure (with environmental control); ASD, acute stress

disorder; PTSD, posttraumatic stress disorder; ROM, range of motion.

Source: Modified from Ref. 3.

646 Potenza et al.



reflected by the high rate of renal failure in patients
with severe mechanical and thermal injuries (18.6% in 427
unselected autopsied battle casualties who expired in
Army hospitals located in Italy during World War II) (8).

The fluid resuscitation of burn patients improved
during World War II. Early in the war, the first formula to
predict fluid needs on the basis of percentage body surface
area (BSA) burnt was developed by Dr. Henry Harkins,
using a canine model of burn injury. Later, the formula
was refined, using human data obtained by Cope and
Moore (9) at MGH and Finland, Davidson, and Levenson
(10) at Boston City Hospital, as these physicians learned
from the massive numbers of patients tragically burned in
the 1942 Coconut Grove fire.

Empiric burn fluid formulas were further developed at
Parkland and by Artz et al. (11) at the Brooke Army Burn
Center, emphasizing the crystalloid component of fluid
resuscitation and simplifying the logistics of burn patient
resuscitation for the military. During the Korean war, Artz
et al. (12) studied the pathophysiologic response to shock
and increased the recommended fluid requirements, so
that renal failure became a less frequent accompaniment to
burn injuries (13).

Interestingly, once the problem of intravascular volume
repletion for burn resuscitation became better understood,
patients began to survive longer, and other critical but
previously unrecognized problems became apparent. The
importance of inhalational injury in morbidity following
burns is an excellent example, as this life-threatening con-
dition was not well described until the famous trauma
anesthesiologist Henry K. Beecher (14) reported his experi-
ence on airway injuries following the 1942 Coconut Grove
Fire (Boston, Massachusetts). The long-term ramifications of
pulmonary injury, including bronchiectesis, and decreased
vital capacity were similarly first documented at that time
(15). Since then, the use of fiberoptic bronchoscopy (FOB)
and early intubation became the standard of care (16). Fur-
thermore, it became established that inhalation injury signifi-
cantly worsens the morbidity and mortality of patients with
similar BSA burns (17).

Sulfonamides and penicillin became available during
World War II, strikingly decreasing the associated mortality
from burn wound infections (see Volume 2, Chapter 53).
Mafenide acetate, a topical antimicrobial introduced in 1964,
provided another important tool for the reduction in the inci-
dence of invasive burn wound infection and mortality (18).

By the late 1960s and early 1970s, burn wound
exposure versus dressing therapy gave way to early excision
and grafting of deep burns with resultant additional
improvements in morbidity and mortality. Prior to this
time, it was felt imprudent or foolhardy to urgently excise
the burned and devitalized tissues. The combined use of
topical antimicrobial chemotherapy with early burn wound
excision produced a 10-fold reduction in invasive burn
wound sepsis as a cause of inpatient deaths (19).

During the next decade, a variety of synthetic skin repla-
cements were developed. One of the first useful products was
Biobranew (Bertex Pharmaceuticals, Morgantown, West Virgi-
nia, U.S.A.), a semisynthetic bilayer dressing material com-
posed of knitted elastic nylon fabric that is mechanically
bonded to a thin, silastic, semipermeable membrane and
coated with collagen polypeptides. Biobrane was initially
shown to reduce evaporative water loss from burn wounds
by 90% in test animals and thereby prevent wound dehy-
dration (20). Furthermore, it was shown to simplify dressings
and reduce pain in selected partial-thickness burns (21).

Prior to 1980, the standard donor site dressing was
“Scarlet Red” (Kendall Inc., Mansfield, Massachusetts,
U.S.A.). Scarlet Red involved placement of impregnated
fine-mesh gauze dressings which tended to dehydrate and
desiccate the wound surface, causing pain (especially
when the bandages were changed). Biobrane quickly
replaced Scarlet Red as a donor site dressing of choice in
many burn centers, by significantly reducing donor site dis-
comfort and desiccation. Patients also experienced less fluid
accumulation, particularly in the first four to five days
after the placement of the dressing (22). Because of these
improvements, Biobrane, as well as xeroform gauze, has
been regularly used as a donor site dressing at University
of California San Diego for the last 25 years.

The recognition that the commonly employed topical
antimicrobial agents (mafenide and silver sulfdiazine) were
themselves toxic to fibroblasts and keritinocytes (23) and to
host immune cells (including neutrophils and lymphocytes)
(24) further promoted the use of synthetic skin coverage pro-
ducts for noninfected wounds. The search for less toxic
topical agents continues. Currently, numerous and varied
alternative donor and excisional site dressings are employed
in burn centers around the world. The array of dressings
include those based upon glucan, semipermeable dressings,
biologic dressings, biosynthetic dressings, and occlusive
dressings.

The institution of early enteral nutrition marked
another major milestone in the path towards improving
the outcomes following major burns (25). Prior to World
War II, nutritional intake was mainly oral and patients
with large burns did not often survive (because they
could not adequately feed orally). In 1953, Cope described
the sustained hypermetabolism associated with burns and
demonstrated that it was not of thyroidal origin. In the
late 1960s, Artz and Moncrief (26) wrote the first modern
description of the metabolic response to (and nutritional
considerations for) burns. They recommended 50 to 70
kCal/kg/day, and 2 to 3 g of protein/kg/day. At that time
Dudrick (27), at the University of Pennsylvania was empha-
sizing the use of total parenteral nutrition (TPN) in burn
patients due to the perceived difficulties presented by
burn-induced ileus. Curling’s Ulcers and upper gastrointes-
tinal bleeding were at that time common accompaniments
to the management of critically ill burn patients (receiving
only TPN).

Nasojejunal feeding for burn patients was advocated
by Grant et al. (28) in 1983 to address the problem of
burn-associated ileus. This entailed an additional pro-
cedure: if (when) the tubes became dislodged, they would
require repositioning, an often difficult situation in a criti-
cally injured patient, resulting in decreased feeding time
and increased expense. Conventional thought still held
that patients with large burns could not be fed enterally
via the stomach in the early stages of burn treatment. This
misconception remained widespread until 1993, when
John and Wendy Hansbrough (29) demonstrated that
patients with large BSA burns could be successfully fed
continuously via the stomach. Feedings were begun
within hours of admission through standard nasogastric
feeding tubes, and, in so doing, they demonstrated the
ability to maintain adequate caloric needs, inhibit the
onset of gastrointestinal ileus, and decrease the likelihood
of gastrointestinal hemorrhage when feeds were started
on admission to the burn center (29). We have continued
this practice at our center and enterally feed our burn
patients throughout the operative period with distal tubes,
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without any increase in aspiration noted in intubated
patients (discussed further below).

The final important contribution to burn management
occurring in the last century is the recognition that people do
best what they do often. To this end, the development of
regional burn centers has positively impacted the care of
the thermally injured patient. The establishment of the 137
currently active burn centers in the United States and the
27 burn facilities in Canada has served to concentrate the
aggregate wisdom and experience of skilled burn surgeons
and nurses in institutions that care for the sickest burn
patients. Because of the demonstrated improved outcome,
patients with major burns should be transported to these
centers as soon as possible following burn injury.

As a direct result of these collective developments,
mortality has decreased to the current overall inhospital
rate of 4% (1). Ryan et al. (30) performed an elegant analysis,
identifying three major risk factors affecting the probability
of death from burn injuries: (i) age greater than 60, (ii) BSA
burn greater than 40%, and (iii) the presence of smoke inha-
lation. Taking all burn sizes together, in the absence of any of
these three risk factors, the mortality rate is 0.3%. The pre-
sence of one risk factor raises the mortality rate to 3%; two
risk factors raises mortality to 33%; the presence of all
three risk factors raises mortality to 90%. Although overall
mortality is lower in children, increasing BSA burns and
inhalation injuries also increase the age-adjusted mortality
in this population as well (31).

CLASSIFICATION OF BURN INJURYANDTRIAGE CRITERIA
Skin Histology and Terminology

The skin consists of two distinct layers, the epidermis
and the dermis, each derived from a different embryologic
tissue type. The subcutaneous tissue resides immediately
beneath the two primary layers of skin. The outer layer
of skin (the epidermis) consists of stratified squamous kera-
tinizing epithelium and is derived from ectoderm (Fig. 1).
The epidermis contains no blood vessels and is nourished
entirely from tissue fluid emanating from the inner
(deeper) vascularized skin tissue known as the dermis. The
dermis is derived from mesoderm and contains the nutri-
ent-providing blood vessels. Each of the two primary
layers of skin has structurally distinct sublayers with differ-
ing cellular maturity and distribution (32).

The epidermis is bound to the dermis by a basement
membrane of variable thickness (0.5–3.5 mm) depending
upon the anatomic location on the body. The epidermis is
comprised of four layers. Beginning at the basement mem-
brane, the innermost layer (the stratum basale) is comprised
of germinal cells. The following layers are the stratum spino-
sum and the stratum granulosum. The outer layer, the
stratum corneum, is comprised of keratinized epithelial
cells, an essentially desiccated and protective outermost layer.

The dermis consists of two less distinct layers that
merge into each other and incorporate a variety of associ-
ated specialized structures, referred to collectively as the

Figure 1 Cross-section of normal human skin. The histologically distinct layers of skin comprising the epidermis, dermis, and

subcutaneous structures are labeled on the right-hand side of the figure. Many of the numerous special anatomic structures and skin

appendages (e.g., hair follicles, sweat glands, etc.) are also depicted. Drawing by John Marquis Converse (1909–1981) and Varaztad

Hovhannes Kazanjian (1879–1974).
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skin appendages (e.g., nerve endings, sebaceous glands,
sweat glands). The skin appendages act as growth centers
for re-epithelialization, following partial thickness burns
(described below). The thinner outer layer of the dermis,
the papillary layer is composed of loose connective tissue.
The thicker deeper layer of the dermis is called the reticular
layer, because its layers of collagen are arranged in a net-
like fashion.

Below the reticular layer of the dermis is the subcu-
taneous tissue, which comprises loose, areolar tissue con-
taining adipose and connective tissue. Irregularly spaced
bundles of collagen fibers anchor the dermis to the subcu-
taneous tissue. The subcutaneous tissue permits skin over
most of the body to have considerable latitude of movement.

The blood supply to the skin is arranged as a flat
network of arteries and veins in the subcuticular tissue
immediately below the dermis, called the rete cutaneum.
Vascular branches from the rete cutaneum pass both
deeply to nourish the fat cells and superficially to supply
the dermis. The thinner and more superficial papillary
layer of the dermis has the most abundant capillary
network. The capillary beds of the skin are mainly confined
to areas where their nourishment is needed: (i) immediately
under the continuously growing and replenishing epider-
mis, (ii) surrounding the hair follicles, and (iii) surrounding
sweat and sebaceous glands.

Skin covering the palms of the hands and the soles of
the feet has a thicker layer of stratified keratinized epithelial
cells in the epidermis. The rest of the body has a similar
thickness of epidermis. However, the dermis varies in
depth over the body, being thicker on extensor surfaces
and over the shoulder and back. (These areas tend to bleed
more during tangential excision.) The dermis is also
thicker under the soles of the feet and palms of the hands.

Burn Depth Classified by Degree
The depth of burn injury is classified by “degree.” First-
degree (also known as superficial) burns describe an injury
to the outermost layer of the skin, the epidermis (Fig. 2A).
The red cooked lobster appearance of a sunburn classically
demonstrates this injury. Though extremely painful and
likely contributing to future cutaneous appearance of aging
and increasing skin cancer risk, these superficial burns
usually do not result in any immediate significant physio-
logic consequences. As a result, these burns are not incorpor-
ated into calculations of BSA of burn injury, as they do not
significantly impact on fluid resuscitation or mortality
rates. With superficial (e.g., simple sunburns) burn, the
skin appears red, mildly edematous but intact without blis-
tering (Table 2). Pain and warmth may be present for two to
three days. Within 7 to 10 days, the epithelium may peel,
leaving an intact epidermis beneath, but there is no residual
scarring. Treatment is symptomatic with moisturizers and
analgesics as needed. Education and prevention, as always,
are extremely important (33).

Partial thickness (second-degree) burns involve injury
to the epidermis and a portion of but not the entire dermis
(Fig. 2B). Second-degree burns vary greatly in their clinical
appearance, depending on the depth of injury. The

depth of burn injury to the dermis directly correlates with
the time required for complete healing to occur, as well as
with the risk for residual scarring. Accordingly, partial
thickness burns are subdivided into three types: superficial
(burn to the level of the basement membrane), moderate
(burn to papillary layer), and deep (entire reticular layer

and above, but not extending into the deeper subcutaneous
tissues). Plasma from damaged and leaky capillaries
accumulates under injured epidermis, resulting in fluid-
filled blisters. When superficial, the underlying wound bed
is typically pink, moist, and very painful. Deep partial thick-
ness burns appear white and dry like a full thickness burn.

In superficial partial thickness burns, the wound
re-epithelializes from cells lining the adnexa (dermal
appendages, hair follicles, and sweat glands) and by ingrowth
from the periphery. At this depth of injury, these appendages
remain vital and intact, and healing can occur as long as the
patient remains hemodynamically stable, and wound desic-
cation and infection are prevented. Wounds that heal within
two weeks typically have minimal scarring.

Deeper partial thickness wounds take longer to re-
epithelialize due to injured dermal appendages deeper in
the skin. Some deeper partial thickness wounds require
excision and skin grafting to expedite wound closure and
lessen the degree of hypertrophic scarring that results from
a prolonged healing time. Second-degree burns vary
greatly in their clinical appearance, depending on the
depth of injury.

Third-degree or full thickness burns involve injury to
the entirety of the epidermis and dermis (Fig. 2C). Because
all the dermal appendages are destroyed, these burns can
only heal by cicatricial wound contraction, a degree of
epithelialization from the viable edges or by the excision of
the eschar and closure with skin grafts. These wounds are
classically described as appearing dry, leathery, and insen-
sate to light touch. Initially, some of these wounds may
present with a punctuate hemorrhagic appearance that is
purple or cherry red in color. Deep burns can be differen-
tiated from more superficial wounding by textural and
perfusion differences; deep full thickness burns feel
“plastic-like,” and are focally nonblanching.

The third-degree characteristics can be difficult to dis-
tinguish early on but, given a little bit of time with topical
antimicrobials or enzymatic debriding agents, a leathery
appearance usually manifests. The experienced eye learns
to distinguish these areas earlier, following presentation.
Full thickness scald burns can be difficult to initially categor-
ize with regard to depth and extent of injury, as they may
seem somewhat moist on initial presentation and may also
have a “cherry red” nonblanching color due to hemosiderin
deposition from lysed red blood cells within the skin. Again,
time and experience will tell. Newer modalities for the
evaluation of depth of injury are being used in many
centers with various degrees of benefit (e.g., laser flow
Doppler, etc.) (34).

Fourth-degree burns are full thickness burns also
involving structures deep to the dermis, including subcu-
taneous tissue, fascia, muscle, or bone. These burns result
from extended exposure to substances usually causing
third-degree burns. Fourth-degree burns to an extremity,
will almost always result in a compartment syndrome and
often require amputation of the affected portion of the extre-
mity, even if early fasciotomies are performed. Without
amputation of clearly dead and charred tissue, gangrene,
systemic sepsis, and death can occur. Skin grafts are
usually inadequate coverage; these burns require extensive
reconstruction, following debridement/amputation.

Burn Injury Classified by Mechanism
Burns can be classified according to their mechanism of injury
(Table 3). Thermal burns, the most common type, can be
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further subclassified into scalds, flame, contact, flash, and
electrical burns. Chemical burns are not necessarily thermal
and are categorized as their own entity. Many of the nonther-
mal sources of burns (e.g., acids, caustic chemicals) can result
in disability, disfigurement, and the need for skin grafting or
temporary coverage, similar to thermal burns (Table 3).

Scald Burns
Scalds are the most common cause of burns (35). Scald burns
can be caused by a variety of different substances most com-
monly liquids, grease, and tar. The mechanism of injury,
such as spill versus immersion, can help predict the burn
depth. Immersion scalds are usually deep burns and cover

Figure 2 Cross-sections of burned skin, showing (A) superficial partial thickness, (B) deep partial thickness, and (C) full thickness

burns. The histologically distinct layers of skin comprising the epidermis, dermis, and subcutaneous structures are shown on the

right-hand side of the figure. Some of the special anatomic structures of skin are also labeled. In the case of partial thickness burns

(A) and (B), the skin appendages (e.g., hair follicles, sweat glands) act as epidermal buds and repopulate the skin surface with epithelial cells

in growth when healing occurs by nonoperative measures. In the full thickness burned skin (C), all of the special appendages have been

destroyed, and healing cannot occur over large areas without grafting. The wound depth in terms of degree is labeled on (A) and (C) with

fourth-degree burns (not shown) involving structures deep to the subcutaneous tissues such as fascia, muscle, and bone.

650 Potenza et al.



larger surface areas. Although the water temperature may
not be as hot, the duration of contact is longer with immer-
sions. Areas covered with clothing retain heat and maintain
contact longer causing deeper burns, whereas exposed areas
generally sustain less severe injury. These burns usually
occur in infants and elderly patients with thin skin. Deliber-
ate scald burns are a common cause of child abuse (Fig. 3).
Physicians must determine if the burn injury is consistent
with the history provided and report cases of possible
child abuse.

Skin can tolerate temperatures up to 1048F for
extended periods of time before irreversible damage
occurs. Boiling water (2108F) or hot soup (140–2108F)
usually create deep burns. Scald burns with grease and oil
are extremely hot, with temperatures often ranging in the
350–4008F. These substances are more viscous, resulting
in a thicker layer of high heat content material on the skin,
thus having longer contact times and imparting more heat
per unit time. These properties of grease and oil cause
very deep burns usually requiring surgery. Liquid tar
is also a very hot and viscous substance, in the range of
400–5008F and is very adherent, resulting in extended
contact times. Initial evaluation is complicated because of
the difficulty in removing the adherent tar. Initial therapy
is aimed at stopping the burn progression by applying
cold-water lavage. Tar can be removed by applying
mineral oil or petroleum-based ointments. Once removed,
the burns invariably attain full thickness, and early excision
is recommended.

Flame Burns
The second most common type of thermal injury is the flame
burn. House fires account for 75% of all burn deaths (36). The
significant death rate from house fires results from large
areas of deep burns and associated inhalation injury. Many
house fires result from alcohol intoxication and careless
smoking. The improper use of flammable liquids (such as
gasoline) is a common cause of fires, resulting in very deep
burns. Inhalation injuries significantly increase the morbid-
ity of a burn and are described in detail below (33).

Contact Burns
Contact burns result from direct contact with hot solid
objects, including metal, plastic, and glass. These burns are
usually very deep but limited in extent (33). Contact burns
are common in children under four years of age, who
touch hot objects in the kitchen, such as a stove top, resulting
in palm burns. These burns are usually small enough to heal
by contracture but can lead to permanent disability. Victims
of motor vehicle accidents or unconscious patients may
develop fourth-degree burns, if in contact with hot objects
(such as, an engine block or exhaust pipe) for an extended
period of time.

Flash Burns
Flash burns result from explosions of flammable liquids, gas,
or powders, causing intense heat for a brief time period (37).
Common flammable sources of flash burns include natural
gas, propane, and gasoline. In flash burns, cloths are
usually protective unless they ignite. As a result, these
burns cause large BSA burns on exposed skin. However,
flash burns are usually superficial in depth and heal
without surgery.

Electrical Burns
Approximately, 3000 electrical burns and lightning injuries
are admitted to burn units annually. Forty percent of electri-
cal injuries are fatal, resulting in over 1000 deaths per year
(38). Electrical burn severity is determined by multiple
characteristics of the source, including voltage, current,
and resistance.

Electrical injuries are classified by voltage. Low-
voltage injuries, resulting in contact with less than 1000 V
are generally minor in terms of both local systemic symp-
toms. High-voltage injuries from contact with greater than
1000 V require intensive care unit (ICU) monitoring and
management. Electrical burns can cause fourth-degree
burns with initially minimal external evidence of injury
other than at the electricity entrance and exit sites. Elec-
trical burns can be more difficult to assess and treat than

flame burns, because the tissue injury is often greater than

Table 2 Burn Classification Based upon Depth of Injury to Dermis and Underlying Structures

Burn class Depth/structures injured Clinical description/examples

Superficial

(first-degree)

Superficial,

only the epidermis involved

Skin is erythematous and painful. Examples

include mild sunburns (without blistering),

light scalds (without blistering), and

light flash injuries

Partial thickness

(second-degree)

Destruction of epidermis and

injury to dermis (not extending

to subcutaneous tissue)

Skin is moist, erythematous, and very painful,

and blisters are seen. Extent of injury to

dermis can vary. Subdivided into superficial,

moderate, and deep partial thickness. Exposure,

desiccation, or infection can result in burn

depth progression to full thickness

Full thickness

(third-degree)

Extensive damage involving

all layers of the dermis

Skin may be white blanched appearance following

scald or charred and leathery following a

flame burn. Skin is not painful to light touch

Full thickness þ

(fourth-degree)

Involves underlying subcutaneous

tissue, fascia, muscle, tendons,

bone (as well as the full thickness

of skin, if external burn source)

May not be able to tell precise depth till in the

operating room. Complete excision to viable

tissue is required. Often requires early amputation.

Seen following prolonged contact burns, and

from electrical injury
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is apparent on the surface. Additionally, cardiac compli-
cations are commonly associated with electrical burns.

Associated trauma from being jolted and thrown back
or due to falling from heights are not uncommon. Electrical

current passing through the chest can cause ventricular
fibrillation and cardiac arrest. Other rhythm disturbances
include sinus tachycardia and nonspecific ST-T wave
changes.

Table 3 Burns and Other Skin-Related Injuries Classified by Mechanism of Burn/Injury

Mechanism Description/comments

Thermal Scalds, hot liquids, and bitumen (e.g., hot tar) are the most common sources. Flame,

burns often associated with inhalation injury. Flash burns are usually less deep

Electrical Electricity conducts via path of least resistance (nerves, blood vessels, and muscles)

heats structures located between the entrance and exit wounds, generally sparing

the skin except at contact points. Internal injury often far worse than reflected by

external appearance. Compartment syndrome (may require fasciotomy),

rhabdomyolysis (may cause renal failure), and paralysis (nerve injury)

may result

Chemical Acids, alkalis, petroleum products are most common sources. Duration of contact

affects depth of burn, thus lavage with cool water is the most important first aid

Radiation Sunburn, therapeutic radiation, and nuclear exposure are the common sources

Inhalation Associated with flame burns and chemical exposure. Typically, combination of

carbon monoxide, other toxic gases, soot (particulate matter from the burn), and

rarely thermal injury (e.g., inhalation of steam)

Frostbite Tissue freezing and intracellular ice crystal formation, and microvascular

thrombosis result in tissue hypoxia and cell death. Reperfusion can cause 28
tissue damage as well. Hypothermia (Volume 1, Chapter 40), a common

associated condition

Pressure (decubitus

ulcers)

Decubitus ulcers may be classified as partial thickness or full thickness. These often

become secondarily infected, requiring debridement. Small full thickness decu-

biti can be debrided and closed over time, using a wound VAC. Large areas

require skin grafting or flap closure

EM Acute inflammatory cutaneous and mucocutaneous disorder of immunologic origin.

EM-minor: minimal skin lesion and mucosal involvement. EM-major:

(previously Steven–Johnson syndrome): widespread mucosal and cutaneous

involvement, along with systemic symptoms. Immune mediated hypersensitivity

from a variety of antigens including HSV, mycoplasma, and drugs (e.g.,

sulfonamides, penicillins, phentoin, nitrofurantoin, phenobarbital, valproate,

phenothalein, NSAIDs, etc.)

TEN Histopathologically vacuolar changes occur in the basal cell layer of the dermis,

resulting in subepidermal cleavage and extensive necrosis of the epidermis, only

sparse involvement of the dermis occurs. Clinically, there is widespread

epidermal necrosis, skin sloughing, and fluid losses. Etiologies include:

EM-major (see above), graft versus host disease, neoplasia

Pemphigus Autoimmune skin blistering disorder to antibodies attacking proteins that normally

bind skin cells together. Three subtypes: paraneoplastic, P. Vulgaris, and

P. Foliaceus

SSSS Exotoxin secreted by virulent staph (phage group-II) causes cleavage of the

superficial dermis (granular layer), resulting in widespread skin sloughing and

massive fluid loss

Purpura fulminans A severe complication of meningococcal sepsis, typically occurring in children.

Associated with an acute decrease in activated protein C (see Volume 2,

Chapter 47). Multiple infarcts in various organs and distal extremities, results

in permanent disfiguration

Necrotizing fasciitis Often begins as an abscess, involves the full thickness of the skin in the area of the

initial lesion with progression along fascial planes deep to the skin. Group A

hemolytic streptococci and Staphylococcus aureus, in synergism with other

aerobic and anaerobic pathogens are typically present, including Bacteroides

fragilis, Clostridium perfringes, Peptostreptococcus, Enterobacteriaceae,

coliforms, Proteus Pseudomonas, and Klebsiella. Vibrio vulnificus may be seen

in cirrhotics

Invenomation Venomous snakes, insects, and scorpions cause local tissue destruction equivalent

to a full thickness burn (see Volume 1, Chapter 32)
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High-voltage injuries of the extremities cause signifi-
cant destruction of deeper tissues (including nerve, muscle,
and tendon) and therefore have an increased risk of compart-
ment syndrome. A high index of suspicion, close monitoring
with serial clinical exams, and measurement of compartment
pressures (if neurovascular exam or firmness of the compart-
ments warrant) constitute the necessary management strat-
egy to diagnose compartment syndrome before tissue loss
occurs. Signs of compartment syndrome include a firm
muscle compartment and loss of sensory and motor func-
tion. Loss of Doppler signals is a late sign of compartment
syndrome. Fasciotomies of all involved compartments are
the required treatment to prevent permanent muscle,
nerve, and vascular loss. Despite aggressive treatment,
the amputation rate is as high as 30% to 40% in severe inju-
ries. The presence of myoglobinuria usually indicates sig-
nificant muscle damage and may lead to renal failure.
Treatment is hydration, osmotic diuresis, and alkalinization
of the urine.

Tissue injury from the intense heat associated with elec-
trical injury results in classic “entrance” and “exit” wounds.
These are often associated surface area burns from clothes
catching fire. The entrance/exit wounds are deep leathery
wounds with tissue necrosis often to the bone (which con-
ducts heat efficiently). The tissue injury extends away from
the entrance wound in deep planes adjacent to bone even
when the overlying skin may look relatively uninjured. Pro-
gressive muscle necrosis from arachidonic acid metabolites
and progressive ischemia from thrombosed vessels can
occur, such that the injured muscle may not appear necrotic
at the initial debridement. Serial debridements can be
required to reveal the extent of injury.

Resuscitation fluid requirements can only be grossly
predicted, using formulas based upon surface area burned,
because the extent of tissue injury generally exceeds that
which is apparent on the surface. The target urine output,
as an endpoint of resuscitation, should be higher following
electrical burns (in the range of .1 mL/kg/hr) to minimize
renal failure from myoglobinuria. If the urine fails to clear
with aggressive fluid administration, the osmotic diuretic
mannitol and sodium bicarbonate are given to minimize
pigment deposition in the renal tubules.

Repeated surgical procedures are indicated until the
remaining muscle is clinically viable, followed by prompt
closure with flaps as necessary to cover exposed bone,
tendon, nerves, and vessels. Associated late complications
include altered mental status, cataracts, paresis, decreased
sensation, delayed neurologic symptoms secondary to per-
ipheral neuropathy, and cord damage with paralysis.
Injury to abdominal organs can occur secondary to vascular
thrombosis and subsequent ischemia or local heat-induced
injury.

High-voltage electrical burns affect the heart by
causing direct necrosis of the myocardium, resulting in
cardiac arrest or by disrupting the conduction system, result-
ing in dysrhythmias. Ventricular fibrillation is the most
common cause of death at the scene. Documented dysrhyth-
mias occur approximately 15% of the time, most commonly
atrial fibrillation (39). Cardiac contusion can also occur sec-
ondary to electrical injury, therefore, cardiac monitoring is
essential. Other common rhythm disturbances include
sinus tachycardia and nonspecific ST-T wave changes.

Low-voltage injuries can also be associated with
cardiac dysrhythmias, including ventricular fibrillation but,
if the electrocardiogram remains normal after several hours
of observation and the tissue injury is minor, routine admis-
sion is not necessary. Low-voltage injury can, however, cause
devastating tissue injuries as is evident with electrical cord
injuries. Classically, a child places a “live” electrical cord in
the mouth resulting in a full thickness loss of lip tissue and
oral commissure, and 20% of these patients develop
delayed hemorrhage from the labial artery two to three
weeks postinjury.

Chemical Burns
In the United States, 25,000 to 100,000 chemical burns occur
annually, with less than 1% mortality and 1% morbidity
(40). Chemical burns are usually the result of industrial acci-
dents involving harsh solvents or cleaners, or suicide
attempts and assault. These burns cause continuous
damage until the chemicals are removed from the skin.
Most acid burns produce coagulation necrosis by denatur-
ing proteins in the skin and forming an eschar that limits
further penetration. Alkali chemical burns cause deeper
injuries by producing liquefactive necrosis that denatures
proteins and saponifies fats, leading to further tissue pen-
etration. Hydrofluoric acid, commonly found in rust remov-
ers, tire and tile cleaners, and fertilizer manufacturing, is
one acid that burns by liquefactive necrosis, thereby creat-
ing severe burns. Concentrated solutions of hydrofluoric
acid can cause immediate symptoms; less concentrated
solutions may develop delayed symptoms and must be fol-
lowed. Topical or IV calcium is the treatment for hydrofluo-
ric acid burns and usually results in immediate resolution of
pain. Multiple other acidic agents commonly found in
cleaning supplies include sulfuric acid, phosphoric acid,
formic acid, and acetic acid. Alkaline compounds com-
monly found in cleaning products include sodium hydrox-
ide, potassium hydroxide, sodium hypochlorite, calcium
hypochlorite, ammonia, and phosphates. Of the oxidant
products, bleaches and peroxides can cause significant
damage at higher concentrations. Many of these chemical
agents can also cause inhalation injury, and those victims
found in an enclosed space should be suspected of having
pulmonary involvement. Overall, the treatment of chemical
burns is to decontaminate the skin as soon as possible and to
provide supportive care and pain control.

Figure 3 Intentional scald burn in a 7-month-old girl. This

patient suffered a 70% body surface area burn—only head and

upper anterior chest spared. Note intraosseous line in right

proximal tibia, left lip pulse oximiter probe.
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Other Skin-Related Conditions
Besides the common thermal, electrical, and chemical burns
described above, a number of other desquamating skin con-
ditions can lead to a burn-like state. The most common ones
are listed in Table 3. Some of these relate to thermal (e.g., frost-
bite) and some others to nonthermal mechanisms of direct
skin trauma (e.g., pressure ulcers, compartment syndrome),
and others result from infectious, immunologic, and other sys-
temic causes. Frostbite (see also Volume 1, Chapters 29 and 40)
can result in many levels of injury; with severe and or pro-
longed cold temperatures, the equivalence of fourth-degree
burns result. Compartment syndromes (see also Volume 1,
Chapter 29) are often associated with rhabdomyolysis.

American Burn AssociationTriage Criteria
for Burn Center Referral
Criteria for the transfer of patients to specialized burn
centers have been established by the American Burns
Association (ABA) and the American College of Surgeons
(ACS) (Table 4) (41). The extent of injury is determined by
both the surface area, depth, and location of the burn
wound, as well as the presence of associated smoke inhala-
tion, other trauma, and the patient’s preinjury status.

Patients fitting the criteria for transfer to a burn center

include those with .10% total BSA second-degree burns,

the presence of third-degree burns, smoke inhalation,
burns involving cosmetic or functional areas (face,
hands, genitalia), coexisting trauma, and significant
medical conditions.

PATHOPHYSIOLOGYOF BURN INJURY
Local Response
Three concentric zones of tissue injury occur after a full
thickness thermal burn. These are the zones coagulation,
stasis, and hyperemia. The area in direct contact with the
heat source is the zone coagulation, resulting in a region of
irreversible coagulation necrosis. This area appears white,
leather-like, or charred. The area surrounding this region is
the zone of stasis and presents with sluggish tissue per-
fusion. This zone is injured but not destroyed, representing
an ischemic penumbra; therefore, it is essential to prevent
hypotension, infection, and edema to ensure that this
area does not receive decreased blood flow and progresses
to complete tissue loss. The outer zone of hyperemia
has increased tissue perfusion due to locally released
inflammatory mediators, resulting in a red hyperemic
appearance. This area will usually heal, if no further
injury occurs (33).

Table 4 American Burn Association Criteria for Transfer to Burn Center

Category Number Transfer/triage criterion

Dangerous burn size, depth or

anatomic location

1 Partial thickness burns .10% TBSA in patients aged

under 10 or over 50

2 Partial thickness burns .20% TBSA in patients

between the ages of 10 and 50

3 Full thickness burns .5% TBSA (any age)

4 Partial or full thickness burns of the face, eyes, ears,

perineum, genitalia, hands, feet, and/or major

joints

Nonthermal mechanism 5 High-voltage electrical injuries (including lightning

injuries)

6 Burns from caustic chemicals

7 Inhalation injury

Associated trauma 8 Patients with burns and concomitant trauma (e.g.,

fractures) in which the burn injury poses the

greatest risk of morbidity or mortality

If the trauma poses the greater immediate risk, the

patient may be treated initially in a trauma center

until stable before being transferred to a burn

center

Physician judgment will be necessary in such situ-

ations and should be in concert with the regional

medical control plan and triage protocols

Associated medical disorders 9 Patients with significant ongoing medical disorders

that could complicate management, prolong

recovery, or affect mortality

Pediatric specialists 10 Hospitals without qualified personnel or equipment

for the care of children should transfer children

with burns to a burn center with these capabilities

Social, emotional, and rehab 11 Burns in patients requiring special social/emotional

and/or long-term rehabilitative support, including

cases involving suspected child abuse, substance

abuse, etc.

Abbreviation: TBSA, total body surface area.

Source: From Ref. 41.
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Thermal injury to the skin destroys the natural barrier
to losses of water, heat, and plasma constituents (electro-
lytes and albumin). Profound disturbances occur within
the tissues themselves following burns, resulting in
massive edema formation. Vascular channel integrity is
compromised due to altered permeability, resulting in
large losses of fluids, electrolytes, and proteins into
the interstitial space of both burned and unburned tissue
(42–44).

Burn inflammation begins in the burn wound.
Thermal injury destroys cell membrane phospholipids,
causing the stimulation of phospholipase A, which converts
the phospholipids to arachidonic acid. The arachidonic acid
then produces prostanoids and leukotrienes that mediate
vasoconstriction, vasodilation, increased capillary per-
meability, and neutrophil chemotaxis. The thermal injury
also activates the coagulation cascade, yielding bradykinin
and serotonin. These mediators cause neutrophil activation.
Neutrophils infiltrate the wound for the first four to five
days postburn and then are replaced by macrophage. The
neutrophils release oxygen-free radicals, which damage
cell membranes and stimulate further inflammation. Inflam-
mation becomes most prominent at 7 to 10 days, causing
maximal blood flow to burn wounds. Therefore, early
excision is important to avoid massive blood loss.

Microcirculatory Changes in Burned and
Nonburned Tissues
Systemic microcirculatory changes occur in the areas of
burned and nonburned tissues, resulting in “leaky” capil-
laries and increased interstitial osmotic load. In the burned
tissue, blood flow is immediately decreased. In full thick-
ness, third- and fourth-degree burns, major blood vessels
may be completely charred without hope of ever reconstitut-
ing; thus, tissues served by these vessels become ischemic. In
areas of partial thickness burn, immediate restitution of
blood flow results in rapid edema formation and blistering
at the skin.

Burn edema formation classically undergoes a bipha-
sic pattern as described by Cotran (45). The immediate but
transient phase is clinically evident within minutes of the
burn. The second more gradual response is of far greater
magnitude, increasing lymph flow over 20 times and
markedly increasing the interstitial fluid content. Classi-
cally, edema formation is maximal by 12 to 24 hours and
persists for three days. However, the actual time course
and ultimate degree of tissue edema are dependent upon
the amount of interstitial disruption (i.e., deposition of pro-
teins and other osmotically active compounds that can
retain fluids), the leakiness of the capillaries themselves,
and the rate of blood flow through the injured microcircu-
lation (46).

Multiple mediators contribute to the etiology of burn
edema and the alteration in microvascular permeability
including histamine, serotonin (5-hydroxy tryptamine),
bradykinin, leukotrienes, prostaglandins, thromboxanes,
and oxygen-derived radicals (47). Early increased capillary
permeability is mediated by histamine through the for-
mation of endothelial gaps (48). This can be inhibited by his-
tamine blockers and mast cell stabilizers in animal models
but has not been corroborated clinically in humans. Seroto-
nin antagonists in case of preinjury can decrease skin
blood flow and edema, implicating serotonin in early burn
shock. Similarly, bradykinin receptor antagonists reduce
burn wound edema experimentally (49).

The inflammatory infiltrate produces prostaglan-
dins and leukotrienes, which directly increase capillary
permeability (50). Platelets in the burn wound produce
thromboxanes, causing vasoconstriction and local tissue
ischemia, which can be experimentally modified by admin-
istration of ibuprofen through inhibition of prostaglandin
synthesis (51). Reactive oxygen metabolites are released
following burn injury. Xanthine oxidase is thought to be
the primary source of oxygen radicals in burn injury (52).
Catalase, a free radical scavenger, and desferoxamine,
an iron chelator, decrease the vascular leak experimentally
(53).

Histological evidence of microcirculatory changes are
evident within minutes, including the formation of large
gaps between endothelial cells (remaining visible for days to
weeks), depending upon the severity (45). Because the gaps
between cells may remain visible for weeks and the majority
of the edema occurs in the first day following a burn, it has
been questioned whether the basement membrane and/or
interstitial matrix plays the determinant role.

The rapid development of hypoproteinemia exacer-
bates this process by decreasing intravascular oncotic
pressure. Complement, prostaglandins, oxygen-derived
free radicals, histamine, and numerous cytokines, released
as a result of the local tissue trauma, are implicated in the
pathophysiology (54). The magnitude of fluid losses experi-
enced from the intravascular space is among the most
impressive scenes in any type of trauma. The manifestations
of these rapid fluid shifts are often most dramatically
evident when they are compartmentalized. When tensions
develop in the compartments of the extremity, vascular
flow is inhibited, nerves are compressed, and tissues
become ischemic; urgent fasciotomies are limb-saving.
When these tensions develop in the abdomen/peritoneal
cavity, pressure on the intra-abdominal viscera inhibit
end-organ perfusion, as well as respiratory diaphrag-
matic excursions, and urgent/emergent release of
abdominal compartment syndrome is lifesaving (Volume 2,
Chapter 34).

Systemic Response to Burn-Mediated Hypovolemia
The systemic response to major burns includes increased
catecholamine elaboration and decreased tissue perfusion
from burn shock. Insulin and glucose levels can fluctuate
widely. Alpha-receptor stimulation directly inhibits insulin
production, leading to early hyperglycemic response. Lipo-
lysis triggered by beta-receptor stimulation leads directly
and indirectly to proteolysis, further complicating systemic
responses.

Increased systemic vascular resistance (SVR) develops
in the setting of hypovolemia due to the release of
catecholamines, vasopressin, and angiotensin II (55). Burn
shock is most common following burns to .30% of the
total BSA. Organ dysfunction (especially kidney and gut)
secondary to burn shock occurs in the setting of delayed or
inadequate volume resuscitation. Later in the process, the
abundance of circulating inflammatory mediators do not
allow the normal compensatory “increased SVR” state to
occur, even in the setting of profound hypovolemia (when
this compensatory condition would be warranted).

Decreased cardiac output (Q̇) is seen immediately
following burn injury, even before a decrease in plasma
volume is detectable experimentally (56). This myocardial
depression persists despite adequate volume resuscitation,
thus implicating the presence of a circulating myocardial
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depressant factor released by injured tissue, possibly tumor
necrosis factor (56). Eventually, a hypermetabolic state devel-
ops, and the cardiac output becomes elevated three to six days
postinjury (sooner with more aggressive resuscitation).

Complement cascade activation and release of inflamma-
tory mediators like TNF-a and various interleukins result in a
profound systemic inflammatory response. The hypermetabolic
effects of the burn along with increase in vascular permeability
and low SVR compromise effective end-organ perfusion can
progress to a potentially irreversible shock state (56).

Without adequate resuscitation, ischemia to various
organs can occur. The kidney is at particular risk, since the
advent of aggressive resuscitation protocols, the renal
failure rate has decreased significantly (57). The gastrointes-
tinal tract is also susceptible to ischemia and can lead to
bacterial translocation and sepsis.

The kidney is affected by the release of stroma-free
hemoglobin and myoglobin from damaged cells. In the pre-
sence of inadequate glomerular filtration rate and/or renal
ischemia, these products precipitate and result in acute
tubular necrosis. Maintenance of adequate urine output
through volume repletion serves as an indication of the ade-
quacy of renal function.

The gastrointestinal tract responds to vasoconstriction
with development of an ileus and gastric distention,
especially in the absence of early enteral nutrition and
when fluid resuscitation is inadequate. A predisposition to
gastric ulceration results from a combination of relative
hyperacidity and damage to the normal mucosal barrier (58).

Liver damage may occur in burn injury associated with
increased hepatic edema formation, which may lead to cell
damage. The thermal injury may also induce hepatocyte
apoptosis; the mechanism is not yet defined but may be due
to hypoperfusion, ischemia, and reperfusion injury. The liver
initiates the acute phase response and decreases the constitu-
tive proteins (albumin, prealbumin, transferrin, and retinol-
binding protein). The acute phase proteins promote immune
functions and wound healing. However, a prolonged or exces-
sive response can cause a hypercatabolic state with increased
risk of sepsis, multiorgan failure, morbidity, and mortality.

The immune system is altered in numerous ways fol-
lowing burn injury (59). Disruption in local skin defense
systems, abnormalities in leukocyte chemotaxis, phagocyto-
sis, intracellular bacterial killing, cellular immunity, and
antibody production all contribute to the burn patient’s
diminished ability to fight infection (59).

INITIAL EVALUATION GUIDELINES
Primary and Secondary Survey
Initial care of the burn patient has been standardized by the
ABA and is outlined in the Advanced Burn Life Supportw

course (ABLSw). The course is similar to the Advanced
Trauma Life Supportw (ATLSw) program and involves a
primary and secondary survey. Specifics in the ABLS sec-
ondary survey include determination of the burn location,
total BSA involved, depth of the burn, presence of circumfer-
ential burns, smoke inhalation, and the tetanus immune
status. After assuring the ABCs as described below, the
burned surface area is assessed and described as a percen-
tage of the patient’s total BSA. Lund and Browder charts
are available, detailing the percent of each body part
burned, which varies with age (Fig. 4). For rapid estimation,
the “Rule of Nines” is useful (Table 5). For adults, the head
and each arm constitute 9% of BSA, and 18% BSA is assigned

to each leg and the entire anterior trunk, and the posterior
torso. For children, the head is relatively larger, comprising
as much as 18% and the legs are relatively smaller at 14%
total BSA each. A person’s palm is approximately 1% of
the body surface area and provides another useful tool for
the estimation quickly at the bedside of the total BSA
burned.

Many devices have been used to assist with the determi-
nation of burn wound depth, but the most common method
today remains clinical judgment and watchful waiting. Only
a minority of burn wounds will display a classic appearance
of partial thickness (second-degree) or full thickness (third-
degree) wounds; the majority of wounds are “indeterminate”
at the time of presentation even to the experienced burn
surgeon. Some burn wounds will “progress,” imprecisely
termed by some as “converting,” from partial thickness to
full thickness injury over the initial several days due to hypo-
perfusion, desiccation, and inflammation. Conversely, over-
resuscitation can result in increased edema formation and
decreased perfusion at the microvascular level, contributing
to the degree of wound depth progression.

The concept of “early excision” is not entirely feasible
until the depth of injury has been fully determined. Some-
newer techniques used for the determination of burn
wound depth include lasers, dopler flowmetry, ultrasonogra-
phy, flourescein, and surface temperature measurement
(34,60). As a result of interpretative and reproducibility diffi-
culties, these techniques are adjuncts to clinical judgment
and experience. Ongoing research continues to identify
new methods to evaluate wound depth. However, none has
yet surpassed clinical assessment and judgment, which
remains the gold standard.

Injury Documentation
The combination of total BSA burned, location, and degree
of depth, all contribute to the overall mortality and
outcome. Accordingly, these measurements must be pre-
cisely determined and recorded clearly for ongoing manage-
ment and later follow-up. Documentation of burn extent
immediately upon admission is important for both patient
care as well as for research data collection. Lund and
Browder charts are useful for calculating the total BSA
involved and anatomic location, but photographs should
also be taken to accurately chronicle the extent of burn (for
clinical, research, and medical-legal purposes).

AIRWAYMANAGEMENT
Indications for Intubation and Mechanical Ventilation
Patients with burn injuries frequently require urgent airway
management and mechanical ventilation for a variety of
reasons (Table 6). First and foremost is the need for airway
maintenance in patients with facial burns who present
with airway edema, stridor, or respiratory distress (61). Vul-
nerability is accentuated at the extremes of age with the
elderly and newborns being at the greatest risk for airway
occlusion, secondary to rapidly progressive edema. Patients
with deep burns over extensive amounts of BSA will have
the most swelling (62). Initially, many burns appear super-
ficial, but over time, progressive edema occurs in both
burned and unburned tissue, making the true severity
more apparent. Even small burns, concentrated around the
face and neck, can swell rapidly, resulting in airway occlu-
sion (Figure 5). The highest risk of airway occlusion occurs
in patients with circumferential burns at the neck and face.
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Patients with severe burns to only a portion of the face and
burns that are not circumferential are less at risk for com-
plete airway obstruction. However, if the thermal injury is
massive enough (i.e., .30% total BSA Burn), airway
tissues can progressively swell to compromise patency,
even when the burn has no proximity to the head, neck,
or face.

The etiology of tissue edema is multifactorial, being
caused by direct thermal injury to tissue, extravasated
fluid from crystalloids administered during resuscitation,
hypoalbuminemia, and vascular endothelial leak from
released mediators (42,43,54). Mediators of burn tissue
edema are both local, such as histamine and arachidonic

acid metabolites, and systemic, such as cytokines and endo-
toxin (63,64). The decision whether or not to intubate the
trachea should be based on the individual patient and not
solely on the percentage of body involved in the burn.
However, the presence of multiple risk factors increases
the likelihood of respiratory failure. All patients with
partial thickness burn on .30% total BSA or full thickness

burns on .15% total BSA, or evidence of inhalation injury
should be considered candidates for intubation and mech-
anical ventilation.

Respiratory failure can occur due to rapidly progress-
ive pulmonary edema in patients with direct injury to the
tracheobronchial tree as well as following extensive total
BSA burns, excluding the face and neck. Patients with conco-
mitant central nervous system (CNS) trauma or carbon mon-
oxide (CO) toxicity may also need airway protection because
of depressed consciousness. The decision of whether or not
to intubate the trachea should be made quickly, as complete
airway loss may occur suddenly.

Inhalation Injury
Smoke inhalation injury is a major source of morbidity and
mortality in a burn patient (65,66). The combination of
smoke inhalation and surface burns of any size doubles
the mortality rate (17,67).

Inhalational injury includes three separate com-
ponents, which are present either individually or in combi-
nation: (i ) upper airway obstruction (from direct thermal

injury, or more commonly, systemic inflammation),

Table 5 Rule of Nines for Calculating Percentage of Body

Surface Area Burned

Anatomic area Adults Children

Head/neck 9 18

Arm (shoulder to fingers) 9 9

Anterior torso 18 18

Posterior torso 18 18

Leg (groin to toes) 18 14

Perineum 1% 1%

Note: See Lund-Browder chart for more precise estimations in children �5

years of age.

Figure 4 Lund and Browder chart. Burn surface area calculations using this chart are more accurate in children than simple

nomograms because of the various skin surface area distribution differences that occur with age.
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(ii ) lower airway injury (from toxic products and particulate
matter), and (iii ) carbon monoxide and other toxicities.
The extent of injury depends on the toxic composition of
the inhaled smoke (e.g., CN, NO2, SO2, etc.) and the duration
of exposure. An inflammatory reaction occurs hours to
days after exposure, resulting in a delayed onset of clinical
symptoms. Fluid requirements are increased, and mortality
is higher for the same BSA burn when associated with
inhalation injury (65). Pathophysiology includes upper
airway and small airway obstruction from particulate
matter, edema, sloughed mucosa, and bronchospasm. Oxy-
genation is impaired due to intrapulmonary shunting from
alveolar flooding and collapse, along with ventilation/
perfusion (V̇/Q̇) mismatch, and CO toxicity. These patholo-
gic processes all lead to decreased compliance and increased
dead space, further increasing the work of breathing and
resulting in respiratory failure.

Certain clinical findings and history are suggestive of
smoke inhalation, including injuries occurring in a closed
space, or to a patient who was sleeping or unconscious

when the fire began. Physical exam reveals singed facial
hair, facial burns, hoarseness, wheezing, and carbonaceous
sputum. Stridor is seen when upper airway obstruction
becomes severe.

Upper Airway Obstruction
Upper airway edema forms rapidly following thermal burns
especially flame burns with inhalational component. Most of
the swelling comes from systemic inflammation. However,
occasionally, superheated air (3008C) or steam (1008C) can
cause direct thermal injury to the tissues of the upper
airway and larynx, leading rapidly to airway occlusion.
Clinical features include stridor, dyspnea, hoarseness dys-
phagia, and facial burns. The absence of facial burns does
not rule out upper airway swelling. Rapidly securing the
airway can be lifesaving.

Thermal injury usually affects the supraglottic airway,
as the upper airway protects the tracheobronchial tree and
the lung parenchyma by various mechanisms. The upper
airway has a reflex response to irritants, which cause

Table 6 Indications for Intubation and Mechanical Ventilation Following Burns

Indications for: intubation/ventilation Example(s)/comments

Ventilatory failure (from airway

obstruction)

Presenting findings include Strider, often resulting from airway edema

Ventilatory failure (from increased WOB) Swelling from burn and exacerbation by requisite fluid resuscitation leads to

lung and chest wall edema and decreased compliance

Respiratory failure (noncardiogenic

pulmonary edema)

Decreased arterial saturation from increased lung water and obligate R! L

transpulmonary shunt

Respiratory failure (from burn shock) Decreased tissue perfusion leads to metabolic acidosis and decreased mixed

venous O2, causing increased WOB and decreased PaO2.

Impending respiratory or ventilatory

failure due to edema and inflammation

.15% BSA full thickness burn

.15% BSA partial thickness burns when Burns located on face, neck,

perineum

Smoke inhalation: CO toxicity �20% CO level on admission; Hx prolonged smoke inhalation in enclosed

space

Smoke inhalation: bronchi injury/
obstruction

Soot and other particulate matter in airways; Hx prolonged smoke inhalation

in enclosed space

Smoke inhalation: lung parenchyma

injury

Dyspnea, pulmonary edema on chest radiograph, large A-a gradient, + soot

in airways

Abbreviations: A-a gradient, alveolar-to-arterial PO2 gradient; BSA, body surface area; CO, carbon monoxide; Hx, history of; PaO2, partial pressure of oxygen

in arterial blood; R! L, right-to-left; WOB, work of breathing.

Figure 5 Facial burns. (A) Lateral and (B) open mouth views, following thermal burns with inhalation injury. Note carbonaceous

material in nares and oral cavity. Patients like this should have their tracheas intubated within the first hour of presentation. Waiting

beyond that can result in loss of airway due to massive swelling. We will frequently intubate these patients, using an awake

fiberoptic bronchoscopic technique, as long as patients are hemodynamically stable, cooperative, and spontaneously ventilating.

The figure presents a view of the entire airway prior to and during intubation.
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mucus secretion, cough, sneeze, and glottic closure. The
moist mucus membranes also cool the heat. When heat
comes in contact with the airway, mucosal erythema,
edema, and ulceration occur, leading to airway obstruction.
Anatomical disruption can present with dyspnea, stridor,
and cyanosis. Early intubation and supportive care are
essential, before edema worsens and intubation becomes
very difficult. Airway edema usually resolves in approxi-
mately five days; this can be facilitated by head elevation
and avoiding excessive fluid resuscitation. Late symptoms
resulting from upper airway injury include chronic rhinitis,
sinusitis, pharyngitis, or laryngitis. Vocal cord dysfunction
may result from local tissue irritation. Severe damage to
the airway may lead to strictures and fistula of upper
airways.

Lower Airway Injury
When fire victims are trapped in an enclosed space, they can
inhale particulate and nonparticulate products of combus-
tion, leading to dysfunction of the tracheal-bronchial tree.
Patients almost always require intubation and mechanical
ventilation following smoke inhalation, even if purely inha-
lational (no external burned skin). Physical findings of facial
burns, singed facial hair, soot around or in the mouth, active
wheezing, or shortness of breath should raise the suspicion
of inhalation injury (Fig. 6) (61). When nonparticulate pro-
ducts of combustion, including sulfur dioxide, chlorine,
ammonia, phosgene, nitrogen dioxide (NO2), and others,
come into contact with the respiratory mucosa, they form
acids (e.g., phosgene) or alkali (e.g., ammonia) that cause
chemical irritation, severe airway inflammation, shunting,
and bronchospasm (68). Carbon monoxide, phosgene, and
nitrogen dioxide are particularly troublesome due to their
ubiquity and toxicity and will be described in greater detail
below. Aldehydes such as acrolein produced by burning
cotton and wood cause edema and mucosal sloughing (68).

Mucosal debris, soot, and other particles can cause
obstruction of lower airspaces. Aggressive pulmonary
toilet is critical to preventing acute airway obstruction (69).
Urgent flexible bronchoscopy for both accurate diagnoses
and therapeutic intervention is indicated whenever an inha-
lational injury is suspected (69). When significant smoke
inhalation injury is diagnosed by the fiberoptic exam, it is
generally advisable to intubate the trachea at that time, as

these patients will likely develop some degree of acute
lung injury in addition to the airway injuries. Clearing air-
spaces of particulate matter and sloughing mucosa can dra-
matically improve respiratory function and prevent or treat
lobar collapse. Repeated bronchoscopies may be needed, as
progressive airway sloughing tends to occur over time.

Carbon Monoxide and Other Toxic Gases
CO is an odorless, colorless nonirritating gas, resulting from
the incomplete combustion of fuels and is a major cause of
death after inhalation injury. When not associated with
thermal injury, CO toxicity typically emanates from stoves,
furnaces, and automobile exhaust pipes. In 1865, Claude
Bernard accurately deduced that CO and oxygen (O2) com-
petitively bind to the same site on hemoglobin. J. S.
Haldane and J. G. Priestly in 1935 discovered that CO
binds to hemoglobin more than 200 times more tightly
than O2. Exposure to CO at 0.1% concentration for over an
hour results in approximately 50% of the hemoglobin
becoming occupied with CO and converted to carboxyhemo-
globin (CO-Hb). Interestingly, patients generally survive an
anemia of 50% (i.e., a hemoglobin of 6–7 g/dL). However,
a 50% CO-Hb level is fatal in most patients (due to ischemia
of CNS and myocardial tissues). When CO binds to hemo-
globin (Fig. 7), it alters the other heme-binding sites, inhibit-
ing the release of O2 from hemoglobin peripherally (leftward
shift in the oxyhemoglobin dissociation curve). Furthermore,
factors other than simple hypoxia contribute to CO poison-
ing. Cytochrome C oxidase is inhibited by CO-impairing
metabolism at the mitochondrial level. Portions of the
brain that are most sensitive to CO include higher metaboliz-
ing areas such as the basal ganglia, hippocampus, and
cerebral cortex, although CO can also cause injury to white
matter portions of the brain (70).

Clinical symptoms of CO toxicity vary greatly depend-
ing on the quantity of gas inhaled. Intoxication can be insi-
dious, and many patients die in their sleep. Symptoms are
minimal when CO levels are less than 10%. Conscious
patients initially complain of headache, vertigo, impaired
vision, and drowsiness (drowsiness can be preceded by
mild euphoria). Mild shortness of breath and exertional
dyspnea, and nausea and vomiting occur with levels of
20% or more. The most important long-term morbidity
relates to CNS and the myocardium.

Figure 6 Bronchoscopic view of inhalation injury when looking down bronchus intermedius. (A) Acute. Notice soot and bronchial

mucosal lesions (arrows). (B) Forty-eight hour delayed view. Notice bronchial mucosal sloughing and early granulation tissue formation.
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The CNS manifestations vary with the age of the
patient and pre-existing neurological disease, as well as the
quantity and duration of CO exposure. Cognitive sequelae
include memory deficits, attention or concentration pro-
blems, and altered affect. These can become manifested
immediately after exposure and persist or can present after
some time, but they generally occur within three weeks
after CO poisoning (71,72).

Cardiovascular manifestations include tachycardia,
dysrhythmias, angina, and hypotension. Seizures, comas,
and death can result from levels of 50% or more (73). In a
recent study of CO toxicity with regional wall motion
abnormalities (RWMAs), two clinical patterns of myocardial
injury were seen (74). Younger people (average age 43) with
few cardiac risk factors but severe CO poisoning, demon-
strated by abnormal Glascow Coma Scale (GCS) score,
were more likely to have global left ventricular dysfunction

by echocardiogram, which improved or resolved consistent
with stunned myocardium, as a result of CO poisoning. In
the older group of patients, the RWMA was more common
(average age 64), and occurred with a higher frequency in
those with more cardiac risk factors, and 50% had a
normal GCS. In these patients, CO poisoning appeared to
unmask underlying coronary artery disease (CAD) by creat-
ing supply/demand mismatch (74).

During CO toxicity, a cherry red color of the
skin belies the actual impaired oxyhemoglobin saturation;
similarly, pulse oximetry yields a spuriously higher satur-

ation than is truly present.
Indeed, Barker et al. (75) found that dogs administered

CO had measured saturations greater than 90% by pulse oxi-
metry in the presence of 70% CO-Hb. (Note: The highest
possible O2 saturation in this condition is 30%.) Case
reports in humans corroborated experimental data in the
victims of smoke inhalation (76). One such patient with a
CO-Hb of 32% recorded a pulse oximeter saturation of
96% (actual highest possible O2 saturation would be 68%);
a simultaneous co-oximeter provided the accurate measure-
ment, a SaO2 of 66.1. This discrepancy results from the
mixing of hemoglobin species that absorb different wave-
lengths of light. Therefore, patients with smoke inhalation
or suspected CO poisoning should have both their CO-Hb
level and oxygen saturation quantified with an arterial
blood gas sample, using a co-oximeter for measurement.

Treatment for CO poisoning includes immediate admin-
istration of 100% oxygen by face mask or via endotracheal tube
(ETT) and determination of CO-Hb level. CO-Hb levels in the
blood can underestimate the magnitude of exposure and
resulting toxicity from CO, as tissue levels will increase over
time as the gas moves from the intravascular space into
tissues, which serve as a reservoir. Therefore, levels should
be used as markers of exposure, with clinical signs and symp-
toms being the most important gage for treatment.

CO is not a cumulative poison and is reversibly liber-
ated in the presence of hyperoxia, especially at increased
atmospheric pressure. CO-Hb levels less than 20% usually
do not result in any significant long-term neurologic impair-
ment, and therapy with 100% O2 alone may suffice (Table 7).
However, levels greater than 25% to 30% are associated with
metabolic acidosis and neurologic compromise. Hyperbaric
oxygen (HBO2) helps to displace CO more rapidly from
hemoglobin and eliminate it from the body. HBO2

therapy should be considered for absolute CO-Hb levels of
25% or greater or any evidence of neurologic or cardiac
toxicity following exposure. The half-life of CO in
resting adults, breathing room air at one atmosphere, is
approximately 300 minutes. When 100% oxygen is adminis-
tered, the time is decreased to 60 minutes. Hyperbaric

Table 7 Carboxyhemoglobin Half-Life at Various Oxygen

Concentrations and Atmospheric Pressures

Atmospheres

(pressurebarometric) FiO2 Half-life (hr)

1 (760 mmHg) 0.21 5

1 (760 mmHg) 1.0 1

0.8 (600 mmHg) 0.21 7

0.8 (600 mmHg) 1.0 1.5

3 (2280 mmHg) 1.0 0.33

Source: Modified from Ref. 191.

Figure 7 Carboxyhemoglobin (COHb) relationship. This

figure shows the normal oxyhemoglobin disassociation curve as

well as curves for the case of a 50% anemia and that of 50%

carboxyhemoglobinemia. The normal oxyhemoglobin

disassociation curve results in an arterial oxygen (O2) content

of close to 20 mL of O2 per 100 mL of blood. The mixed

venous O2 content is normally 75% that of the arterial O2

content, that is, just under 15 mL of O2 per 100 mL of blood. In

the case of a 50% anemia, the arterial content begins at

approximately 10 mL O2 per 100 mL of blood. Because the

patient will still consume approximately 5 mL O2 per 100 mL

of blood, the mixed venous blood in the patient with a 50%

anemia will decrease to a content of approximately 5 mL O2

per 100 mL of blood. The PvO2 will be approximately half of

normal or around 20 mmHg instead of 40 mmHg. In contrast,

with a 50% carboxyhemoglobin concentration, the mixed

venous O2 content (PvO2) will be much lower still (in the

range of 10 mmHg). Thus, there is a requirement for a far

greater fall in PO2 in order to deliver the same volume of

oxygen in the case of carboxyhemoglobinemia (from point a0

to point v02) than with a simple anemia of the same magnitude

(from point a0 to point v01). Source: From Ref. 190.
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oxygen at three atmospheres of pressure will reduce the half-
life of CO-Hb to 30 minutes. Current recommendations for
hyperbaric therapy in CO poisoning are 2.5 to 3 atmospheres
for 90 to 120 minutes, when indicated (Table 7).

Repeated treatments may be beneficial (77). Patients
treated with hyperbaric oxygen were less likely to have cog-
nitive sequelae at six weeks than were those treated with
normobaric oxygen, whether they had had normal
(P ¼ 0.05) or abnormal (P ¼ 0.18) cerebellar function before
treatment (77). Late complications of CO toxicity include
the delayed neuropsychiatric syndrome (DNS), which
occurs in up to 40% of patients with significant CO exposure.
This syndrome usually presents approximately 20 days
postexposure and may persist for more than one year.
This syndrome is characterized by cognitive, motor, and
focal neurologic deficits and personality changes (72). To
prevent the DNS and other sequelae, it is important to
have a high index of suspicion and treat CO poisoning
with immediate high-flow oxygen, while obtaining baseline
CO-Hb measurements from the arterial blood gas (ABG) and
consulting with regional HBO2 coordinators for instructions.

Phosgene fumes constitute another toxic colorless gas
emitted from structural fires. Phosgene gas is mildly
pungent and heavier than air, which allows it to accumulate
in low areas and valleys. It was used as a weapon with tre-
mendous lethality in World War I and then retired. Phosgene
is a principal precursor in the synthesis of numerous indus-
trial compounds and also a prominent breakdown product
of a number of chemical compounds, including paint
removers and dry-cleaning fluid (78). The accidental
release of 25 tons of methylisocyanate in Bhopal, India on
December 2 and 3, 1984, resulted in the formation of phos-
gene and cyanide gas, which killed 16,000 people and
injured hundreds of thousands more (79).

Phosgene is one of the principal lethal components of
smoke emanating from typical structure fires and is one of
the primary concerns in treating smoke inhalation victims
(see section on smoke inhalation). The toxicity from phos-
gene results from its hydrolysis on contact with water, pro-
ducing hydrochloric acid and carbon dioxide. The slow
speed of this reaction enables the agent to be inhaled
deeply into the respiratory tree before irritation of the
nasal and oral mucosa occurs. Severe bronchial and pulmon-
ary necrosis may result from the conversion of phosgene to
hydrochloric acid upon humidification within the respirat-
ory system. In addition, phosgene reacts directly with pro-
teins, vitamins, and intermediate metabolites, resulting in
cytotoxicity and enzymatic poisoning.

The full clinical picture of phosgene toxicity may
develop over several minutes to several days with hemoly-
sis, hypovolemia, hypotension, respiratory failure, hepatic
injury, and renal failure. Anesthetic considerations include
careful monitoring for evidence of toxicity during the
latent period of this agent and appropriate supportive
therapy after exposure.

The nitrogen oxides include (i) nitric oxide (NO), the
endogenously derived relaxant factor involved with smooth
muscle relaxation of vessels; (ii) nitrous oxide (N2O), the
inhaled vapor anesthetic, and (iii) NO2, a highly toxic
mediator of acute respiratory distress syndrome (ARDS),
among others. The most common routes of exposure of
these agents are cigarette smoking, smog, therapeutic
exposure, industrial accidents, and agricultural silos (79).
NO and N2O in trace amounts are nontoxic. However, NO2

is extremely hazardous when inhaled. Of note, both NO
and N2O can degrade into the highly toxic NO2 molecule.

The pathologic effects of NO2 occur following
exposure to mucosal water, forming acids that directly
damage the respiratory tract. In addition, NO2 directly oxi-
dizes lecithin in pulmonary surfactant and oxidizes unsatu-
rated fatty acids, resulting in free radical damage and
cytotoxicity. Because the nitrogen oxides are relatively inso-
luble in water and undergo conversion to acid slowly, they
are unknowingly inhaled into the lungs before their irritant
effects on the nasal and bronchial mucosa are noted. When
high concentrations are inhaled, pulmonary edema, bronch-
orrhea, inflammatory constriction, and exudative bronchial
necrosis may occur (80). The clinical effects of NO2 toxicity
are divided into three discrete phases in a waxing and
waning pattern that may last over several months. Promi-
nent systemic effects include hypotension (a direct effect of
nitrate exposure), metabolic acidosis, and methemoglobine-
mia. The progressive, remitting nature of this presentation
is highly characteristic and may occur after a silo gas
exposure, fire, or inhalation of high concentrations of
exhaust from products of an internal combustion engine.

The therapeutic use of NO as a selective pulmonary
vasodilator has provoked concern over the toxic effects of
the nitrogen oxides. The concentrations administered are
usually in 10–80 ppm range, as compared to concentrations
of 1000 ppm present in inhaled cigarette smoke. By provid-
ing monitored low concentrations, and flowing the gas
mixture through a baralyme filter to remove NO2, the toxic
potential of therapeutic NO can be limited in the operating
room (OR) (81). Additionally, the propensity of NO to
convert to N2O is further minimized by the avoidance of
high concentrations of O2.

Treatment of patients exposed to nitrogen oxides is
primarily supportive. Steroids may be helpful in limiting
inflammation. Bronchodilators, vasopressors, and suppor-
tive therapy for methemoglobinemia and acidosis are indi-
cated (82,83). The chronic effects of these gases and the
relapsing nature of toxicity require a high degree of vigilance
for manifestations of toxicity.

IntubationTechniques
The technique chosen for intubation depends upon

several factors, including presence of respiratory failure,
upper airway obstruction, the level of consciousness,
evidence of inhalation injury, the length of time since
the injury, and the age of the patient. For cases where a
difficult airway is suspected, awake intubation techniques
should be considered (precise technique dictated by the
clinical condition, experience, and skills of the practitioner
performing the intubation). See Volume 1, Chapter 9 for a
complete review of definition of airway management tech-
niques for burns and trauma.

Succinylcholine should be avoided as the muscle
relaxant choice to facilitate tracheal intubation in patients
with burn injuries more than 24 to 48 hours old because
of the risk of succinylcholine-induced hyperkalemia
(see Volume 2, Chapter 6) (84,85). Burn patients rapidly
develop extrajunctional acetylcholine receptors in pro-
portion to the extent of the burn (86), with a resulting
increase in the number of sites at which potassium is
released after drug administration (87). The magnitude of
the hyperkalemic response is grossly related to the extent
and severity of the injury, but is not always predictable.
Because there is a delay between injury and receptor syn-
thesis, patients can be given succinylcholine safely in the
first 24 to 48 hours following burn and it is probably safe
up to five to seven days following a burn (88,89). The risk
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of potassium release has been shown to persist as long as
two years after injury in some cases and should be presumed
to be present in any patient with persistent denervation (87).

As an alternative to succinylcholine for intubation, a
high dose of a nondepolarizing muscle relaxant, such as
rocuronium, can be used. Rocuronium doses at or above
1.2 mg/kg will provide adequate intubation conditions in
less than 60 seconds (90,91). Patients with burns .30%
total BSA become resistant to the action of nondepolarizing
agents for as long as 18 months after the burn has healed,
requiring three to five times greater doses. Acetylcholine
receptor proliferation has been postulated to result in both
resistancestonondepolarizingmusclerelaxantsandincreased
sensitivity to depolarizing agents. Mivacurrium, specifically,
may not be subject to the increased resistance, avoiding the
need to use increased dosages (92).

Burn-Related Ventilation Considerations
Acute lung injury (ALI) and ARDS are common compli-
cations of thermal trauma. These occur most commonly
after inhalational injury. However, patients with only
minor burns as well as those with larger burns without
inhalational injury can develop ARDS. Mediator release
and sepsis can lead to increased pulmonary capillary
permeability and decreased pulmonary compliance (see
Volume 2, Chapter 24). In patients with preinjury pulmonary
dysfunction, hypoalbuminemia or liver failure outcome is
worse when compared to patients without concomitant
disease (66). There are many different ventilator strategies
to maintain lung volume in patients with ARDS. Most
important is attention to minimizing barotrauma while
maintaining inspired FiO2 concentration less than 0.5. If
weaning from ventilator support is difficult and long-term
ventilation is required, formal tracheostomy can be per-
formed. In patients with neck burns, it is helpful to excise
and skin graft the pretracheal region prior to tracheostomy
placement to help improve neck skin healing and reduce
the risk of infection.

Patients with deep circumferential burns to the chest
and abdomen can become progressively difficult to ventilate
as a result of restrictive chest and abdominal wall movement

from the burn. Urgent escharotomies can dramatically
improve oxygenation and ventilation by increasing chest
wall compliance. Abdominal compartment syndrome can
also arise due to increase in intra-abdominal pressure from
circumferential abdominal wall burn wounds as well as gen-
eralized swelling and bowel edema (see Volume 2, Chapter
34). In the high-risk patient, bladder pressures can be
obtained and occasionally abdominal decompression is
required. Escharotomies can also decrease intra-abdominal
pressure. Compartment syndrome commonly develops in
burned extremities. In this setting, wick pressures should
be obtained and early fasciotomies pursued to improve
limb blood flow and minimize ischemic amputation (93).

Patients with circumferential third-degree burns will
require escharotomies and/or fasciotomies. The nerve
endings in this damaged skin are dysfunctional and the
skin is anesthetic. However, patients needing escharotomies
will need some anesthetic, secondary to the intense stimu-
lation associated with the procedure. Opioids and benzo-
diazepines are usually sufficient; ketamine is also useful in
spontaneously ventilating patients. These patients are typi-
cally intubated by the time escharotomies or fasciotomies
are required (Fig. 8). Nonintubated hypotensive patients in
shock will benefit from etomidate for induction and a com-
bination of opioids, benzodiazepines, and ketamine as
tolerated, following fluid resuscitation. Patients in severe
shock may only tolerate neuromuscular blockade and scopo-
lamine (for amnesia) prior to resuscitation.

Patients with combined facial/neck burns and inhala-
tional injury are at the highest risk for both airway obstruc-
tion and respiratory failure (Fig. 9). Tissue edema in the
pharynx and larynx can close around the glottis making
re-intubation impossible if the ETT is lost or removed (61).
Mucosal sloughing is common and can completely obstruct
the ETT in these patients. Accordingly, the ETT should not be
removed until the swelling has diminished significantly, and
someone capable of intubation is present to perform laryn-
goscopy with the tube in situ. In these instances, it is
prudent that a provider capable of emergency cricothyroi-
dotomy or tracheostomy always be available. Strategies for
clearing and resecuring the airway should be discussed

Figure 8 Chest/torso full thickness burns requiring

escherotomies to allow adequate ventilation.

Figure 9 Airway and facial edema. Edema of this degree

increases the work of breathing, causing respiratory failure, and

makes airway management perilous, particularly if premature

extubation were to occur.
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and reiterated to all staff caring for the patient and updated
each shift. Specific guidelines and protocols should be in
place regarding which physicians to call and what to do if
the ETT becomes occluded or dislodged. Age-appropriate
equipment for re-intubation and emergent surgical airway
should remain at the patient’s bedside. Frequent suctioning
and attention to ventilator pressures and tidal volumes can
help prevent a catastrophic airway loss. Small amounts of
dilute sodium bicarbonate solution can be used as an irrigant
instilled directly into the tube to loosen mucous from a par-
tially obstructed ETT.

Extubation
Extubation of burn patients who had a previously known
swollen airway or the development of burn contractures of
the neck should be undertaken cautiously and only after
careful consideration (also see Volume 2, Chapter 29).

FOB should always be considered to evaluate the status
of any potentially swollen airway prior to extubation.
Deflation of the cuff to hear an air leak can be of some assist-
ance in determining the degree of airway patency. If there is
any question about residual edema, the extubation should be
postponed until repeat endoscopy reveals that airway
swelling has clearly subsided. To help reduce airway swell-
ing, judicious administration of diuretics can be used in
patients thought to be hypervolemic and well past the
acute inflammatory and resuscitative phases. A short

course of corticosteroids can be used to decrease airway
swelling in refractory cases. Steroids should only be used
in burn patients after weighing the risks and benefits of
possible earlier extubation. Positioning the patient with the
head elevated can also help by facilitating passive drainage
of lymphatic and interstitial fluids. Once swelling has
subsided, extubation should occur with the help of an
airway exchange catheter and/or FOB (Volume 2, Chapters
28 and 29).

Children with uncuffed ETTs should demonstrate a leak
around the endotracheal tube prior to extubation. One useful
strategy for pediatric patients with airway swelling is to place
a cuffed ETT of appropriate size for the child but not add any
air to the cuff. During the acute phase of the burn, edema
forms around the tube and obliterates any air leak. Once the
swelling subsides and the air leak returns, incrementally
small amounts of air can be added to the cuff to obtain a
“just seal” volume. This prevents the need for reintubation
with a larger tube, when a large leak develops impairing effec-
tive ventilation. Although placement of cuffed ETTs in chil-
dren remains controversial, we have employed this strategy
effectively and without complications (94).

FLUID RESUSCITATION
Vascular Access (Peripheral, Central, Intraosseous)
Reliable vascular access is essential for the successful resus-
citation of the burn trauma patient. Initially, two large-bore
IVs are placed. In patients with very large burns, which
include the extremities, peripheral IV access may not be
available. In severe burns to the extremities, veins may not
be available secondary to thrombosis from direct thermal
injury (Fig. 10). In these cases, emergent central line place-
ment is indicated. It is preferable to avoid inserting catheters
through burned or charred skin. However, in the absence of
any unburned sites, catheters may need to be placed through
burnt and charred skin. As burn patients are immunocom-
promised, strict aseptic technique for line placement is
essential to minimize line sepsis.

In patients with moderate to large-sized burns, the
need for rapid fluid administration and frequent blood
sampling as well as the relatively short life of peripheral
catheters in burn patients make central lines particularly
useful. In addition, central venous line placement may
provide useful pressure data helping to guide intravascular
fluid replacement (95). The choice for venous access should
be assessed on an individualized basis.

When emergency venous access is needed for a
child with a serious burn injury, intraosseous line place-
ment can be lifesaving. An intraosseous needle can be
placed into the bone marrow through cortical bone and
used to deliver fluids and medications until more definitive
venous access is obtained (96,97). Preferred sites for place-
ment include proximal medial tibia, distal femur, medial
malleolus, and proximal humerus (Fig. 11). We commonly
use an intraosseous needle for immediate fluid resuscitation
and stabilization of the airway. This will shortly be followed
by definitive vascular access such as a central venous cath-
eter. Complications of intraosseous line placement include
infection, extravasation of fluid at the site of insertion, and,
in extreme cases, compartment syndrome (98,99). Contrain-
dications to intraosseous infusion include fracture of the
proposed bone and infection overlying the insertion site. A
burn wound overlying the proposed site is not a contraindi-
cation, but one must exercise caution when using a bone

Figure 10 Extremity full thickness burns (A) hand and (B)

bilateral lower extremities. Burns of this severity cause

compartment syndrome, requiring escharotomy and occasionally

fasciotomy to release the compartment pressures and to decrease

ischemia to nerves and muscles. When hands (A) are burned this

severely (third- and fourth-degree), patients suffer physical and

psychological trauma.
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covered with burned skin, as the risk of infection may be
increased. Accordingly, the needle must be removed as
soon as alternate means of adequate vascular access is
obtained (always within 24 hours of the burn admission).
The technique for intraosseous needle placement is
described in Volume 1, Chapter 10.

Initial Resuscitation
Initial resuscitation focusses upon the restoration of circulat-
ing blood volume and reversing shock (100). Fluid resuscita-
tion is based on the percentage of total body surface burned.
For determining an approximate amount of fluid required
for the first 24 hours following the burn, several different for-
mulas have been described (Table 8). These include the use

of crystalloid, crystalloid in combination with colloid, or
hypertonic crystalloid (101–105).

When working with assistants and trainees with
less experience in caring for burn patients, it is useful to pro-
minently display the empirical formula utilized by the
institution in the trauma resucitation suite (Fig. 12). Resusci-
tation nurses should chart the fluids administered, and the
traumatologist then evaluates the clinical status of the
patient against the empirically calculated needs. Often
patients need more than the calculated needs.

Calculation of the amount of fluid required using the
Parkland formula should be based on the time the patient
was burned, not presentation to the burn unit, which may
be many hours later (Table 8). Many patients are transferred
to the burn center after significant delay from distant
locations. Frequently, the amount of fluid given during
transport is inadequate to restore adequate perfusion. In
these cases, the patient should receive a bolus of 10 to
40 mL/kg of lactated Ringer’s solution while being moni-
tored for urine output via bladder catheter and vital signs.

Standard formulas may significantly underestimate
the amount of fluid needed in children (Table 8). When
using the Parkland formula in small children, we often
find that we must increase this amount based on physiologic
response of the child or add weight-based maintenance
fluids. This is due to a higher percent BSA per mass ratio
compared to adults.

Parkland Formula
The Parkland formula is one of the most widely used method,
calling for 4 mL/kg/% BSA burn in the first 24 hours. The first
half of the volume calculated from the formula is adminis-
tered over the first eight hours, with the remainder given
over the next 16 hours to correlate with the timing of the great-
est capillary leak. The formal Parkland resuscitation protocol
should be initiated for all burns greater than 15% to 20% of
total BSA. In the second 24 hours, the patient is given 5%
albumin at a rate of 0.5 cc/kg/% BSA burned per hour,

Figure 11 Intraosseous line in a 7-month-old child with scald

burns to all extremities and 70% of total body surface area. This

figure is a closeup of the right lower extremity of the child shown

earlier in Figure 3.

Table 8 Initial Fluid Resuscitation Formulas

Formula Fluid type and volume, first 24 hrs Specifications

Parkland LR 4 mL/kg/% BSA burn

Colloid 0.3–0.5 mL/kg/% burn

1/2 given in first 8 hrs

Colloid given in second 24 hrs

Brooke LR 1.5 mL/kg/% BSA burn

Colloid 0.5 mL/kg/% BSA burn D5W

2000 mL

1/2 given in first 8 hrs

Modified Brooke LR 2 mL/kg/% burn

Colloid 0.3–0.5 mL/kg/% burn

1/2 given in first 8 hrs

Colloid given in second 24 hrs

Hypertonic saline (Monafo) 250 mEq Na/L Volume to maintain urine output

.30 mL/hr

Modified hypertonic saline LR þ 50 mEq NaHCO3 Volume to maintain urine output

.30 mL/hr

Pediatrics

Cincinnati–Shriners (pediatric burns) 4 mL/kg/% BSA burn þ 1500 cc/m2

BSA

First 8 hrs LR þ 50 mEq NaCO3

Second 8 hrs LR

Third 8 hrs LR þ 12.5 g 25% alb

Galveston–Shriners (pediatric burns) 5000 mL/m2 BSA burnþ 2000 mL/m2

BSA

LRþ 12.5 g 25% albþ D5W as needed

for [glu]

Note: Pediatric BSA ¼ [87 (HþW) 2 2600]/10,000, where H ¼ height in cm, W ¼ weight in kg.

Abbreviations: BSA, body surface area; LR, lactated Ringers solution.

Source: From Ref. 192.
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along with glucose containing maintenance fluids. The rate of
fluid administration is adjusted based on several parameters,
including vital signs, central venous pressure base deficit,
and urine output. As a general rule, the urine output
should be at least 0.5 to 1 mL/kg/hr for adults and 1 to 2
mL/kg/hr in children.

Brooke Army Formula
The Brooke army formula uses colloid as part of the initial
resuscitation fluid. Using the Brooke formula, patients
receive 0.5 mL/kg/% burn as colloid (5% albumin), in
addition to 1.5 mL/kg/% burn given as crystalloid. The
patient is similarly given half the amount over the first
eight hours and the remainder over the next 16 hours. At
UCSD Regional Burn Center, we use the Parkland formula
as a first approximation of fluid requirements and also
administer albumin or fresh frozen plasma based on moni-
toring of physiologic values (including serum albumin)
and studies of coagulation [e.g., prothrombin time (PT)
and partial thromboplastin time (PTT)].

During the initial resuscitation, fluid administration
is estimated using empiric formulas (e.g., Parkland, etc.);
subsequent fluids are administered based upon multiple

endpoints of resuscitation. The most commonly used
burn resuscitation markers are urine output, vital signs,
metabolic acidosis, and when available, central venous or
pulmonary capillary wedge pressures, and cardiac output.
Inadequate perfusion, reflected by deficits in the above par-
ameters, usually respond well to additional fluid boluses,

and the total fluid requirements in the first 24 to 72 hours
may be massive.

In the immediate postburn period, patients may have
depressed cardiovascular function, which progresses after
the first days of adequate resuscitation to a hypermetabolic
SIRS-like state characterized by falling SVR and sustained
increased cardiac index. On certain occasions, patients
demonstrate depressed cardiac output despite adequate
filling pressures (106,107). Etiologies include pre-existing
cardiomyopathy, depressed myocardial contractility from
circulating mediators (associated with burn wound
infection/sepsis), decreased coronary blood flow (elderly
with myocardial ischemia), and decreased responsiveness
to circulating catecholamines (108–111).

For patients with depressed cardiac function despite
adequate filling pressures, ionotropic agents may be necess-
ary. Treatment of the underlying cause of myocardial
depression is required for success (e.g., antibiotics or debri-
dement of infected burns or grafts, or treatment of myocar-
dial ischemia). If inotropes are necessary (after assuring
adequate intravascular repletion), their dosing and adjust-
ment should be based on data obtained from a properly
placed pulmonary artery catheter (PAC) (112,113). Depend-
ing upon hemodynamic conditions, dobutamine or milri-
none may be preferable to vasoconstricting agents such as
dopamine or norepinephrine, as the former increase
cardiac output without decreasing perfusion to the burned
tissue bed. PACs can be placed in children as well as
adults. We have successfully used a 5-French PAC in patients
as young as three years of age.

Figure 12 Parkland formula chart. This chart depicting the Parkland formula was drawn on the wall in a resuscitation suite set

up in Fallujah, Iraq. This chart helped corps caring for U.S. Marines fighting in Fallujah. Source: Photo courtesy of Joseph F. Rappold,

CDR, U.S. Navy.
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Ongoing Needs/Endpoints of Resuscitation
Endpoints of resuscitation continue to be studied to deter-
mine the ideal resuscitation fluids and volumes (intravascu-
lar vs. total body) as well as the ideal blood pressures and
intravascular osmolality, protein levels, and urine output.
Under-resuscitation leads to tissue ischemia and rapid pro-
gression of burn depth, a hypercoagulable state, renal
failure, and ultimately MODS. Over-resuscitation has other
obvious complications resulting from edema, including
decreased tissue perfusion and compromised pulmonary
oxygenation.

Mean arterial pressures (MAPs) are more suitable
numbers to follow than systolic pressures, because they are
more artifact-resistant, change less between the central
aorta and peripheral arteries where they are clinically
measured are influenced less by the increased catecholamine
state in the early postburn period, and regulate the perfusion
of numerous important pressure-dependent vascular beds
(e.g., cerebral blood flow, renal blood flow, etc.). Accordingly,
all severely burned patients should have intra-arterial cath-
eters placed to follow the MAP. The variation in the pressure
occurring with positive pressure ventilation is an important
sensitive measure of intravascular volume depletion. In this
case, following the systolic pressure variation (SPV) is
useful, because it is easy to see on the monitor and easy
for both nursing and physician staff to monitor. When the
delta down component of the SPV is greater than
10 mmHg, the patient is likely fluid behind on the resuscita-
tion (see Volume 2, Chapters 3 and 9 for more complete
explanation of the SPV).

The heart rate is also influenced by the high circulat-
ing epinephrine levels, making sinus tachycardia the
norm. A relative increase in the level of tachycardia,
however, may indicate continued hypovolemia. Certain
types of patients are more likely to benefit from the measure-
ments of pulmonary artery pressures. These include patients
who are not responding to aggressive fluid resuscitation
with persistent hypotension and/or oliguria, patients with
associated cardiopulmonary or renal disease, elderly
patients, patients with large full thickness surface area
burns, and/or significant smoke inhalation. Hyperdynamic
resuscitation using PACs to guide resuscitation results in a
greater amount of fluid administered and longer time to
adequate resuscitation (114).

Lactate levels analyzed in burn patients have been
found to correlate with mortality (115). Using lactate levels
to guide fluid resuscitation can result in the administration
of quantities of fluid in excess of that predicted by standard
formulas. But it should be recognized that the empiric for-
mulas are provided only to guide initial therapy and that
subsequent fluid administration is titrated depending upon
the various endpoints of resuscitation.

Urine output has been the gold standard for resuscita-
tion endpoints for many years. A volume of 0.5 cc/kg/hr in
adults and l.0 cc/kg/hr in children is used to guide fluid
resuscitation volume adjustments. Urine output may not
accurately reflect the volume status in patients who are
diuresing secondary to osmotic loads (e.g., hyperglycemia,
ethanol, or mannitol). The presence of smoke inhalation
greatly increases the amount of fluid required to maintain
intravascular volume (116).

The concept of electrolyte resuscitation, in addition to
fluid resuscitation, is becoming increasingly recognized.
Patients with large surface area burns often have ongoing
deficiencies in magnesium and phosphate. Low magnesium
levels are associated with cardiac dysrhythmias, primarily

supraventricular tachycardias deficiencies in both are associ-
ated with gastrointestinal ileus, and hypophosphatemia is
associated with proximal muscle weakness and prolonged
ventilator dependence secondary to muscle weakness.
During the resuscitation phase, electrolyte levels can be
checked several times a day and repleted as necessary.
Hypocalcemia is frequently associated with massive resusci-
tation, especially in the setting of large quantities of blood
products (due to the citrate used for anticoagulation).
Accordingly, ionized calcium values should be closely mon-
itored and repleated as needed.

Increase in hemoglobin or hematocrit levels indicate
that resuscitation is falling behind. A drop in hematocrit is
normally seen following adequate intravascular resuscita-
tion for large surface area burns. The normal reduced hem-
atocrit value is due to a combination of red cell damage in
the burned skin and red cell lipid peroxidation due to
mediator release. Any associated trauma-related blood loss
or hemorrhage during early burn excision and faschiotomies
contribute to the postburn anemia as well. Hematopoiesis is
also impaired and the erythrocyte half-life is shortened. Iron
supplementation is usually given with red cell transfusions
to maintain adequate oxygen delivery, especially with
blood loss from frequent surgical interventions.

Evaporation can result in significant free water loss
from open wounds. Formulas have been derived to calculate
the amount of free water to be replaced to avoid hypernatre-
mia and dehydration, which can manifest within hours of
major burn injury (Table 8).

OPERATING ROOM AND ANESTHETIC CONSIDERATIONS
Preoperative Assessment
Preoperative evaluation starts in the ICU with a thorough
preoperative history and physical examination. The burn
mechanism as well as the total BSA burned are fundamental
requirements for preop evaluation of the burn patient.
Airway issues are reviewed along with respiratory and
volume status, IV access, and estimated blood loss (117).
Specific elucidation of comorbidities, cervical spine status,
associated injuries, allergies, etc. are all critical adjuncts to
safe care. Other issues such as vascular access, current moni-
toring, cardiopulmonary function, hematologic status, renal
function, opioid tolerance, and neuromuscular blockade
should be rigorously investigated, as these issues can
present formidable challenges to successful perioperative
burn care.

The airway is assessed for a possible difficult intuba-
tion, and currently intubated patients are evaluated for diffi-
culty of reintubation, tube positioning, and the method used
to secure the ETT or tracheostomy. The bedside burn nurse
and respiratory therapists are queried about secretion man-
agement, difficulties with oxygenation/ventilation, changes
in compliance or resistance, and any difficulties in keeping
the tube in the appropriate position are also noted.

After documenting the patient’s airway and venti-
lation status, the adequacy of the existing IV access is
assessed, and the need for arterial or additional central
venous monitoring or fluid administration lines is deter-
mined. High-resistance (16 g, 18 g, 20 g) triple lumen
lines should be changed over a wire to a 9 Fr. Cordis in

the OR prior to starting surgery when large blood loss is
anticipated. Because of the length of the relatively small
diameter catheters, triple lumen lines are often inadequate
during the initial resuscitation (when massive fluid rates
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require shorter, large bore catheters). However, it is not
uncommon for massively burned patients to have these
triple lumen central line for access and monitoring after a
couple days in the ICU. These high-resistance triple lumen
lines are often woefully inadequate for the large fluid resus-
citation rates required in the OR to replete the massive blood
loss that often occurs with tangential excision of burnt tissue
(accordingly, these should be converted to large bore lines).
It is less traumatic to start IV lines, obtain blood samples,
place bladder catheters, and perform other painful pro-
cedures in children and adults after the induction of
general anesthesia, provided adequate monitoring is in
place.

In preparation for leaving the ICU, one should con-
sider removing unnecessary pumps or drips to minimize
the quantity of equipment transported to the OR. Before
leaving the ICU, the availability of backup equipment and
drugs to manage hemodynamic instability and the airway
in case of accidental extubation is assured. A self-inflating
bag or portable ventilator should accompany the transport
team if using an elevator. That way, in case of accidental
break down of elevator service, positive pressure ventilation
could be provided. Additional personnel should accompany
the anesthesiologist to assist with moving the patient and
their equipment so the anesthesiologist can pay full attention
to the patients’ airway, ventilation, and hemodynamic status.
Using a transport ventilator is recommended for patients
with severe pulmonary disease. Indeed, significant
amounts of lung volume can be lost from hand-ventilating
patients requiring high levels of positive-end expiratory
pressure (PEEP), which can lead to refractory hypoxemia.
Finally, anesthesiologists often administer sedatives and/or
analgesics prior to leaving the ICU, because patients are
often anxious and may incur pain during transport. This
practice can lead to abrupt hypotension in patients with
hypovolemia or impaired ventricular function. Accordingly,
the patient should be monitored for at least two to five
minutes following any bolus drug that might have hemody-
namic consequences to ensure stability of cardiovascular
status prior to transport.

Intraoperative Airway Management
Airway management in the OR is always the first priority,
and many factors can make this difficult. When patients
come to the OR with an ETT in place, it can be easily
dislodged moving to and from the OR table. Patients
who are burned on the face may be difficult to mask
ventilate. Patients with previous facial and neck grafts
may have scarring, limiting neck movement, making laryn-
goscopy and intubation difficult. Securing the ETT in pos-
ition can be difficult when the face is burned. Hy-tape
sticks poorly to burned skin, which often has antibacterial
ointment applied to it, necessitating the use of ETT ties
or wiring to the teeth (Fig. 13). Many patients will also
have naso-gastric tubes, which must remain in the proper
position.

Some patients require prone positioning during
burned skin excision or to obtain grafts. Prone positioning
can be very hazardous, as the ETT can easily move or
come out during the turn. Foam pads and eye protection
must be used to protect the face. In the event of an emer-
gency while in the prone position, the gurney will be
needed to turn the patient back to supine. Therefore, the
location of the gurney must be made known to all personnel
in the OR.

Blood and Fluid Replacement
Blood conservation measures, including epinephrine

tumescence of wounds and donor sites, topical epineph-
rine, and extremity tourniquets, can decrease operative
blood loss during tangential excision by 50%. Burn
wound excision and skin graft closure is associated with
substantial intraoperative blood loss (118–121). Blood loss
is especially rapid and profound during tangential excision
of burns. Blood loss can also be significant in donor sites
as well. Estimates of blood loss in adults during burn
surgery range from 196 mL (119) to 269 mL (121) for each
percent of BSA excised and grafted. This equates to loss of
35% to 50% of the blood volume from a 70-kg man during
excision and grafting of one upper extremity.

The institution of blood conservation methods, such as
epinephrine tumescence (subcutaneous infusion of saline
mixed with epinephrine, also known as clysis) of burn
wounds and donor sites, combined with the use of topical
epinephrine, have significantly reduced blood loss during
burn surgery (122–126). Indeed, in one recent study, the esti-
mated blood loss was reduced from 211 +166 mL/% BSA
excised and grafted historical controls to 123 + 106 mL in
the “blood conservation” group (P ¼ 0.02) (124).

The topical application and the subcutaneous infusion
of saline/epinephrine have the potential for increasing blood
pressure and pulse. Accordingly, the quantities should be
monitored along with vital sign perturbations (127). Gener-
ally, only minimal, statistically insignificant increases in
heart rate are seen, and dysrhythmias are rarely encoun-
tered. However, a modest acute rise in blood pressure is
seen in the majority of patients (127). The rise in MAP is nor-
mally not clinically significant, that is, it does not require any
specific treatment. Overall, the hemodynamic response is
small relative to the very large doses of epinephrine admi-
nistered, and relatively safe from a cardiovascular stand-
point. However, there is an element of unpredictability in
the MAP response likely related to variations in systemic
absorption of the epinephrine (127).

In preparation for the anticipated substantial intra-
operative blood loss, packed red blood cells and/or other
blood products should be in the room prior to starting the

Figure 13 Endotracheal tube secured with twill tape. The

remaining skin of burn patients is often not conducive to sticking

tape. Accordingly ties are used as shown here, or tubes can be

sutured to the teeth (not shown).
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excision. Inadequate fluid replacement will lead to hypoper-
fusion and shock, and excessive replacement will lead to
unnecessary edema. Adequate IV access, connected to an
efficient fluid warmer, should also be assured.

Extremity tourniquets can also reduce blood loss. This
requires an experienced surgeon who is comfortable in
assessing the wound depth and viability. Thrombin or epi-
nephrine is used topically to slow bleeding after the excision
of burned tissue. In deep burns, fascial excision results in
decreased blood loss, compared to tangential excision. The
decreased blood loss with fascial excision can be lifesaving
in critically ill patients. Because of the large blood losses
possible, tangential excision and grafting are seldom
performed on more than 20% to 25% of the total BSA at
one time.

Monitoring
Monitoring arterial blood gases, central venous pressures,
urine output, and estimates of blood loss are critical
during excision and grafting of burns. The previously
described endpoints of resuscitation are followed intra-
operatively. All sick patients going for debridement pro-
cedures should have a foley catheter in place and an
accurate record of urine output throughout the case. Patients
with large burns, requiring significant grafting or debride-
ment, should have blood pressure monitored with in-
dwelling arterial catheters. Patients with coexisting diseases,
which impair cardiopulmonary function, may require moni-
toring of pulmonary artery pressures and cardiac output
with a PAC.

Skin sites suitable for the placement of electrocardio-
gram leads may be scarce due to the magnitude of the
burn. One solution is to use needle electrodes, which can
be sutured or stapled in place (Fig. 14). Another approach
is to use surgical staples attached via alligator clips.

Pulse oximeter probes often function poorly in under-
resuscitated patients (peripheral vasoconstriction), and suit-
able locations for placement are less available. The tongue,
cheek, and penile foreskin are useful sites for probe

placement, as these locations tend to give a strong signal
even when peripheral vasoconstriction is occurring.
NellcorTM (Pleasanton, California, U.S.A.) makes a clip on
probe that is ideal for these sites (Fig. 15). Reflectance pulse
oximetry probes have been shown to be useful in burn
patients (128), but these are more prone to artifact; thus, in
unstable patients, tongue, or lip positioning is recommended.

Temperature regulation as described above can be
difficult but essential to the optimal care of the burned
patient. The threshold temperature at which thermoregula-
tory responses are initiated is higher in burn patients due
to the hypermetabolic state. General anesthesia decreases
responses to hypothermia such as vasoconstriction, shiver-
ing, and behavioral responses. Increases in metabolic rate
are minimized when the patient is cared for in a thermal
neutral environment. The most efficient way to keep the
patient euthermic is to warm the OR prior to arrival. Once
the patient is draped and covered with heating blankets,
the OR can be cooled, providing the exposed burn surface
areas are small.

Anesthetic Technique
Anesthesia is best provided using a balanced technique,
combining oxygen, opioid, a volatile anesthetic (or propo-
fol), and neuromuscular blockade. The choice of opioid or
volatile agent is not critical so long as the anesthesiologist
has a firm understanding the pathophysiologic conse-
quences of burns. Massive doses of opioids may be necess-
ary secondary to tolerance and increases in clearance.
Volatile agents may cause significant hypotension during

Figure 14 Electrocardiogram (ECG) leads clipped to skin.

Finding skin to apply electrocardiogram leads can be

problematic in burn patients. Shown here is an ECG lead

applied to the scalp.

Figure 15 Nellcor clip. Pulse oximetry sites are often

scarce in severe burns. Lips are well vascularized and, if available,

work well. Nelcore makes off-the-shelf clip for the lip (shown).

Alternatively, other leads can be jury-rigged to work on the lip

(as shown in Fig. 3).
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the excision phase of the operation when blood loss is rapid
and thus should be lowered in anticipation.

N2O has theoretical reasons to be avoided, including
its megaloblastic bone marrow suppression with prolonged
administration (due to N2O inhibition of vitamin B12 meth-
ionine synthase) and relative contraindications related to
any associated trauma with closed air spaces where N2O
can accumulate (e.g., pneumothorax, pneumocephaly, and
gas-filled bowel loops). However, brief periods of N2O
(i.e., 5–10 minutes of 50% or less) from time to time is prob-
ably inconsequential, especially in nontraumatized well-fed
burn patients (without baseline deficiencies in vitamin B12 or
folate).

Succinylcholine is contraindicated more than 48 hours
following large (.30% BSA) burns, as it causes exaggerated
release of potassium discussed above in the section on resus-
citationmanagement(andVolume2,Chapter6) (84,87,88,129).
Burn patients develop significant resistance to nondepolariz-
ing muscle relaxants, often to drastic levels (86,88,129–131).
This resistance to nondepolarizing muscle relaxants is
mostly due to an increased number of acetylcholine recep-
tors at the neuromuscular junction and in muscle both
near and distant to the burn. This alteration in pharmacody-
namics begins as early as one week after the burn and may
last up to 18 months (131). Increased dosage of neuromuscu-
lar blockade drugs is often required to achieve adequate
muscle relaxation in these patients. Regional anesthesia
can be used in burn patients, but neuraxial anesthesia is
associated with hypotension in larger BSA burn cases.

Massive Resuscitation Complications
Hemoconcentration vs. Anemia

An elevated hematocrit secondary to hemoconcentration
is frequently present in burn patients soon after injury,
indicating the immediate need for aggressive intravascular
volume repletion. With appropriate fluid repletion, this
is usually followed by progressive anemia (unless blood
transfusions are excessive) (132). Anemia following burn
injury is multifactorial and caused by blood loss associated
with surgery, fluid repletion, hemolysis, and a fall in bone
marrow production (133). Many patients will need multiple
transfusions. The goal of transfusion therapy should be
to provide adequate tissue oxygenation and not to transfuse
to a certain predetermined hematocrit level. Unstable
patients or patients with severe pulmonary injury and
associated hypoxemia will need higher hemoglobin levels
than those patients who are hemodynamically stable and
adequately oxygenated.

Coagulopathy
A transient decrease in platelet count often occurs shortly
after burn injury secondary to consumption in burned
tissue and smoke injured lung. Only rarely is treatment
necessary (134). After significant burn injury, coagulation
factors decrease from both dilution and consumption with
inadequate replacement. Replacement with both fresh
frozen plasma and platelets may be necessary, especially
during operative procedures with large excisions and conse-
quent blood loss. Later in the postburn period, patients
become hypercoagulable and are at risk for deep venous
thrombosis (DVT) and pulmonary embolus (PE). Attention
to thromboembolism prophylaxis is critical (Volume 2,
Chapter 56) due to the dramatically increased risk of
venous thromboembolic disease in the burn patient.

Acidosis
Major thermal injury causes many physiologic derange-
ments during and after resuscitation. Blood sampling for
evaluation of chemistry and hematologic abnormalities
can be helpful to guide therapy during the resuscitation
of burn patients. Soon after the burn injury, laboratory
values will reflect a hypovolemic shock state, including an
elevated hematocrit, metabolic acidosis, elevated blood
urea nitrogen (BUN), and creatinine. Patients who are inade-
quately resuscitated will develop oliguria. Once the initial
resuscitation is completed and fluid replacement based on
the Parkland formula or equivalent is accomplished, circu-
lating blood volume should be adequate and urine output
should be at least 0.5 mL/kg/hr. During this time, electrolyte
abnormalities frequently occur. Specifically, hyper- or
hypokalemia, hyponatremia, hypomagnesemia, hyperpho-
sphatemia, hypoalbuminemia, hyperglycemia, and hypocal-
cemia (135). Replacement should be made on an individual
basis, with sliding scales being useful in the intensive care
setting. In the first few days, we typically monitor electro-
lytes and albumin every 8 to 12 hours or more frequently,
if needed. One can expect serum albumin to fall rapidly
and stay low for the duration of the acute burn (despite the
administration of exogenous albumin along with crystal-
loid), slowly rising back toward base line over weeks to
months. Indeed, the percent BSA burned correlates directly
with the nadir and duration of hypoalbuminemia (136).
While the routine use of albumin is controversial, at UCSD,
we typically administer albumin (0.5–1 g/kg) in the form
of 5% or 25%, depending upon the overall fluid require-
ments, along with fresh frozen plasma, to maintain a
serum albumin greater than 1.7 mg/dL (the level at which
patients frequently develop pulmonary edema) (137,138).
Albumin levels are monitored daily, until adequate and
stable. The sooner wound coverage occurs and the better
the enteral nutrition is tolerated, the sooner endogenous
protein levels begin to normalize.

Metabolic acidosis, when present, may signify
inadequate resuscitation. In burn patients, it is usually not
helpful to treat metabolic acidosis with sodium bicarbonate,
unless the patient is concomitantly receiving adequate fluid
resuscitation.

Later in the clinical course, after the initial resuscita-
tion and several surgeries, many patients develop a meta-
bolic alkalosis. The cause of the alkalosis is multifactorial
and includes transfusions of blood products preserved
with citrate, as well as the use of loop diuretics. This can
be treated by eliminating the causative agent or, in rare cir-
cumstances, using acetazolamide (diamox), which facilitates
the renal reabsorption of acid. Alternatively, one can use IV
or oral arginine hydrochloride at a dose of 1 mEq/kg admi-
nistered once or twice daily.

Hypothermia
During the fluid resuscitation phase of treatment, hypother-
mia is common in the early postburn period. This occurs
from both exposure at the scene and evaluation and treat-
ment, once the patient arrives at the hospital. Patients with
burn injuries are particularly susceptible to hypothermia
due to a loss of their cutaneous barrier and central thermal
dysregulation. Hypothermia is aggressively treated and pre-
vented during resuscitation by all routine measures, includ-
ing keeping the patient covered, warming the room, using a
heating pad on the table or bed, using warmed IV fluids, a
convective heating blanket, and using a humidified heated
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breathing circuit if the patient is intubated. These are the same
measures one would use in the OR to minimize heat loss and
prevent hypothermia (see Volume 1, Chapter 40 and Volume
2, Chapter 11) (139).

SURGICAL DEBRIDEMENTCONSIDERATIONS

Initial wound management consists of removing the burning
source, including smoldering clothing and/or corrosive
chemicals. Cooling the burn wound does prevent histamine
release, which temporarily decreases edema formation and
provides some pain relief. Cooling should only be used for
small areas; should not involve the use of ice; and should
not be continued for more than 30 minutes after the injury.
Care should be taken to avoid hypothermia, which can
affect cardiac output and perfusion.

Direct attention to wound care should be deferred until
fluid resuscitation and airway/ventilator management are
underway. Hypothermia should be prevented during this
period of time. Once pain management has been initiated,
the wounds are cleaned with a mild detergent. Dilute
chlorhexidine is used in our burn unit. Debridement of
loose, blistered skin is performed with forceps and scissors.
Large blisters are debrided to avoid the accumulation of
prostaglandin-rich blister fluid, which can become infected
and cause vasoconstriction of the underlying wound bed.
Some practitioners debate the merits of debriding large
blisters, citing the benefits of maintaining an environment
for moist wound healing and pain control. Debridement in
hydrotherapy tanks had been popular, but shower trolleys
are beginning to take their place because of better control of
hypothermia monitoring and ventilator management.

Burn wounds were traditionally treated with topical
antimicrobial agents, but the science of temporary skin sub-
stitutes has advanced over the past two decades to the point
where their use has minimized the need for topical agents on
noninfected wounds. Skin substitutes reduce pain and expe-
dite healing (see below and Tables 9 and 10).

Full thickness burn wounds need to be excised

and grafted to achieve healing, and early surgical excision
has directly led to improved survival. Excision and graft-
ing are done as soon as the patient is stable enough from a
hemodynamic and pulmonary standpoint, often within the
first 24 to 48 hours postburn even for very large BSA
burns. The timing is dependent on several factors: when
the clinical judgment can be safely made to distinguish
what will heal in a timely fashion from what will not, the
patients’ ability to tolerate safe transfer to the operating
theater, and the ability of the operating team to safely and
expeditiously excise the devitalized tissue. It is imperative
that this is coordinated with all members of the operating
team, including anesthesiologists, blood and tissue banks,
etc., to assure that the hematologic and hemodynamic
needs of the patient can be addressed expediently. During
initial excisions, fluid and blood losses may be significant
and dramatic.

Pulmonary issues can also be a limiting factor for
transport in patients with high oxygen and PEEP require-
ments. Indeed, physical transport to the OR for these
patients is complicated and at higher risk than normal.
Some burn centers are prepared to routinely perform a
complete excision of the entire burn wound soon after
admission. More commonly, many burn centers perform
the first of many staged surgical excisions after the initial

resuscitation and stabilization (i.e., at approximately 2–3
days postinjury). Repeated trips to the OR are done every
several days, depending on the patient’s clinical status,
until all the burn wound is excised. In either of these scen-
arios, if there are not enough available donor sites, tempor-
ary wound coverage is applied (see below).

Early excision and temporary coverage have contribu-
ted greatly to a decrease in mortality in large surface area
burns (140). There is no difference in survival between
serial debridement over multiple surgical procedures
versus excision of the entire burn in one procedure, though
the length of stay can be shortened (141). Major excisions
by simultaneous experienced teams can be performed
safely and efficiently when well coordinated.

Blood loss during excisional procedures varies with
the technique that is used, as well as the number of days
postinjury. Tangential excision involves a layer-by-layer
shave excision of nonviable tissue until a completely viable
bed is obtained (142). Large blood losses frequently
occur with tangential excision, because the clinical

endpoint of adequate debridement is a diffusely bleeding
wound bed. Inadequate excision results in poor graft
take, necessitating further surgery. Fascial excision involves
complete excision of all skin and subcutaneous tissue
down to the muscle fascia typically done with electrocautery
and results in much less bleeding than tangential excision.
This latter technique is used for patients with large full
thickness burns that are life threatening and require rapid
surgery. This technique leaves less variability in the wound
bed, resulting in a better graft take and also in a more dis-
figuring appearance, and lymphedema invariably develops
in areas distal to the excision.

Excisional procedures done between 2 and 14 days fol-
lowing injury are associated with greater blood loss per area
excised due to an inflammatory reaction within the burned
tissues (143). Methods of obtaining hemostasis include
cautery, topical epinephrine solution, injected dilute epi-
nephrine solution, tourniquets for extremity excision,
topical thrombin, and topical fibrin sealants.

BURNWOUND COVERAGE AND GRAFTING OPTIONS

For larger burns, excision of burn eschar within the first days
after thermal injury appears to decrease mortality, most
likely from decreased infection (144). Different approaches
to initial management of burn wounds can be used, includ-
ing cadaveric allograft, synthetic or a biosynthetic covering.
Once the wounds are mature, harvesting of the patient’s skin
for grafts can be used for definitive covering. During these
surgeries, extensive blood and fluid losses can be expected,
which will require careful replacement.

Temporary skin substitutes are increasingly
being used in place of topical antimicrobial agents
primarily for partial thickness burns. In properly selected
burn patients, these adhere to the wound bed until it is
re-epithelialized, avoiding painful dressing changes and
resulting in faster healing. These dressings facilitate
healing and protect the wound bed from desiccation and
infection. Biobranew is a semisynthetic bilayer dressing
material composed of knitted elastic nylon fabric that is
mechanically bonded to a thin, silastic, semipermeable
membrane, and coated with collagen polypeptides. Biobrane
is used for partial thickness wounds in place of topical
agents. Biobrane has been shown to reduce evaporative
water loss from burn wounds by 90% in test animals and
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thereby prevent wound dehydration (20). Biobrane has also
been shown to simplify dressings and reduce pain in
selected partial-thickness burns (21).

TransCytew (Advanced Tissue Sciences, La Jolla,
California, U.S.A.), a newer skin substitute, incorporates
human fibroblasts into Biobrane. The membrane is bio-
compatible and protects the burn wound surface from
environmental insults. In addition, the membrane is semi-
permeable, allowing for fluid and gas exchange. As the
fibroblasts proliferate within the nylon mesh, they secrete
human dermal collagen, matrix proteins, and growth
factors (145).

No cellular metabolic activity remains, because Trans-
Cyte is stored and delivered frozen. However, the bioengi-
neered human dermal matrix contains essential structural
proteins (collagen types I, III, and V), provisional matrix pro-
teins [fibronectin, tenascin, and secreted protein acidic and
rich in cysteine (SPARC)], glycosaminoglycans (versican,

decorin), and growth factors (transforming growth factor,
beta-1 keratinocyte growth factor, vascular endothelial
growth factor, and insulin-like growth factor-1) (146).

TransCyte is indicated for use as a temporary skin
replacement for mid-dermal to indeterminate depth partial-
thickness burns. TransCyte is also appropriate as a temporary
covering for surgically excised full-thickness and deep
partial-thickness burns prior to autografting. Healing is expe-
dited and hypertrophic scarring is minimized (146).

After the burn wound bed has been thoroughly
cleansed and debrided, TransCyte is applied in a sterile
fashion. Surgical staples or steristrips may be used to
ensure adequate adherence to the burn wound bed. Trans-
Cyte should be dressed with a bulky dressing for at least
24 hours and inspected after placement. Similar to
Biobrane, TransCyte mesh is not biodegradable; it should
be removed after healing has occurred. Wound care is also
facilitated due to decreased pain and lack of need for daily

Table 9 Temporary Skin Coverage Products

Product Indication Clinical considerations

Allograft (human cadaver skin) Temporary covering for excised burns

or wounds.

The gold standard for temporary wound

closure (decreasing fluid loss), prepares

tissue bed for later autografting, provides

dermal bed for eventual CEA. Burn-induced

immunosuppression allows allograft to

remain intact for 2–3 weeks

Zenograft (e.g., pigskin) Temporary covering for excised burns

or wounds.

Clinical considerations same as for allograft

Contraindicated if known hypersensitivity to

porcine products

Biobranewa (silastic membrane

bonded to nylon mesh)

Temporary covering for clean, debrided

superficial and partial-thickness

burns and donor sites.

Minimizes painful dressing changes

Remains in place until wound is healed,

then is trimmed away

Fluid accumulation occasional problem

Successful use at UCSD for 25 yrs

TransCytewb (polymer membrane

with human fibroblast cells

cultured on a nylon mesh coated

with porcine collagen)

Temporary covering for middermal to

indeterminate-depth burns that

require debridement but are expected

to heal without surgical grafting. Also

indicated as a temporary covering for

surgically excised full thickness and

deep partial-thickness burns prior to

autografting.

Minimizes painful dressing changes. Remains

in place until wound is healed

TranCyte takes Biobrane concept to next

level—remarkable healing seen with

decreased blistering and less hypertrophic

scarring

Contraindicated if known hypersensitivity to

porcine dermal collagen or bovine serum

albumin

Dermagraftwc Allogenic dermal

fibroblasts cultured from human

neonatal foreskin are seeded onto

a bioabsorbable polyglactin mesh.

Cells proliferate and produce

dermal collagen, growth factors,

and fibronectin during a 2- to

3-wk period.

May be a suitable skin coverage

material for large surface area burns.

FDA approved for full thickness burns.

Previously approved only for the

treatment of foot ulcers in diabetic

patients (Canada and United

Kingdom). Living dermal equivalent

that contains allogenic neonatal

fibroblasts on a bioabsorbable

polyglactin mesh.

Similar to TransCyte (fibroblasts

produce a dermal matrix of collagen,

proteins, and growth factors).

TransCyte, however, does not consist of a

bioabsorbable mesh and does not

necessarily require additional

autografting

Generally applied weekly for up to 2 months to

promote healing

aBiobrane (Bertex Pharmaceuticals, Morgantown, West Virginia, U.S.A.).
bTransCyte (Advanced Tissue Sciences, La Jolla, California, U.S.A.).
cDermagraft (Advanced Tissue Sciences, La Jolla, California, U.S.A.).

Note: Biobrane, TransCyte, and Dermagraft can also be used as a temporary protective covering over meshed autografts (in place of other products such as

xeroform gauze, and mineral oil soaked gauze, etc.).

Abbreviations: CEA, cultured epidermal autografts; FDA, Food and Drug Administration; UCSD, University of California San Diego.

Source: From Ref. 193.
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dressing changes. Both Biobrane and TransCyte have tre-
mendously advanced burn management, especially in the
pediatric age group.

Full thickness wounds require grafting with split thick-
ness skin grafts harvested from unburned areas. These grafts
are either harvested at the time of excision or can be done as a
staged procedure at a later time if patient stability is in ques-
tion, or if the resulting open wound is judged to be too great a
physiologic stress, or if there are no further available donor
sites. In this last instance, the donor sites that have been
used previously need to heal before they can be reharvested.
Split thickness donor sites have residual dermis, which is left

to repopulate the wound with epidermal cells much like
healing second-degree wounds. The grafts are meshed in
different widths of expansion to allow available donor sites
to cover larger surface areas and to allow for drainage of
blood and serum from under the grafts. Unmeshed grafts
are reserved for areas of function or cosmesis such as the
hand and face. The grafts need to be in direct contact with
the underlying wound bed to allow revascularization.
Blood begins to flow to the grafts within three days, when
the grafts clinically look pink and are adherent. Fibrin
sealant is now used to “glue” the grafts in place to improve
graft take and avoid the need for staples, which are painful

Table 10 Permanent Skin Replacement Products

Product Indication Clinical considerations

Integrawa (porous matrix of

cross-linked bovine tendon

collagen and a

glycosaminoglycan with a defined

degradation rate. Covered with a

temporary silastic epidermis)

Dermal regeneration template following

excision of full thickness or deep

partial-thickness thermal injury where

sufficient autograft is not available at the

time of excision (e.g., pediatrics or

elderly).

Provides immediate postexcisional

physiologic wound closure. Also used

for delayed reconstruction in which full

thickness donor sites are lacking.

After approximately 21 days, adequate

vascularization of the dermal layer

occurs, and the temporary silastic layer is

removed. A thin layer of meshed

epidermal autograft (0.005 in.) is then

placed over the “neodermis”

Must be protected against shearing forces,

mechanical dislodgement and infection

Contraindicated in patients with a known

hypersensitivity to bovine collagen or

chondroitin materials

Contraindicated in the presence of

infection

AlloDermwb (human cadaver skin

chemically treated to remove the

epidermis, the dermis is then

decellularized, forming an

immunologically inert dermal

graft)

For treatment of full thickness burns and

use in plastic and oral surgery.

Immunologically inert accelular dermal

graft

Immediate wound closure allowed by

placing a thin epidermal autograft

(0.003–0.006 in.) during same

procedure

Postoperative dressing may remain in place

for 14 days or longer

Apligrafwc [Type I bovine collagen

and fibroblasts are mixed and

heated to form a matrix. Gel

contraction occurs for 1 wk, then

keratinocytes (derived from

human neonatal foreskin) are

added.]

For use in conjunction with standard

compression for noninfected venous

stasis ulcers of greater than 1 month’s

duration not responding to conventional

ulcer therapy; for use with conventional

diabetic foot ulcer of greater than 3 wks’

duration.

Bilayered living cultured human skin

Only available fresh, shelf-life ¼ 5 days

Additional grafting not required

Contraindicated on infected wounds or

known allergy to bovine collagen, or

hypersensitivity to the agarose shipping

medium

Epicelwd (cultured epidermal

autografts)

For treatment of deep dermal or full thick-

ness wounds where sufficient donor sites

are unavailable.

Cultured keratinocytes can be grown

in 3 weeks

Graft take varies from poor to fair. Best

results are when grafted on a dermal

replacement. Process is expensive.

Grafts extremely fragile and may remain

so for months after grafting

OrCelwe (cultured epidermal

autografts)

A bilayered cellular matrix composed of a

collagen sponge cultured with allogeneic

keratinocytes and fibroblasts derived

from neonatal foreskin tissue.

aIntegra (Integra Life Sciences, Plainsboro, New Jersey, U.S.A.).
bAlloDerm (Life Cell Corporation, The Woodlands, Texas, U.S.A.).
cApligraf (Graftskin; Organogenesis Inc., Canton, Massachusetts, U.S.A.).
dEpicel (Genzyme Tissue Repair Corporation, Cambridge, Massachusetts, U.S.A.).
eOrCel (Ortec International, Inc., New York, New York, U.S.A.).
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and time-consuming to remove, or sutures, which are time-
consuming to place.

For large burns, adequate skin for grafting may not be
readily available. In these situations, temporary (Table 9) or
permanent (Table 10) skin substitutes may be required. The
gold standard for temporary biologic skin coverage had
been allograft (human cadaver skin). Structurally and func-
tionally, fresh human cadaver allograft skin is the best tem-
porary skin substitute. Allograft is available from tissue
banks across the country in a frozen state, which is thawed
quickly at the time of use. All donors are tested for transmis-
sible diseases, and the skin is not released until negativity is
confirmed. Xenograft (pigskin) is available and can be used
to temporarily close the wound and prepare the tissue bed
for later grafting (unless the patient is allergic to porcine
product).

Integraw (Integra Life Sciences, Plainsboro, New
Jersey, U.S.A.) was approved by the Food and Drug Admin-
istration (FDA) in 1996 for the postexcisional treatment of
life-threatening full-thickness or deep partial-thickness
burns where sufficient autograft is not available at the time
of excision or is undesirable due to the physiologic condition
of the patient. Integra is a bilayered artificial skin substitute
that allows regeneration of the dermis by ingrowth of vessels
and cells into the inner dermal layer. The outer layer consists
of a silicone sheet, which is eventually removed and
replaced with either cultured epidermal cells or thin split
thickness skin grafts after the dermis has regenerated, two
to three weeks after original placement (147). Because
Integra is susceptible to infection, it cannot be placed adja-
cent to unexcised burn wound. It is also being used for the
reconstruction of burn scar contractures as an alternative
to full thickness skin grafts (148).

Methods were established for the culture of large
numbers of human epidermal keratinocytes as well as
dermal fibroblasts over the last two decades in our lab at
UCSD (149,150). John Hansbrough, M.D., along with
Steven Boyce, Ph.D. developed a design for the transplan-
tation of skin substitutes for burns. Currently in clinical
trials, it is awaiting the FDA approval.

Cultured epidermal autografts (CEA) are used in large
surface area burns when donor sites are limited. Present tech-
niques allow for enough skin to cover the entire body cul-
tured from 2 � 6 cm biopsies of unburned skin grown in
tissue media within three weeks. The cultured skin consists
only of epidermal cells, six to eight cell layers thick, and is
very fragile without underlying dermis. Various techniques
are used in an attempt to supply dermis, including alloder-
mis (allograft is allowed to engraft, then the epidermis is
removed at the time of CEA application), freeze-dried, cell-
free allodermis (Table 10). Cultured skin is fragile, suscep-
tible to infection, and can have variable “take” rates.
However, these artificial permanent skin substitutes are
potentially lifesaving in the patient with minimal donor sites.

Skin substitutes or bioengineered skin replacements
are a subject of intense research. The most clinically studied
is a collagen-glycosaminoglycan substrate layered with
autologous keratinocytes (117). The take rate is comparable
or better than cultured epithelial autografts, .75%, and
may be more durable. Smaller donor sites are possible,
though time is needed to culture the patient’s keratinocytes.

The back and other posterior surfaces of the patient
represent substantial additional considerations for burn
grafting. The back is an excellent donor site, especially
when very extensive areas of skin grafts are required for
wound coverage. The skin on the back is about twice as

thick as many anterior surfaces of the body used for donor
sites. A thicker dermis allows more rapid healing and
earlier reharvesting, and the potential for a hypertrophic
scar is less on the back compared with other areas. Finally,
the back is a large flat surface. With the infusion of saline sol-
ution, even irregularities from the spine and ribs can be
eliminated.

Conversely, the back does have several disadvantages
as a donor site. Most adults will not tolerate lying on their
abdomen for more than a week. When patients lie on their
backs, the accumulation of fluid can cause dressings to
moisten and separate from the wound, which leads to infec-
tion. Having the patient alternately lying in lateral positions,
with heat lamps used to dry out dressings on the back, is
uncomfortable. It also requires a good deal of nursing care,
can be potentially dangerous because of the high heat, and
can lead to injury and desiccation of wounds. The uses of
high airflow beds (discussed below) are particularly useful,
following grafting to (or harvest of skin from) the back.

TOPICAL ANTIBIOTIC CONSIDERATIONS

Topical agents are applied to prevent colonization and burn
wound infection, which can extend the depth of injury when
temporary skin coverings are unavailable or delayed. Pro-
phylactic systemic antibiotics do not prevent burn wound
infection and can select for resistant organisms. However,
the use of topical antibiotic therapy over the past several
decades in burn units has dramatically decreased the
mortality (151).

Silver nitrate solution was used prior to the develop-
ment of antimicrobial creams and is still popular in some
burn units. It requires keeping the dressing moist, because
desiccation of dressings leads to toxic concentrations of
silver nitrate on the skin. The hypotonic solutions and con-
stant wetting can result in massive losses of sodium and
potassium, requiring electrolyte replacement and close
monitoring. The solution stains tissue and linens brown,
and can make the wound hard to evaluate visually.

Mafenide acetate was discovered by German scientists
before World War II but was not introduced clinically until
1964, which resulted in an immediate reduction in the incidence
of invasive burn wound infection and associated mortality (18).
Mafenide acetate is most commonly applied as an 11.1% topical
cream or 5% topical solution (Sulfamylonw, Bertek Pharmaceu-
ticals Inc., Sugar Land, Texas, U.S.A.). Mafenide penetrates
eschar to a far greater degree than any other silver compound
and acts as a constant-release preparation, requiring replace-
ment every 3 to 12 hours (typically changed every 12 hours).
Mafanide is active against most pathologic organisms involved
in burn infection. It is available as a solution, which can be used
as wet to moist dressing for wounds with soft eschar or as a
topical agent following grafting.

When used twice daily as the only topical antimi-
crobial in patients with large burns, mafenide acetate may
cause metabolic acidosis secondary to carbonic anhydrase
inhibition (152). This metabolic acidosis can be exacer-
bated in patients with pulmonary insufficiency, where
excess CO2 cannot be blown off.

Silver sulfadiazine (Silvadinew cream) was added to the
topical antibiotic regimen in 1973. Silver sulfadiazine cream is
now the most commonly used topical preparation in the
United States and the United Kingdom. It is less painful
when applied to first- and second-degree burns and does
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not cause metabolic acidosis. Although effective against
Candida sp., neither silver sulfadiazine nor mafenide acetate
has antifungal activity against invasive fungi such as mucor.

Silvadine cream has a broad antimicrobial spectrum
and is soothing upon application. Its most common toxicity
is a transient leukopenia and/or thrombocytopenia due to
bone marrow suppression, which resolves spontaneously
even if the agent is continued. It does not penetrate full thick-
ness eschar and thus is not the agent of choice for infected
eschar or deep burns such as high-voltage electrical injury
entrance and exit wounds.

Some burn wounds treated with silver sulfadiazine
cream can develop a “pseudo-eschar” in three to seven
days. These soft yellow exudates eventually slough, reveal-
ing either a pink budding wound bed, in the case of
partial thickness injuries, or a pale nonblanching wound
bed, in the case of full thickness burns. During this period
of time, the depth of injury can be indeterminate.

Smaller superficial wounds are often treated open
with bacitracin, Neosporinw, or gentamicin. They have no
effect on fungal organisms and can cause a fungal over-
growth or rash with prolonged use.

Although synthetic skin substitutes cannot be used
in infected wounds, the increasing success from early appli-
cation of skin substitutes such as Biobrane has decreased

the use of topical antimicrobial creams. Indeed, Biosyn-
thetic wound dressings significantly decrease pain and
total healing time, improve patient compliance, and avoid
increased costs in the outpatient care of partial-thickness
burns (153). Care must be taken in selecting wounds for
Biobrane therapy, and wounds must be inspected regularly
for signs of infection. Any interval increase in wound pain
should alert the physician to possible wound infection.
Deeper, desiccated, or contaminated wounds and wounds
involving complex anatomic contours (e.g., genitalia) are
best treated by 1% silver sulfadiazine or another topical agent.

Another important exception to the rule of early use of
skin substitutes rather than topical antimicrobials is in
deployed military applications. In the field following
combat, when resources are limited and evacuation times
from hostile territory prolonged, topical therapy with mafe-
nide acetate has been shown to confer a survival benefit for
soldiers with burns of 40% to 79% total BSA (154). Naturally,
if soldiers can be evacuated out of the fire zone (Volume 1,
Chapter 7) and admitted to a burn unit within a few hours
after the burn, they may still be candidates for synthetic
skin substitute therapy following wound debridement,
rather than topical silver-containing antimicrobials.

BURNWOUND INFECTIONS

Burn patients are particularly susceptible to infection due to
loss of the protective skin barrier, the presence of necrotic
tissue prior to debridement, and systemic immunosuppres-
sion, primarily cell-mediated that occurs following burns.
Initial organisms are usually gram-positive cocci from the
patient’s own skin, nose, and oropharynx (155–157).
Gram-negative wound colonization occurs within several
days. Resistant organisms can be spread, as fomites, by clin-
icians caring for multiple patients. Frequent hand washing
and using fresh gloves when handling open wounds are
the two most helpful steps in reducing the spread of resistant
organisms. The use of gowns, masks, and caps are more
intrusive than helpful but can be used at certain institutions

as a tool in minimizing ancillary visitors to the room and
decreasing contact with the patient through these barrier
precautions. The formerly used Hubbard immersion tanks
have been replaced in modern centers with shower trolleys
in which the rinse water runs out a drain continuously to
avoid contamination of one part of the wound from another.

Penicillin can be protective against b-hemolytic strep-
tococcus infection for 24 to 48 hours in high-risk patients.
Perioperative antibiotics, around the time of excision and
grafting for 24 hours, may be helpful for the transient bacter-
emia associated with surgery. However, prolonged empiric
prophylactic antibiotics have not been shown to be useful
for burns; they do not prevent infection and ultimately
result in colonization with resistant organisms (156,157).

Invasive wound infection is diagnosed by quantitative
culture with .105 organisms being significant as well as by
clinical examination. The results are dependent on specimen
sampling. Histologic examination also documents invasive-
ness. Systemic antibiotics for infected burn wounds should
reflect the burn tissue culture and be as narrow in spectrum
as possible against the causative organism. The only excep-
tions to this are during initiation of therapy when the anti-
biotic selection may need to be empiric until cultures return
and when the wound is known to be polymicrobial, or very
likely going to be confirmed as polymicrobial (e.g., necrotiz-
ing fasciitis). Prompt removal of the infected necrotic tissue
is vital to survival, along with combined topical and systemic
antimicrobial therapy (see also Volume 2, Chapter 53).

NUTRITIONAL SUPPORT

Assessment and provision of adequate nutrition are the
primary goals in managing burn injury. Superficial and
intermediate depth burn wounds heal primarily through
tissue regeneration, with the substrate provided by nutri-
tion. Even after skin grafts, wounds will not heal in the
face of poor nutrition. Early initiation and sustained
administration of enteral feeding are the best ways to
ensure adequate nutrition to critically ill burn patients.

Enteral nutrition is clearly superior to total parenteral nutri-
tion (TPN), and those patients requiring parenteral nutrition
have an extremely high mortality (158). Early feeding helps
decrease ileus, intestinal bacterial translocation, and catabo-
lism (159). At the UCSD Regional Burn Center, enteral feeds
are started within four to eight hours of admission and
brought up to target volume over the next 24 to 48 hours
as tolerated by the patient. Patients who cannot drink ade-
quate volumes of high caloric feeds will have a nasogastric
feeding tube placed. Many patients initially not tolerating
gastric feedings will do so with the assistance promotility
agents such as metoclopromide and erythromycin. Those
patients who cannot tolerate gastric feeds with large residual
gastric volumes despite promotility agents often benefit
from transpyloric feedings. Only in rare instances, such as
intestinal obstruction is the use of parenteral nutrition is
needed. Nutritional monitoring is done as a multidisciplin-
ary effort, following intake and output, calorimetry, serum
electrolytes, and prealbumin.

Clearly, one of the main impediments to adequate
nutrition is the common need for serial surgical procedures
requiring general anesthesia (and the general requirement
for burn patients to be in the fasting state preop). We have
tried to establish flexible guidelines to help nourish critically
ill burn patients. For intubated patients getting tube feeds,
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fasting is not necessary if they are to be operated on in the
supine position. Rather, feeds are continued during the oper-
ation, and the ETT cuff is monitored, and the oral pharynx
suctioned at least every 30 minutes during the case to
further minimize risk. Patients, who frequently need to be
placed in the prone position, will have transpyloric feeding
tubes placed and feeds discontinued two hours prior to the
operation. Patients who are not intubated are generally less
ill and can tolerate the standard requirement to be fasted
from tube feedings six hours prior to operation (160).

Nutritional support is recognized as being critical to
survival, healing, and avoidance of complications. Enteral
feeding, rather than parenteral nutrition, begun within the
first 24 hours of admission, is ideal to decrease hypermetabo-
lism and bacterial translocation within the intestine (161).
Feeding tubes placed past the pylorus are preferable at
some centers, though we have found that patients tolerate
feedings in the stomach well as long as feedings are
started early in their burn course and elevated residuals
treated with the use of promotility agents.

Energy requirements are calculated from the basal
metabolic rate, activity level, and increased needs, second-
ary to stress. The basal metabolic rate varies with BSA
and environmental temperature. Energy expenditure due
to muscle activity in ICU patients ranges from near zero
in chemically paralyzed patients to significant levels in
patients who are fighting the ventilator or have increased
work of breathing. The stress factor, multiplied by the
basal metabolic rate, is the highest in large surface area
burns, surpassing that of multitrauma patients and patients
with peritonitis. A patient with a 70% total BSA burn can
have a metabolic rate 115% higher than baseline. It is
becoming recognized that standard formulas do not take
into account tremendous variability in nutritional needs
between patients and even with the same patient during
different stages of their burn management. The older stan-
dard burn formulas were found to “overfeed” patients. Fre-
quent assessment of nutritional parameters and the use of
indirect calorimetry to determine resting energy expendi-
ture appear to be the best ways of individualizing nutri-
tional therapy.

The optimal caloric breakdown between protein,
carbohydrate, and lipids has been elucidated. Seventy
percent of nonprotein calories should be given as glucose
to spare nitrogen. Carbohydrates are oxidized to carbon
dioxide and excreted by ventilation. The protein require-
ment is 1.5 to 2.5 g of protein per kilogram. A calorie to nitro-
gen ratio of 150–100:1 is used. The final breakdown includes
20% protein, 55% to 60% carbohydrate, and 20% to 25% fat.
Though controversial, the addition of glutamine, a nutrient
for enterocytes, has been found to reduce mucosal atrophy
and result in less infectious complications in some studies
(162).

Anabolic steroids are used routinely by many burn
units to maintain muscle mass and protein balance in these
catabolic patients (163). Weight gain after discharge is
improved, and the length of stay in rehabilitation centers is
decreased.

STRESS RESPONSE/HYPERMETABOLISM

Increases in metabolic rate following burns are among the
highest of all trauma patients. Increased oxygen consump-
tion can increase demands up to 50% to 100% above

normal, peaking 7 to 10 days after injury. Core body temp-
erature is routinely elevated. Pain control, early enteral
feeding, and maintaining a warm environment are routine
measures to reduce the metabolic rate (164). Pharmacologic
measures being investigated to reduce nitrogen wasting
from muscle catabolism include beta blockade, insulin infu-
sion, and anabolic steroids.

Both a localized as well as a generalized stress
response occurs following burn injury. Multiple mediators
have been implicated, including cytokines, reactive oxygen
metabolites, neutrophil products, and eicosanoids. Stress
hormones presenting at higher than normal levels include
catecholamines, glucagons, and cortisol. The systemic
response includes elevated temperature, protein catabolism,
increased oxygen consumption, increased cardiac output,
production of acute phase reactants, and susceptibility to
multiorgan dysfunction.

A multifactored approach to modifying the stress
response is practiced in most burn units. Removal of the
inflammatory focus by burn wound excision and early
wound closure, either temporary or definitive, is critical.
The release of stress hormones can be minimized by control-
ling pain, avoiding hypothermia and hyperthermia.
Bacterial translocation and endotoxin release can be modi-
fied by the early use of enteral feedings to maintain the
mucosal barrier (165). Inhibition of inflammation with non-
steroidal anti-inflammatory agents theoretically may attenu-
ate the stress response. Antioxidants such as vitamin C,
vitamin E, and beta-carotene are supplemented. Human
growth hormone improves nitrogen balance and improves
wound healing (166,167). Complications associated with its
use include hyperglycemia, fluid and salt retention, and
increased oxygen consumption. Beta-blockade in children
has been shown to reduce resting energy expenditure and
improve nitrogen balance (168,169).

PAINMANAGEMENT
Assessment

Burn patients experience intense pain during hospitaliz-
ation and beyond. Despite this, some doctors still under-
prescribe adequate analgesia (170). Patients may be
intubated and given muscle relaxants, thus unable to
report pain. Staff should have a high level of suspicion and
low threshold for administering analgesics without the fear
of creating addiction. Scales for pain reporting should be
available for different ages, including nonverbal children.

A major issue encountered at many busy burn centers
is the management of brief but intense pain during wound
care. Use of rapid onset, short-acting drugs (the doses of
which are prepared ahead of time and administered by
someone at the bedside not doing the wound care) can elim-
inate this problem. An effective regimen for conscious
patients is “reverse pro re nata (PRN).” Using this technique,
patients must be offered the pain medication and can accept
or refuse based on their need. This leads to increased patient
satisfaction.

Initial Management: Opioid Based
Initially, pain is best managed by IV opioids titrated to effect
in the immediate postburn setting. The choice of opioid is
generally not critical as long as the onset of action, duration,
and specific side effects of the opioid are understood by the
burn physician. Traditional teaching was to avoid intramus-
cular administration of opioids secondary to inconsistent
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absorption. However, we have found that small doses of
intramuscular fentanyl in our pediatric patients can give
adequate analgesia prior to obtaining IV access (resuscitation
equipment must be available to pursue this course of
therapy) and that the normal respiratory depression is miti-
gated against by the initial severity of the burn pain. Once
the patient is feeding and stable, the oral route for opioid
administration can be used.

Fentanyl is commonly used in our burn ICU as both
bolus and infusion therapy for initial pain management.
Fentanyl has a rapid onset and provides excellent analgesia
for acute pain. Infusions can be used with doses starting in
the range of 0.5–1 mcg/kg; however, tolerance usually
develops quite rapidly. Although fentanyl is a potent analge-
sic, patients will often need rapidly escalating doses to main-
tain adequate sedation. Accordingly, a benzodiazepine
should be used in combination with fentanyl when sedation
is needed.

Morphine is also commonly used and may be limited
by side effects including, nausea, pruritis, and delirium
caused by active metabolites (e.g., morphine-6-gluconoride
is retained in renal failure). Morphine kinetics have been
studied in burn patients, and although results are inconsist-
ent, it seems to be similar in burned and unburned patients
(171,172).

Hydromorphone (Dilaudidw) is an opioid, with
approximately five times the potency of morphine but with
less active metabolites and, in many patients, less side
effects when compared with morphine. Meperidine
(Demerolw) is a widely used synthetic opioid which can be
an effective analgesic. Unfortunately, meperidine has active
metabolites, which may accumulate over time, limiting its
usefulness in burn patients. This is accentuated in the face
of renal insufficiency, as normeperidine, the principle
active metabolite, is primarily excreted in the urine and,
when elevated, can cause seizures. Meperidine can also
interact with monoamine oxidase inhibitor (MAOI) anti-
depressants and selective serotonin reuptake inhibitors
(SSRI), causing a hyperthermia reaction called the Serotonin
syndrome (173). Meperidine use is contraindicated in burn
and trauma patients who take MAOIs and SSRIs.

Patient-Controlled Analgesia
For severely burned patients initially admitted to the burn
ICU, dosing of opioids can be done on a time-based,
nurse-administered schedule, PRN. However, as the
patient begins to recover and becomes interactive, patient-
controlled administration (PCA) of opioids is recommended.
PCA has been documented to be effective in burn patients
(174,175). In order for PCA use to be suitable, the patient
must be conscious, able to understand the concept, and
have a free hand to push the button. Children as young as
five years have been taught to successfully use PCA. The
PCA button can be self-administered or parent- or nurse-
administered. The nurse can administer the drug for the
patient based on patient request or on clinical assessment
of pain. We have had good success using nurse PCA, as it
gives the nurses ease of administration. This achieves
better analgesia partly due to ease of use and less time
spent between patient needs and nurse acquisition and
administration of the drug, and less charting.

Once the patients’ pain decreases or they no longer
need IV access, they can be moved on to oral opioids.
Orally administered opioids can be effective in treating
pain from wound care as well as baseline burn pain. In

children, we have found oxycodone to be more effective
with fewer side effects than codeine or hydrocodone.

Tolerance
Tolerance to opioids develops rapidly in burn patients.

One should not withhold opioids for fear of dependency.
Titration of dosing and frequent re-evaluation of each indi-
vidual patient are necessary to achieve adequate analgesia.
Many physicians attempt to rapidly wean opioids after
chronic use over the concern that the patient is becoming
addicted. While patients will become tolerant and may
become temporarily dependent (need opioids to prevent
withdrawal symptoms), there is no evidence to support the
fallacy that burn patients become opioid addicts (i.e., con-
tinue craving and using opioids recreationally after recovery
and hospital discharge). Methadone, a long-acting opioid,
can be used to wean patients from high dose, short-acting
opioids. We frequently use clonidine, an alpha-2 agonist,
which can significantly decrease opioid requirements in
patients on high-dose opioids. It can facilitate weaning,
which can be conveniently delivered by a time-release
patch. Clonidine can also be given orally in children at a
dose of 10 mg/kg/day given every 12 hours.

Opioids: Side Effects
Side effects of opioids can be extremely disturbing to
patients and disrupt the healing process. The primary care
and pain management team must constantly anticipate,
monitor for, and aggressively treat side effects, including
constipation, pruritis, nausea, respiratory depression, and
dysphoria.

Constipation is a common complication of opioid use
in burn patients. Symptoms may be so severe as to mimic
intestinal obstruction. It is recommended to have an aggres-
sive bowel regemin to prevent severe constipation and con-
sider early treatment with suppositories, laxatives, fiber
administration, and enemas before severe symptoms arise.

Pruritis is a particularly annoying side effect. It can be
so intense that some patients complain that it is worse than
the pain itself. Treatment consists of antihistamines (diphen-
hydramine or hydroxizine), opioid antagonists (nalbuh-
phine and naloxone), or sedatives (lorazepam). In severe
cases, one might consider IV lidocaine or very low-dose pro-
pofol, though propofol in some patients will itself cause
pruritis.

Nausea inhibits the patients inclination to eat and
receive adequate nutrition. We have found a combination
of high-dose ondansetron (0.1–0.15 mg/kg) and metoclopra-
mide works well in refractory cases. Dysphoria is an uncom-
mon but troubling side effect and can manifest in agitation or
strange behavior. It is caused by active metabolites and is
most common with meperidine or morphine and less
common with fentanyl or hydromorphone. It is reversible
and treated by stopping the offending drug and switching
to an opioid with less active metabolites.

Nonopioid Analgesics
Nonopioid analgesics are useful adjuncts to burn pain man-
agement but are rarely effective as single agents. Ketorolac,
an IV nonsteroidal anti-inflammatory drug (NSAID), is an
effective analgesic but has limitations in burn patients, as it
can prolong bleeding time and increase blood loss during
surgery. It can also decrease renal perfusion and increase
serum creatinine. Thus, ketorolac should be used cautiously
in patients who are still recovering from shock or who are
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about to undergo a lengthy surgery with potentially large
fluid shifts.

Acetaminophen is a commonly prescribed nonopioid
analgesic. Dosing can be as frequent as every four hours
and can be used around the clock or PRN. Prolonged
around the clock dosing can be associated with hepatic tox-
icity, and one should consider monitoring levels if dosing
continues beyond seven days of therapy. Initial rectal
dosing in children should be 20 to 40 mg/kg to achieve
therapeutic drug levels, which is significantly more than
the traditional dosing of 10 to 15 mg/kg.

Procedural Anesthesia and Analgesia
Many patients will require multiple wound debridements
and painful dressing changes. A combination of opioids
and benzodiazepines will be adequate for most patients. At
our institution, we commonly employ lorazepam and mor-
phine given 15 minutes prior to the procedure. This works
well for the most part, but occasionally a supplemental
dose will be necessary for short painful portions of the pro-
cedure such as staple removal or scrubbing off eschar. Over
time, hyperalgesia and anticipatory anxiety will develop.
For children and some adults with severe, recurring pro-
cedural pain, general anesthesia with either volatile or inject-
able anesthetics can be administered safely in the care of a
qualified provider (176).

Ketamine is an injectable anesthetic that can be given
IV, intramuscular (IM), per os (PO). It has been shown to
provide excellent analgesia with good hemodynamic stab-
ility (177). Because ketamine induces a state of general
anesthesia, it is best used by anesthesiologists with the
appropriate monitoring and resuscitation training (170).
Side effects such as prolonged sedation and nightmares
may limit its usefulness in some patients. Unpleasant
experiences during ketamine anesthesia can be decreased
by concomitant use of benzodiazepines.

Propofol is a short-acting IV anesthetic and sedative
hypnotic without intrinsic analgesic properties. Although
apnea is a common effect, patients recover quickly, and the
drug has intrinsic antiemetic properties, making it less
likely to impede nutritional intake. Behavior modification
hypnotherapy and other distractive techniques have been
used with some success, but these cannot replace pharmaco-
logic therapy for severe pain. Dexmedetomidine is also
useful (Volume 2, Chapter 5), especially when transitioning
the burn patient away from heavy sedatives and analgesics
that obtund consciousness and depress ventilation.
However, its expense is not justified in early management
of major burns, when patients require large quantities of
drugs for long durations.

Neuropathic Pain
After the acute phase of wound healing, burn pain may take on
a different character, and some patients develop chronic neuro-
pathic type pain symptoms (178). These can include burning,
itching pain in the face of healing or healed wounds. There
may or may not be physical contractures. Pain of this type is
often refractory to opioids and is difficult to treat. Useful
alternative drugs include anticonvulsants, IV or topical lido-
caine, and antidepressants. In addition, acupuncture, electro
stimulation, and physical therapy can be useful for the treat-
ment of neuropathic pain (see Volume 2, Chapter 5).

Burn patients have a high incidence of developing
post-traumatic disorder (PTSD), as described in Volume 2,
Chapter 65. Other patients may have a phychiatric com-

ponents to their pain from a pre-existing phychiatric
ailment. In both cases, psychotherapy may be helpful. A
multidisciplinary approach to treatment can be extremely
helpful in these cases.

SPECIAL BEDS AND POSITIONING FOR BURN CARE

To facilitate recovery of patients with posterior donor site
wounds, airflow beds are particularly useful. Airflow
around the Biobrane assists in reducing fluid accumulation.
There are two primary types of high airflow beds typically
used with Biobrane. One known as Fluidairw (Kinetic Con-
cepts Inc., San Antonio, Texas, U.S.A.) contains tiny beads
made of silicone that are covered by a high air porous
material such as Gortexw. Fluidair is available at different
levels of airflow. For wounds that require maximal airflow,
Fluidair Plusw, sometimes known as a flotation bed, is
most useful. In general, Fluidair beds provide patient
comfort, because they absorb pressure points well. They
can be used for both adults and children.

A recent study conducted on posterior donor sites at
the University of California at San Diego concluded that
the use of Biobrane and high airflow beds resulted in excel-
lent donor site healing and reduced nursing time (179).

The pillow bed, made of fluffed conventional pillows,
provides less airflow. However, one advantage of pillow
beds is that patients can sit up. Patients cannot sit up in
a Fluidair bed without losing contact and the benefit of the
high airflow surface. Furthermore, patients who are unable
to sit upright risk having more pulmonary hygiene pro-
blems. With children, pillow beds are adequate, because chil-
dren weigh less, exert less pressure, and therefore allow for
more airflow than do adults on pillow beds. Pillow beds are
also less expensive than other airflow beds (180).

REHABILITATION

Maintenance of range of motion and muscle mass are
ongoing concerns throughout the hospital stay and for
months thereafter. Active and passive range of motion,
stretching, positioning, and splinting are initiated early
and continued throughout the hospital course.

Management of hypertrophic burn scars and burn scar
contractures has become the focus of research and attention
now that patients are surviving what in the past were fatal
injuries. The time to healing correlates with the incidence
of hypertrophic scarring with three weeks being the point
at which hypertrophic scarring becomes common (181).
Standard treatment for hypertrophic scarring is compression
at 25 mmHg or higher. Custom-fit compression garments are
worn 23 hr/day to reduce hyperemia, edema, stiffness, and
itching. Silicone gel sheeting is also of some benefit in con-
trolling hypertrophic scarring. Scar contractures occur as
collagen undergoes a proliferative phase. Full thickness
grafts or skin flaps are generally required to add additional
skin when contractures are surgically released.

Postburn reconstruction strives to restore function and
appearance. This aspect of burn care may become the great-
est challenge, as many survivors of large surface area burns
are dealing with limited functional capabilities and signifi-
cant visual scarring.

Chapter 34: Burn Injuries 677



Psychosocial support is a vital part of the rehabilitation
phase. As many as 40% of trauma and burn survivors develop
PTSD (Volume 2, Chapter 65). PTSD is being increasingly
recognized and can be the rate-limiting factor in return to
work or return to preinjury lifestyle, despite otherwise
successful healing and rehabilitation. Recent studies show
that only 37% of major burn patients ever return to work
(63,182), suggesting that despite improved survival rates,
patients are still significantly impaired. Coping style, life
threat during the accident, and early symptoms are strong
predictors of psychopathology after a burn (183).

EYE TO THE FUTURE

Although delayed skin care and rehabilitation needs
increased focus, much of the current research is aimed at
continued improvement in early wound management. A
recent German study demonstrated that combining Integra
(Johnson & Johnson, Hamburg, Germany) with fibrin glue
and negative pressure wound therapy can improve clinical
outcomes in patients with large acute or chronic wounds
(184). In the study, 12 patients underwent grafting for
wound reconstruction with Integra. Six patients were ran-
domized to the control group (Integra only), and six others
were randomized to the new treatment group (Integra plus
fibrin glue and negative pressure wound therapy).

The authors found that the take rate was 20% higher
(98 + 2%) in the new treatment group. The mean period
from Integra coverage to skin transplant was 14 days less
in the new treatment group (24 + 3 days in the control
group vs. 10+1 days in the new treatment group), resulting
in shorter hospital stays and less risk of complications such
as infection, thrombosis, and catabolism.

A new product available for wound management,
recombinant human vascular endothelial growth factor
(Telberminw, Genehtech MRE0094—King Pharmaceuticals,
Inc., Bristol, Tennessee, U.S.A.), promises to be useful in
the treatment of burn wound healing. MRE0094 is an adeno-
sine A2A receptor agonist, which has been shown to
promote wound closure in mice and diabetes-induced rats
by regulating the response of inflammatory cells and
mediators (185). This promotes tissue formation through
various mechanisms, including endothelial cell proliferation
and migration, which promote tissue remodeling. This sub-
stance is in clinical trials for diabetic foot ulcers but may
prove useful for burn management.

Tissue-engineering techniques to regenerate full thick-
ness skin is an area of intense study. The perfect merging of
an autologous cultured epithelial layer with a dermal scaf-
fold is not yet available, though the current technical
issues have been well described (186).

Research into the zones of injury and early determi-
nation of burn tissue depth continue to be an area of active
investigation (35,60). A new tool that utilizes technology
similar to pulse oximetry called “multiwavelength photoa-
coustic depth profiling” has shown promise in rats and may
soon be applied to human burn wound management (187).

Basis management of shock and tissue protective strat-
egies, as well as evolutions in the care of complex pulmonary
injuries, will continue to improve outcomes following large
BSA and inhalation burns. In addition, various drugs that
attenuate the inflammatory status associated with major
burns are being developed. One such drug (Tempolw) is a
superoxide dismutase mimetic and has shown promise in
decreasing the sequelae of the shock state (188).

Transplantation committees had been deliberating for
several years about the medical and ethical principles
involved in facial transplantation. Although the logistic
and technical aspects of the procedure have been well for-
mulated, ethical, logistic, and immunosuppressive chal-
lenges persist. The first publicly acknowledged partial
facial transplant was performed at University Hospital
Centre in Amiens, France, November 27, 2005, in a
38-year-old woman who had her face mauled by a dog (189).
The patient received new lips, nose, and chin from a brain-
dead donor (Fig. 16). The future of face transplantation is
destined to undergo intense ethical scrutiny, philosophical
debate, and technological developments in immuno-
suppression and surgical techniques.

SUMMARY

Burn management strategies have progressed enormously
over the last few decades, resulting in lower inhospital
mortality and improved postburn functionality. However,
overcoming past obstacles has allowed new challenges to
emerge in burn care, as patients surviving previously lethal
wounds now progress through the severe SIRS stage ending
less often with MODS, rather in an increasing number of
cases resulting in very satisfactory postburn treatment out-
comes.

Figure 16 Nose, lips, and chin composite partial face

transplantation. Computer-generated image showing details

of the partial face transplant performed in France November 27,

2005, by French plastic surgeons Jean-Michel Dubernard (right)

and Bernard Devauchelle seated in foreground.
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The initial management of burns continues to improve
as technologies designed to help demarcate burn degree and
extent continue to evolve. Aggressive initial resuscitation is
becoming more standardized, resulting in less burn-related
shock. But the optimum fluid type and quantity is still
unknown, as is optimum osmolality, protein levels, etc.
Monitoring in the OR and the burn unit during the critical
care of the severely burned patient has also progressed,
but many questions remain unanswered, including the
optimum oxygen delivery, best enteral diet, and the role of
immunomodulators, etc.

Synthetic skin substitutes have become increasingly
advanced. Other improvements in wound care include the
use of artificial skin derived from living cells harvested from
the burn victim themselves. Particularly disfiguring are
severe facial burns, which require special emphasis for
improved options. Current research is exploring new options
for repairs involving ears, nose, and mouth to include the con-
sideration of face transplantation. Ethical and immunosup-
pression issues regarding such technologies may soon give
way to combined technologies including irradiation of the
face, which could subsequently serve as a scaffolding for trans-
planted cells from the burn victim (bone-marrow transplant
equivalent). These and other burn-related technologies are on
the verge of scientific solutions.

Besides continued anticipated improvement in wound
care, the posthospital rehabilitation phase also needs aggres-
sive research and development. Particularly debilitating are
the burn scars and contractures that limit the patient’s ability
to return to a full and functional lifestyle. Also problematic
is the PTSD that many of these patients must overcome
(see Volume 2, Chapter 65).

KEY POINTS

The ancient Egyptian papyrus attributed to Imhotep,
described aspects of burn management which were
not dissimilar to medical practices prevalent in most
major American and European hospitals as recently as
100 to 150 years ago.
The skin consists of two distinct layers, the epidermis
and the dermis, each derived from a different embryo-
logic tissue type. The subcutaneous tissue resides
immediately beneath the two primary layers of skin.
The depth of burn injury to the dermis directly corre-
lates with the time required for complete healing to
occur as well as with the risk for residual scarring.
Electrical burns can be more difficult to assess and treat
than flame burns, because the tissue injury is often
greater than is apparent on the surface. Additionally,
cardiac complications are commonly associated with
electrical burns.
Patients fitting the criteria for transfer to a burn center
include those with .10% total BSA second-degree
burns, the presence of any third-degree burns, smoke
inhalation, burns involving cosmetic or functional
areas (face, hands, genitalia), coexisting trauma, and
significant medical conditions.
All patients with partial thickness burn on .30% total
BSA or full thickness burns on .15% total BSA, or evi-
dence of inhalation injury should be considered candi-
dates for intubation and mechanical ventilation.
Inhalational injury includes three separate components,
which are present either individually or in combi-

nation: (i) upper airway obstruction (from direct
thermal injury, or more commonly, systemic inflam-
mation), (ii) lower airway injury (from toxic products
and particulate matter), and (iii) carbon monoxide
and other toxicities.
During CO toxicity, a cherry red color of the skin belies
the actual impaired oxyhemoglobin saturation; simi-
larly, pulse oximetry yields a spuriously higher satur-
ation than is truly present.
HBO2 therapy should be considered for absolute CO-
Hb levels of 25% or greater or any evidence of neuro-
logic or cardiac toxicity following exposure.
The technique chosen for intubation depends upon
several factors, including presence of respiratory
failure, upper airway obstruction, the level of con-
sciousness, evidence of inhalation injury, the length of
time since the injury, and the age of the patient.
FOB should always be considered to evaluate the status
of any potentially swollen airway prior to extubation.
When emergency venous access is needed for a child
with a serious burn injury, intraosseous line placement
can be lifesaving.
During the initial resuscitation, fluid administration is
estimated using empiric formulas (e.g., Parkland,
etc.); subsequent fluids are administered based upon
multiple endpoints of resuscitation.
High-resistance (16 g, 18 g, 20 g) triple lumen lines
should be changed over a wire to a 9 Fr. cordis in the
OR prior to starting surgery when large blood loss is
anticipated.
Blood conservation measures, including epinephrine
tumescence of wounds and donor sites, topical
epinephrine, and extremity tourniquets can decrease
operative blood loss during tangential excision by
50%.
An elevated hematocrit secondary to hemoconcentra-
tion is frequently present in burn patients soon after
injury, indicating the immediate need for aggressive
intravascular volume repletion.
Full thickness burn wounds need to be excised and
grafted to achieve healing, and early surgical excision
has directly led to improved survival.
Large blood losses frequently occur with tangential
excision, because the clinical endpoint of adequate deb-
ridement is a diffusely bleeding wound bed.
Temporary skin substitutes are increasingly being used
in place of topical antimicrobial agents, primarily for
partial thickness burns.
When used twice daily as the only topical antimicrobial
in patients with large burns, mafenide acetate may
cause metabolic acidosis secondary to carbonic anhy-
drase inhibition (152).
Although synthetic skin substitutes cannot be used in
infected wounds, the increasing success from early
application of skin substitutes such as Biobrane has
decreased the use of topical antimicrobial creams.
Early initiation and sustained administration of enteral
feeding are the best ways to ensure adequate nutrition
to critically ill burn patients.
Burn patients experience intense pain during hospital-
ization and beyond. Despite this, some doctors still
underprescribe adequate analgesia.
Tolerance to opioids develops rapidly in burn patients.
One should not withhold opioids for fear of
dependency.
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INTRODUCTION

Despite heightened efforts at education and advances in
medical care, water-related injury remains a significant
cause of preventable morbidity and mortality. Affecting all
age groups, drowning is responsible for up to 8000 lives
lost in the United States annually and several hundred thou-
sand deaths worldwide (1,2). The burden on today’s health-
care resources is significant. This challenge becomes further
magnified as current medical technology has, subsequently,
brought to light increasing complications in those critically
ill victims who would not previously have survived.

DEFINITIONS

Much attention has been devoted in past literature to accu-
rately describe the character of water-induced injuries.
“Drowning” has been defined as “death by submersion or
suffocation in a liquid medium, usually water” (3–5). This
implies a terminal event from which successful resuscitation
is precluded. The term “near-drowning,” alternately, has
been assigned to those patients who experience an immer-
sion or submersion event in a liquid medium of sufficient
severity to require medical attention and survive, at
least temporarily, the initial postrescue period—usually
24 hours (3–6). However, consensus does not exist for cate-
gorizing those victims who survive less than 24 hours post-
injury (4–6). “Secondary drowning” is a term applied to
initially asymptomatic survivors, usually children, who
later develop respiratory distress from “minutes to days
after a near-drowning episode” as a delayed complication
of the event (4,7). Although described, this phenomenon
has rarely been documented in the literature and several
authors have suggested that the designation be abandoned
entirely. In contrast, “immersion syndrome” describes the
potential injury resulting from rapid immersion of the face
in water at least 58 colder than the body temperature (2).
Such sudden contact exposure can precipitate significant cat-
echolamine release via vagal stimulation leading to cardiac
dysrhythmias, syncope, and aspiration (2,7). Finally, the
designation “water rescue” describes those submersion/
immersion events for which there are no apparent clinical
symptoms of aspiration and for which medical attention is
not required. For the purposes of this chapter, drowning
shall be used to describe the terminal event of immersion or

submersion in a liquid from which resuscitation attempts are
not successful, and near-drowning shall describe all other
symptomatic submersion or immersion events requiring
intervention.

EPIDEMIOLOGY

Both across the nation and the world, the annual loss of life
from drowning remains substantial. Each year in the United
States, water-related accidents claim more than 6000 lives
(1,8). Drowning has consistently ranked high as a cause of
accidental injury death for all age groups in this country
over the last decade (Table 1). The global death toll is
estimated at well over 100,000 lives, making it the third
leading cause of death worldwide (4). As the number of
both home and community swimming pools continues to
rise, so has the incidence of water-related fatalities (7,9).
Additional contributing factors to the rising number of
victims include worldwide population growth, increasing
popularity of personal watercraft, and continued prevalence
of alcohol and controlled substance use during water-related
activities (7,9,10).

The incidence of near-drowning can only be estimated,
as many nonfatal water injuries are not reported—particularly
if postinjury medical attention is not sought. Rates 2 to 20
times the number of drowning deaths have been cited in
literature as estimates (11–13).

Bimodal Distribution
Drowning deaths show a bi-modal age distribution (4).

Toddlers less than three years of age and adolescent
males aged 15 to 19 represent the peaks in incidence
(14). Male victims lead females in nearly all age groups,
and the male drowning death rate is approximately five
times that of females (4,15). Such discrepancy has been
attributed to the increased risk-taking behavior exhibited
by adolescent males and the frequency of alcohol and drug
use among male victims of adolescent and adult age (4).
Drowning rates vary state to state with California, Florida,
and Arizona listing drowning as the number one cause of
fatal injuries to children less than four years of age (1,16).
Review of reported figures also shows an increased inci-
dence of drowning fatalities during weekends, holidays,
and the summer months corresponding to increased time
spent in outdoor activities (17).
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Age-Related Trends
Age-related variation is also seen for settings of water-
related injuries. Infants account for the greatest percentage
(40%) of bathtub drowning victims—the only category
where female victims outnumber males. Short lapses in
adult supervision are often to blame. Once children reach
the toddler stage, their unsteady gait and high center of
gravity can make their early explorations particularly
hazardous. Swimming pools are the leading cause of drown-
ing in this age group. Once again, poor supervisory practices
and/or reliance on inadequate pool barrier fencing are often
precipitating causes. Hot tubs, commodes, fish tanks, and
5-gallon industrial buckets have also been implicated in
infant drowning deaths. These high-walled, rigid containers
make self-extrication nearly impossible for these early
explorers following an untoward tumble. Water accidents
in older children frequently occur in open bodies of fresh-
water such as ditches, canals, lakes, and rivers or along
ocean coastlines. For adolescents and adults, diving,
boating, and ocean currents prove the greatest hazards.

MECHANISM OF INJURY

Whether the terminal event of a drowning episode, or a
severe cerebral deficit caused by a near-drowning incident,
the final common pathologic denominator is reduced

oxygen delivery at the tissue level (14). A deficit of
oxygen at the tissue level is the final common pathway of
drowning deaths and immersion injuries. No two drowning
victims are alike, and each pathway to hypoxia is as individ-
ual as its victims. Premorbid state of health, circumstances
surrounding the immersion/submersion incident, and both
the degree and duration of oxygen transport interruption
are each an important element (14). Water itself plays a
limited role (18). Water-related injury is not a unique event
in the realm of hypoxic–ischemic injuries. Both the incited
tissue damage and eventual outcome are indistinguishable
from those sustained during other hypoxic–ischemic
events (17).

Physical Description of Drowning Event
Conventional depictions of drowning episodes frequently
feature a failing swimmer thrashing about and repeatedly
breaking the surface while calling out for help. In many
instances, this may not be the case. The initial phase of

panic and struggle may occur in relative quiet, with
the victim slipping beneath the water unnoticed (19).
Breath-holding follows fatigue and loss of swimming
ability and, concomitantly, large amounts of water may be
swallowed while the victim struggles to maintain buoyancy.
As Sachdeva (20) describes, further attempts at breathing
subsequently introduce fluid and particulate material into
the air passages. Aspiration interrupts oxygenation and
hypoxia/anoxia develop. Although most drowning victims
are thought to aspirate up to 22 mL/kg of fluid (21); 10%
to 15% of drowning victims demonstrate no evidence of
fluid aspiration at autopsy (12,22). These victims of “dry
drowning” are hypothesized to succumb to “obstructive
asphyxia” resulting from reflex laryngospasm induced by
the presence of fluid at the oropharynx (20).

Salt vs. Freshwater
Traditionally, the physiologic differentiation of freshwater
from salt water drowning has been prominent in the litera-
ture. Freshwater is hypotonic to plasma. Its presence
within the bronchoalveolar tree dilutes pulmonary surfac-
tant and diminishes the alveolar surface tension (21).
Reduced surfactant promotes collapse of the single-cell
alveolar walls and atelectasis develops (23). Pulmonary gas
exchange is further compromised as ventilation perfusion
mismatch develops. An elevated shunt fraction heralds wor-
sening hypoxemia as pulmonary arterial blood perfuses the
closed alveoli (24). Further physiologic instability can occur
as the hypotonic freshwater moves rapidly from the alveolar
lumen across the capillary membranes and into the circula-
tion leaving little remaining fluid within the alveolar sac
(19). Large quantities of absorbed fluid have been demon-
strated to transiently expand intravascular volume in
animal models, resulting in temporary states of hyponatre-
mia and hypokalemia (14,19). Secondary hemolysis has
also been shown in animal models (25). A period of clinical
hypovolemia may follow the transient hypervolemic state as
the increased intravascular volume is rapidly redistributed
to other body compartments (19,24).

Seawater is three to four times more concentrated than
human plasma. Its presence within the alveoli draws fluid
from the capillary lumen into the alveolar sacs (23). Similar
hypoxic ventilation/perfusion (V̇/Q̇) mismatch occurs as the
fluid-filled alveoli continue to be perfused. Contrary
to freshwater, hypertonic seawater induces hypovolemia
in animal models (26). This intravascular contraction

Table 1 Specific Unintentional Injury Death, United States, 1990–1999

Rank Age ,1 1–4 5–9 10–24 All ages

1 Suffocation MV traffic MV traffic MV traffic MV traffic

3871 7051 8407 115,856 421,188

2 MV traffic Drowning Drowning Drowning Fall

1755 5156 2171 9935 107,926

3 Fire/burn Fire/burn Fire/burn Poisoning Poisoning

822 4762 2138 6852 88,582

4 Drowning Suffocation Suffocation Firearm Suffocation

732 1672 577 5476 43,848

5 Adverse effects Pedestrian Transport Transport Drowning

289 1177 378 3592 42,119

Source: Office of Statistics and Programming, National Center for Injury Prevention and Control, Centers for Disease Control,

National Center for Health Statistics (NCHS) Vital Statistics System 2002.
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concentrates extracellular electrolytes leading to hyperkalemic
and hypernatremic states.

Given that human victims typically aspirate far less
water during drowning episodes than experimental animal
models, these electrolyte and intravascular volume abnorm-
alities are generally thought not to occur and their role
had been downplayed in current drowning literature
(19,27,28). In his 1976 series of 91 consecutive near-drowning
victims, Modell et al. (28) uncovered no serious electrolyte
abnormalities. Exceptions do exist, but are limited to epi-
sodes of human submersion in fluids of significant hyperto-
nicity such as the Dead Sea (29), and calcium-rich effluent
from an offshore oil platform (30).

Pulmonary Injury
Clinically significant derangements of pulmonary gas

exchange can occur after as little as 1 to 3 mL/kg of fluid
aspiration (21,31,32) Clinically significant alterations in
pulmonary gas exchange can occur after only minimal
fluid aspiration. Damage of the alveolar capillary interface
leads to hypoxia and decreased pulmonary compliance as
loss of sufficient pulmonary surfactant alters alveolar
surface tension. Although collapsing alveoli uniformly
contribute to a falling pO2 and increased shunt fraction, as
Weinstein (23) states, “the severity of oxygenation abnormal-
ities are variable.” Development of reflex pulmonary hyper-
tension and leak of protein-rich fluid across damaged
alveolar capillary membrane promotes development of non-
cardiac pulmonary edema, further exacerbating hypoxia
(6,33). Additional pulmonary parenchymal damage may
result from the aspiration of acidic gastric contents, a not
uncommon occurrence in water-related injuries where
gastric distention and substantial quantities of swallowed
water make secondary aspiration a serious threat (34).

Cerebral Injury
The common denominator of drowning induced tissue

damage is hypoxia, and the brain is the organ where ische-
mia exerts its greatest cost. The brain is the critical end
organ for immersion injury. Modern critical care interven-
tions have decreased mortality from cerebral hypoxia in
recent years, but the challenge of central nervous system
(CNS) morbidity remains tremendous (4). Irreversible
brain damage begins after as little as four to eight minutes
of reduced oxygen delivery (14). After 8–10 minutes of
hypoxia, recovery of normal brain function is considered
unlikely (14). As duration of ischemia extends, depletion of
cerebral ATP causes instability of neuronal cell membranes
(17). Liberation of neurotransmitters, such as glutamate,
contributes to secondary rise of intracellular calcium and
production of arachidonic acid (20). Subsequent oxygen
free radical formation incites further damage. Byproducts
of these pathways alter the blood–brain barrier and stimu-
late development of cerebral edema and increased intracra-
nial pressure (12,35,36). The cycle of hypoxemia, cerebral
hypoxia, and cerebral cell damage is not limited to the
period of anoxia. Hypoperfusion-related damage might con-
tinue even after effective cardiopulmonary resuscitation
(CPR) has begun (14). Once effective perfusion has been
restored, posthypoxic cerebral edema formation becomes a
factor. A further threat to adequate cerebral perfusion
pressure, edema-driven elevations in intracranial pressure
may be encountered as soon as six hours following submer-
sion injury—and extend up to an additional three days.

Much attention has been devoted to the neuro-
protective effects of hypothermia and the “diving reflex.”
Well known in other mammals, the reflex shunting of
blood from the peripheral to the central circulation after
facial contact with cold water is thought to preserve
cardiac and cerebral perfusion (31). Although this increase
in central systemic blood pressure is hypothesized to have
played a role in the rare survival of children immersed for
long periods in icy water (18), no experimental evidence
exists for humans and the role of the diving reflex for near-
drowning victims remains controversial (18,32).

Hypothermia
Although reduced core body temperature is organ pro-

tective, in the uncontrolled setting associated with near
drowning, hypothermia can threaten the victim’s survival
due to cardiac instability/arrest. Hypothermia can com-
pound drowning-related injury as a separate and additive
insult. Children are at particular risk for immersion
cooling (18). With their lower body fat percentage and
higher surface area to volume ratio, children experience
radiational cooling much faster than adults (4). Although
case reports of prolonged child submersion in icy water
resulting in good outcome exist (37), hypothermia as a
result of warm water immersion is a poor prognostic sign
at any age (4). Differentiating such warm water hypothermia
cases from a reduced core body temperature resulting from a
period of poor systemic perfusion may be difficult. Regardless
of cause, secondary hypothermia can compound the initial
hypoxic insult and open the door for additional complications
such as cardiac arrhythmias, acute renal failure, and dissemi-
nated intravascular coagulation (4).

Cardiac Injury
It is important to remember that cardiac compromise may
exist prior to the victim entering the water. The onset of a
fatal arrhythmia or myocardial infarction may incapacitate
the victim while still on land or during an interval of self-
buoyancy. With secondary immersion, the stage is set for a
drowning incident as cardiogenic shock robs the victim of
swimming ability. In other cases, the immersion-aspiration
cycle produces low arterial pO2, hypercapnia, combined
respiratory/metabolic acidosis, and hypothermia—all myo-
cardial depressants and arrhythmia precursors. As Weinstein
(23) reports, sinus bradycardia and atrial fibrillation are
common under conditions of hypoxia and hypothermia.
Immersion in water less than 258C can trigger ventricular
fibrillation and asystole (38,39). Asystole may also ensue—
via vagally mediated pathways—well before the core body
temperature drops to 188C (11,34). The onset of arrhythmias
contributes to the hypoxia/ischemia low-flow state—further
reducing effective cardiac output and oxygen delivery.
Additionally, aspiration/laryngospasm-mediated negative
pressure pleural breathing attempts may cause further
cardiac deterioration by the subsequent increase in ventricu-
lar after load (17). The reduced cardiac output state may be
evidenced clinically during resuscitation attempts as hypo-
tension, poor peripheral perfusion, reduced mixed venous
oxygen tension, and lactic acidosis (17).

Renal Injury
Primary renal injury is uncommon in drowning/near-
drowning incidents. Although glomerular filtration is
typically preserved, hypoxia and low-flow states have
induced acute tubular necrosis in some near-drowning
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victims (19,40,41). As Goodwin reports (14), lactic acidosis
and alterations in renal blood flow can also facilitate develop-
ment of albuminuria, hemoglobinuria, oliguria, and anuria.
Although atypical, clinicians should remain alert for
signs of these derangements during resuscitation of the
near-drowning victim.

Other Injuries
On occasion, near-drowning incidents do not occur as iso-
lated hypoxic episodes. Water-related accidents often occur
unwitnessed, and by-stander reports at the scene may be
inaccurate. It is, therefore, important for health-care pro-
fessionals to be on guard for concomitant injuries. A dive
or unexpected fall from height into shallow water can induce
cervical spine and closed head injuries. Torso hollow visceral
injuries may also be present. For home bathtub incidents and
other immersions involving small children, the potential for
child abuse always exists. By remaining vigilant, rescue and
hospital-based personnel can avoid compounding the initial
hypoxic insult—particularly as unconscious or blunted
victims cannot accurately report symptoms of coincident
injury.

INTERVENTIONS

Each potential drowning victim challenges health-care
personnel with a unique set of clinical presentations and
problems. What all cases share is the need for expediency
to achieve optimal outcome (42). Whether a toddler unat-
tended in a bathtub, an adolescent swimming in a lake, or
an adult victim thrown from a speedboat, each is threatened
by the same rapid progression, from hypoxia to impairment
to death, without decisive, effective intervention.

Rescue
The extraction of a victim from the water is the initial
measure toward the hopeful return to preinjury functioning.
For pool and open water body immersions, reaching the
victim and assessing respirations must be accomplished
swiftly. After cessation of breathing, hypoxia develops
rapidly as body tissue oxygen supply is quickly depleted.
Rescue aims to prevent irreversible CNS hypoxia—the
pivotal point of intervention that determines normal
versus impaired recovery (14). During water rescue situ-
ations, discovery of a non-breathing victim should direct
emergency treatment initially to the ABCs (airway, breath-

ing, and circulation)—even before transport out of the
water begins. Opening the airway and providing rescue
breaths using standard CPR techniques should be the
initial intervention for an apneic victim (43). Initial inter-
vention for submersion/immersion victims is opening the
airway and reestablishing a flow of oxygen to the lungs. Per-
iodic additional breaths can be given during subsequent
extraction should the process be prolonged. As briefly
apneic victims may initially retain effective cardiac function
(14), early assisted ventilation may reestablish sufficient
oxygen delivery to preserve core body function. The
primary focus during rescue should be reestablishing venti-
lation and removing the victim from the water, as cardiac
compressions cannot be delivered effectively in the water
(2). Cervical injury may be present; therefore, ventilation
and extrication maneuvers should protect cervical spine
integrity to the highest degree possible.

Prehospital Care
Pulmonary gas exchange abnormalities may develop,

even in spontaneously breathing individuals, following
near-drowning submersion and immersion episodes.

After securing the water-injured victim from immersion or
submersion, it is vital that intervention measures continue
unimpeded. The spontaneous return of respiration and
circulation in a victim who has not aspirated is a marker of
excellent prognosis (14). For those individuals sustaining an
aspiration insult, pulmonary mechanics have already been
altered. As a result, gas exchange abnormalities may exist—
even in spontaneously breathing, conversant individuals.
Therefore, the skill and speed of available trained rescue per-
sonnel is paramount to attaining optimal outcome. Chances of
survival are 70% if a trained rescuer is present (44). This drops
to 40% if initial resuscitative measures await the arrival of
emergency medical service personnel (44).

Restoration of effective ventilation and perfusion
remains the immediate objective. A clear airway should
be assured immediately. If needed, a jaw thrust maneuver
may be employed to facilitate airflow while simultaneously
maintaining cervical spine alignment. Standard CPR tech-
niques should commence until the arrival of emergency
medical service (EMS) personnel. At this point supplemen-
tal 100% oxygen should be supplied to the victim. Nasal
prongs or face mask are appropriate for awake, oriented
individuals following water rescue. For obtunded individ-
uals, assisted ventilation via bag valve mask is indicated.

When performing assisted ventilation, use of cri-
cothyroid pressure, the Selleck maneuver, may reduce the
risk of aspiration of gastric contents into the already compro-
mised lung (2). Significant gastric distention may already be
present both from pre-existent ventilation efforts and water
swallowed during the immersion/submersion episode.
Endotracheal intubation is indicated for unresponsive,
apneic individuals for additional airway protection, or
cases where attempted noninvasive ventilation techniques
have not restored oxygenation.

Perfusion is supported with chest compressions for
pulseless victims. Rapid transport to the emergency center
is then indicated with extra attention paid to maintaining
spine precautions and preventing further hypothermia.
Intravenous access and fluid administration are also
employed.

For many near-drowning victims, these initial efforts
may restore spontaneous breathing, circulation, and a clear
sensorium. Even pulseless, previously unresponsive victims
without signs of perfusion have occasionally been revived
with return of oxygen delivery to the cerebral and cardiac
tissues (6,42). For clearly symptomatic individuals, at-the-
scene efforts aim to prevent extension of any initial hypoxic
injury until definitive therapy can be initiated.

The use of the Heimlich maneuver in near-drowning
victims is to be discouraged unless the airway is clearly
obstructed by a solid foreign body and cannot be cleared
by finger sweep and jaw thrust methods (45). Initially
thought to facilitate oxygenation through drainage of aspi-
rated water (46,47), the Heimlich maneuver has not been
proven to evacuate significant water from the lungs. Given
that most victims do not aspirate large quantities of water,
and that the abdominal thrust maneuver may promote emp-
tying and aspiration of gastric contents, Rosen et al. (48)
support the earlier Emergency Cardiac Care Committee of
the American Heard Association recommendations that the
Heimlich maneuver not be used in the care of near-
drowning victims (48).
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Emergency Department Intervention
Initial emergency department efforts include a primary

survey (Volume 1, Chapter 8), followed by the evaluation
and treatment of insults resulting from the oxygen deficit,

and evaluation of other injuries that may have been conco-
mitantly sustained during the near-drowning event.
Emergency department intervention for submersion/immer-
sion victims includes treatment of oxygen deficit and survey
for concomitant injuries and insults. Following the A, B, C,
D, and Es of standard trauma victim evaluation, the
airway is reassessed. If judged inadequate, or if the patient
has a Glasgow Coma Scale (GCS) score ,10, a definitive
airway is established. One hundred percent oxygen is sup-
plied to spontaneously breathing individuals via mask. For
those victims intubated in the field, correct endotracheal
tube placement should be verified by chest auscultation
and end-tidal CO2 measurement while continuing artificial

respirations. Pulse oximetry, blood pressure, and cardiac
monitors are then placed. Circulation and perfusion are
assessed and supported with intravenous fluids. For victims
with altered mental status, a nasogastric tube should be
placed to evacuate the stomach and reduce the opportunity
for secondary aspiration. Once these initial stabilization man-
euvers have been undertaken and the appropriate response
recorded in the vital signs, a full physical exam is undertaken
and further intervention proceeds as indicated by exam find-
ings (Fig. 1) (49).

Radiographic Evaluation
Initial chest radiographs may not demonstrate the full

extent of pulmonary injury resulting from submersion/
immersion episodes. The near-drowning victim should
receive a chest radiograph shortly after arrival in the emer-
gency department. Although history or clinical exam may

Figure 1 Algorithm for the management of a near-drowning patient. Abbreviations: CPR, cardiopulmonary resuscitation; ECG, electro-

cardiogram; FiO2, fraction of inspired oxygen; PaO2, partial pressure of oxygen in arterial blood; PEEP, positive end expiratory pressure.

Source: From Ref. 49.
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suggest aspiration, it is not unusual for the first film to
demonstrate little or no pulmonary injury pattern. Up to
20% of near-drowning victims will have normal chest radio-
graphs (34). Other observed patterns include: perihilar pul-
monary edema, increased intravascular lung water,
atelectasis, pneumothorax, and bilateral aspiration infiltrates
(23). Aspiration of sand and water into the airways can
create “casts” of the bronchi visible on chest film (Fig. 2).
Near-drowning victims of strong river currents or rough
coastal tidal waters who may aspirate larger amounts of
particulate material occasionally demonstrate such patterns.
Cervical spine films and radiographs of extremities with
deformities are obtained after the initial chest radiograph.

Laboratory Evaluation
Confirming adequacy of oxygenation and ventilation inter-
vention is crucial for maximal patient outcome. An arterial
blood gas should be obtained in all near-drowning victims
to assess oxygen, carbon dioxide, and pH levels. The goal
for oxygenation is a pO2 of at least 65 on inspired oxygen
levels less than 60%. Failure to meet this level indicates
need for alternate pulmonary interventions. For warm,
well-perfused near-water injury victims, peripheral pulse
oximetry can subsequently be used to reflect arterial
oxygen saturation. However, many near-drowning victims
may be hypothermic, hypoxic, and peripherally vasocon-
stricted, making pulse oximetry difficult to obtain. Under
these conditions, pulse oximetry alone would be an inaccur-
ate measure of ongoing resuscitative efforts and frequent,
successive arterial blood gases should be obtained to
guide therapy. Initially, many near-drowning victims
suffer acidosis—often with combined respiratory and meta-
bolic components. Hypercapnia and respiratory acidosis
should be addressed by increasing minute ventilation to
facilitate removal of additional carbon dioxide. Any per-
fusion deficit and lactic acidosis should be corrected with
additional volume administration until further evaluation
of cardiovascular function can be initiated.

Abnormal serum electrolytes are unusual unless the
victim had been immersed in a hypertonic fluid medium
or sustained cardiopulmonary arrest. Routine serum
chemistries are therefore reserved for victims who have
suffered a more severe insult. Identified abnormalities

can then be addressed as resuscitation continues. Com-
plete blood count will be normal in most victims, but
may demonstrate mild leukocytosis. Hyperglycemia fol-
lowing near-drowning has been associated with poor
outcome in both pediatric victims and animal models
(50). Resuscitation fluids containing dextrose should be
avoided and hyperglycemic states should be aggressively
treated (23).

Toxicology screens, blood alcohol levels, and serum
anticonvulsant levels should be run as suggested by the
victim’s history.

Detection and Treatment of Hypothermia
Low body temperatures predispose the immersion victim

to cardiac dysrhythmias, coagulation derangements, and

altered mental status. Hypothermia plays a dual role in
drowning and near-drowning injury. Hypothermia
induced from prolonged immersion in icy water has been
reported to exert a protective effect in several victims by
reducing cardiac and cerebral metabolic needs (6,51).
Initial and subsequent core body temperatures must be
obtained and recorded. Low core body temperature from
warm water immersion more accurately may reflect an
extended period of hypoperfusion during submersion,
CPR, and transport. Implying an extended period of cerebral
oxygen deficit, these readings suggest a poor prognosis (4).
In either case, efforts at rewarming, initiated in transit,
must continue during resuscitation. Hypothermic victims
with bradycardia and/or the presence of Osborn waves on
the cardiac rhythm tracing may be highly susceptible to
developing ventricular fibrillation. Bradycardia and/or the
occurrence of Osborn waves herald dangerous proximity
to critical ventricular fibrillation thresholds. In this event,
the patient should be kept calm, and aggressive rewarming
procedures should commence (Fig. 3) (52). Should ventri-
cular fibrillation be detected, cardiac defibrillation becomes
difficult at core body temperatures below 288C (40).

Removal of wet clothing and the application of warm
blankets and warming lights may be sufficient for restoring
mildly hypothermic individuals to normothermia. Active
rewarming techniques are employed for patients with mod-
erate (,358C) or severe (,308C) hypothermia. Warmed,
humidified O2, heated intravenous fluids, and thermal blan-
kets are effective methods available in the emergency
department. More invasive, intracavitary techniques such
as gastric lavage, bladder irrigation, intrapleural lavage,
and intraperitoneal instillation of warmed normal saline
are reserved for profoundly hypothermic individuals
(4,17). Extracorporeal techniques have also been used suc-
cessfully to treat life-threatening hypothermia (53).

Medications
Pulmonary insult may be profound among near-drowning
survivors. Bronchospasm is frequently associated with this
injury and can be treated effectively with inhaled broncho-
dilators. Varying degrees of pulmonary edema may also be
present. In these cases, diuretic administration, which
may facilitate gas exchange, must be weighed with the
patient’s intravascular volume assessment. In many cases,
endotracheal intubation and positive pressure ventilation
with positive-end expiratory pressure (PEEP) are the most
important interventions. Unless the victim is known to
have aspirated contaminated water, prophylactic antibiotics

are not indicated as an initial intervention (6,54).

Figure 2 Submersion/immersion victims may demonstrate

any of several findings on chest radiograph or the film may not

give any evidence of acute injury.
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Disposition
All victims of water-related injuries potentially involving
immersion or submersion should be evaluated by a health
professional (14). Individuals sustaining limited insult who
arrive in the emergency department exhibiting little or no
symptoms should be fully examined for evidence of occult
hypoxia. If no clinical evidence of injury is discovered, and
the patient maintains normal oxygen saturation on room
air, the patient should be observed for four to six hours in
the emergency department (55). After that, if no deterio-
ration occurs during this interval, the patient may be safely
discharged to go home (56). Patients with significant
aleveolar–arterial oxygen gradients, altered mental status,
or other significant injuries should be admitted to the inten-
sive care unit.

Intensive Care Intervention
Any near-drowning victim who remains hypoxic or
hypothermic, demonstrates a clouded mental status exam,
or gives evidence of pulmonary parenchymal injury
should be admitted to an intensive care setting for additional
evaluation and ongoing treatment. By the time of this trans-
fer, any initial hypoxic parenchymal pulmonary or cerebral
injury has already been sustained at the tissue level. Prevent-
ing additional secondary damage through correction and
stabilization of oxygenation and perfusion deficits is the
initial goal of the intensivist once the near-drowning victim
reaches the intensive care unit (ICU). Only once these
parameters approach preinjury levels can recovery begin.

Respiratory Failure
Hypoxia from pulmonary parenchymal injury unrespon-

sive to supplemental O2 therapy and bronchodilator

therapy requires intubation and mechanical ventilation.

As Modell (57) states, positive pressure ventilation modal-
ities may be the “single treatment most effective in reversing
hypoxia postaspiration” (58). Therapeutic benefits of posi-
tive pressure ventilation include reduced intrapulmonary
shunt, improved oxygenation, and heightened CO2 clear-
ance through recruitment of collapsed alveoli. Recruit-
ment of collapsed alveoli with mechanical ventilation and
positive end expiratory pressure (PEEP) reduces intrapul-
monary shunt, improves oxygenation and carbon dioxide

clearance. Indicators for this modality include a PaO2/
FiO2 ratio less than 300 or a shunt fraction (Q̇s/Q̇t) greater
than 0.15 (2). Once in the ICU, continuous pulse oximetry
and serial arterial blood gas measurements are vital to docu-
ment patient response to treatment (2,4).

For pulmonary compromised, spontaneously breathing
and alert individuals following a near-drowning episode,
application of continuous positive airway pressure (CPAP)
or bilevel positive airway pressure via nasal mask or full
face mask may be adequate (19,59), but these are labor-
intensive in the acute care setting and patients may deterio-
rate before they improve. Current recommendations are
to begin support at low positive pressures (5 mmHg) and
incrementally increase the pressure by 2.5 mmHg until a
PaO2 of greater than 70 is reached on nontoxic levels of
inspired oxygen (,60% FiO2) (55). Generally, this may be
achieved with pressures less than 25 mmHg. As biotrauma
and pneumothorax may occur at higher peak airway press-
ures, failure to achieve therapeutic respiratory goals using
moderate pressures is an indication for invasive ventilation.

Patients who are too ill to begin with noninvasive ven-
tilation techniques, including those exhibiting mental status
depression, requiring significant pulmonary toilet, present-
ing severe hypoxia or pulmonary injury progressing

Figure 3 An electrocardiogram (EKG) from a hypothermic patient (temperature 35.68C) demonstrating first-degree atrio-ventricular (AV)

block and J-waves (Osborn waves) in lead II and leads V5–V6. Source: From Ref. 52.
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beyond initial aspiration edema, will require emergent
intubation and mechanical ventilation. Although mode of
ventilation and initial settings will vary with age and
size of the victim, pulmonary dynamic dysfunction, extent
of brain injury, and intensivist preference, provision of
positive pressure via a secure airway remains the
common strategy. Available modalities are described in
Volume 2, Chapter 27. No single ventilation strategy is
applicable to all individuals. Matching modality and pul-
monary deficit requires experience and attentive evaluation
of the patient’s physiologic needs. Once instituted, the posi-
tive pressure flow of oxygenated gas into the tracheobron-
chial tree can overcome the decreased alveolar closing
pressure resulting from aspiration-induced alveolar surfac-
tant wash out (19). As collapsed lung segments are
recruited, and fluid in flooded alveoli is reabsorbed,
improvement in pulmonary shunting occurs and PaO2 gen-
erally rises. As in other etiologies of acute lung injury, vig-
ilance must be maintained when applying positive pressure
ventilation techniques to near-drowning victims. Rapid
removal of inspiratory supporting pressures and positive
end expiratory pressures can allow the previously recruited
lung units to collapse. Recruitment of these “long time con-
stant” alveoli typically requires far more time than that
required for collapse. Loss of lung ventilatory volume pro-
motes reemergence of V/Q mismatching shunt and recur-
rent hypoxia. Current recommendations by Orlowski
suggest administering positive pressure incrementally
until satisfactory oxygenation is achieved. The CPAP and
PEEP levels should then be maintained for at least
24 hours before attempts to wean begin (2).

The acute respiratory distress syndrome (ARDS) may
complicate the aspiration injury of near-drowning. Although
usually identified following more severe aspiration epi-
sodes, ARDS in the near-drowning patient conveys signifi-
cant morbidity and mortality (20). Minimization of both
volume trauma and barotrauma to limit parenchymal lung
damage are integral to ARDS intervention.

Postaspiration pneumonia is a known, but not
common, complication of near-drowning. This infection
occurs infrequently and may be linked to the aspiration of
grossly contaminated water or gastric contents during the
submersion episode (60). Such frequently colonized bodies
of water include freshwater ponds, lakes, rivers, cesspools,
toilets, and hot tubs (44,60). Reported pathogens include
Streptococci, Pseudomonas, Aeromonas, Burkholderia, and Vibro-
nacea species (60,61). Both freshwater- and saltwater-induced
bacterial pneumonias have been reported and cases of near-
drowning fungal pneumonia also exist (62). Patients whose
near-drowning event occurred in a location with high suspi-
cion for contaminated water should have bronchoscopic
samples sent for gram stain upon arrival. Identifying emer-
ging secondary pneumonia within the clinical picture of
acute lung injury may be difficult. Given the increased mor-
bidity and mortality associated with ventilator associated
pneumonia, the temptation to begin prophylactic antibiotic
associated coverage may be high. However, as cases of pneu-
monia are infrequent and antibiotic resistance selection
pressure may be high in the ICU setting, prophylactic anti-
biotics are not recommended for victims of near-drowning
unless the submersion fluid contains known contaminants
(19). Instead, a more conservative approach is advocated.
The clinical course of each patient should be followed
closely. Patients demonstrating an evolving infiltrate on
chest radiograph as well as fever, leukocytosis, or productive
sputum should have respiratory cultures obtained. Empiric

antimicrobial therapy based on Gram stain results can be
initiated, and definitive agents chosen once the culture and
sensitivity results are obtained. In this manner, effective anti-
biotic usage is encouraged and emergence of resistant organ-
isms may be reduced (2,4,14).

Cerebral Anoxia
Over the last two decades, great attention has been
focused towards arresting the global hypoxic–ischemic
insult of water-related injury by aggressive control of
intracranial hypertension and maximization of cerebral
oxygen delivery. Early in this period, Conn et al. (63) advo-
cated application of “HYPER” therapy for cerebral
resuscitation of near-drowning victims. Utilizing hyper-
ventilation to maintain pCO2 near 30 mmHg, control of
hyperhydration with diuretics, avoidance of hyperthermia,
control of hyperexcitability with barbiturate coma, and
paralytic agents to prevent hyperrigidity, Conn et al.’s
(63) “brain preservation techniques” applied to severely
injured pediatric immersion victims resulted in a 44%
normal recovery, 24% neurologically impaired children,
and a 33% fatality rate. Although encouraging, these
results have not been consistently replicated in subsequent
investigations and routine use of the “HYPER” protocol
has not been recommended by contemporary reviews
(64–66). Approaching comatose, near-drowning patients
aggressively on a case-by-case basis—without a regimen-
ted intervention regime—Modell et al. (67) have demon-
strated comparable results for both pediatric and adult
patients. Utilization of this selective therapy strategy has
since become the mainstay for treatment of near-drowning
cerebral injury.

Ensuring an adequate supply of oxygen for cerebral
metabolism and recovery remains the primary aim during
continued intervention in the intensive care unit. Earlier
efforts to establish and maintain an adequate airway, sup-
plemental oxygen, and support of perfusion are integral to
oxygen delivery. As in initial resuscitation efforts, arterial
pO2 and mean arterial pressures within the normal range
are the goals for patient-specific management—and measures
to guarantee these parameters should be tailored to the
physiologic profile presented by each victim.

Elevated intracranial pressure is a known compli-
cation of cerebral anoxic injury. For initial survivors
of near-drowning episodes, this secondary insult irreversi-
bly compounds any initial neuronal damage that has
already occurred (17). Despite the additional threat,
aggressive measures to reduce intracranial hypertension
have not ultimately improved patient outcome (63,68–
70). Routine measurement of intracranial pressure is there-
fore not recommended and may only induce additional
case morbidity (71). Hyperventilation ( pCO2 between 25
and 30) is controversial, however, most clinicians advocate
elevation of the head to 308 (once spinal integrity is
assured), and judicious administration of fluids to
support both arterial pressure and osmolality to preinjury
norms (2,23,55).

Individual case reports have suggested that hypother-
mia may extend a degree of cerebral protection to near-
drowning victims. Common elements to these cases are
rapid core body cooling at the time of submersion
and very cold water. Hoping to extend the period of
reduced cerebral oxygen requirement and promote
enhanced recovery, deliberate hypothermia has previously
been induced in the intensive care setting. These efforts
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have not proven successful and routine use of deliberate
hypothermia is not advocated (28,64,67). Introduction of
additional morbidity from elevated risk of infection has
further lobbied against its use (64,69,72).

Seizures may occasionally complicate the postresusci-
tation phase of near-drowning cerebral injury. Adminis-
tration of lorazepam or midazolam for seizure control is
indicated and continued prophylaxis with phenytoin may
be necessary (10,55).

Hypoperfusion
Hemodynamic alterations often coexist with pulmonary gas
exchange and central nervous system deficits in the near-
drowning patient. The movement of plasma water into the
lungs following aspiration injury may induce a state of rela-
tive hypovolemia in the near-drowning patient. Additional
compromise of circulation volume may occur as positive
pressure ventilation strategies further tax venous return. As
central volume status is intimately interrelated to pulmonary
and cerebral functioning, recognition of inadequate perfusion
states is integral to ongoing patient management in the inten-
sive care unit. Placement of a pulmonary artery catheter can
assist management of hypoperfusion states where volume
status is in question (2,19). Additionally, echocardiography
has been successfully employed both as a single study
and in serial exams during the postresuscitation phase of
near-drowning injury (19,20).

Once diagnosed, therapy for hypoperfusion should be
cause-directed. Inadequate circulating volume should be
repleted with cystalloid and colloid fluids as physiologically
indicated in any patient with evidence of ongoing shock.
Coincident myocardial infarction should be excluded—
particularly in unwitnessed submersions. Arrhythmogenic
depression of cardiac output typically responds to correction
of hypoxia, hypothermia, acidosis, and electrolyte disturb-
ances (44). When indicated, inotropic support is instituted
and guided by PA catheter data. Finally, spinal injury
should be excluded as an etiology of ongoing perfusion
deficit for victims with a suggestive mechanism.

Grief Counseling and Emotional Support
When serious submersion/immersion injury occurs, it typi-
cally strikes a formerly fully functioning individual—often
a child. The emotional cost for family and friends is high.
As the patient’s clinical course in the ICU is apt to be tumul-
tuous—and sometimes prolonged—it may be useful for the
physician of record to seek assistance when addressing the
many issues that can arise during this period. Social
service staff and pastoral assistance are often invaluable in
facilitating family dialogue and providing additional
support during the difficult task of familial decision-
making. Seeking the input of consult physicians is often
warranted and can provide reinforcement for intervention
strategies as well as an additional resource for family
questions. (Also see Volume 2, Chapter 64.)

PROGNOSIS

Equal to the efforts directed toward improving survival for
the severely injured segment of near-drowning victims has
been the attempt to develop criteria for stratifying those indi-
viduals expected to survive with little or no sequelae from
those victims unlikely to do so. Reports from the last 20
years have examined a number of factors—alone and in

combination—in hopes of uncovering a valid prognostic
schema. What is known is that ultimate outcome is depen-
dent upon the degree of cerebral anoxic injury. What is not
yet clear is how best, to project function following such
damage.

Outcome Variables
Elements contributing to eventual outcome include both pre-
hospital and hospital factors (Table 2). Given that bystander
and rescuer attention is focused on extraction and initial
resuscitation of the victim at the time of a submersion/
immersion episode, it is often difficult to reconstruct
accurately and quantify those prehospital factors that may
later be called upon for prognostic purposes. However, just
as in other causes of head injury, episodes of hypoten-
sion or hypoxia are likely to have a detrimental effect
(73). Presence or absence of fluid aspiration, and physio-
logic status immediately following rescue, represent the
first breakpoint for stratifying outcomes following near-
drowning events. Spontaneously breathing, neuro-
logically intact individuals—unlikely to have sustained
significant cerebral anoxia—have excellent outcomes
(20,23). For those victims requiring advanced support
measures during resuscitation and transport, the degree of
expected recovery may be more closely linked to a number
of variables. Submersion times greater than 10 minutes are
generally attributed a worse prognosis, whereas victims
rescued within five minutes may escape the threshold of
irreversible CNS damage (4,17,74,75). As summarized by
Anas and Lewis (17), submersion times between these
limits are “highly variable.” Water temperature may play a
limited role. As stated earlier, rapid immersion in icy water
(,208C) may afford victims a degree of cerebral protection
(4). However, as icy water submersion victims are infre-
quent, and water temperature data are often not obtained
at the scene during rescue, this measure contributes little
prognostic value for the majority of near-drowning individ-
uals. The duration of cardiopulmonary resuscitation has also
been reported as a prognostic variable. Given that CPR
application may yield a cardiac output insufficient for

Table 2 Factors Evaluated for Near-Drowning

Prognostic Significance

Prehospital factors Hospital factors

Submersion time Presence of pulse on

arrival

Water temperature GCS on arrival

Interval before CPR Length of CPR

administration

Duration of hypoxia Core body temperature

Duration of

resuscitation

Need for cardiac inotropic

support

Presence of cardiac

rhythm or asystole

Initial arterial blood pH

Reactive pupils Initial blood glucose

Level of

consciousness

Presence of seizure

activity

Serial neurologic

examination

Abbreviations: CPR, cardiopulmonary rescuscitation; GCS,

Glasgow Coma Scale.
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adequate cerebral perfusion, CPR duration may represent an
interval of continued brain ischemia and cell death (17).
Therefore, it is not surprising that longer victim dependence
upon CPR predicts a worse outcome (48,76).

Multiple hospital-based factors have been investigated
for relation to outcome from near-drowning episodes. Given
the volume of data, an in-depth evaluation of individual
criteria is beyond the scope of this chapter. Presenting phys-
ical examination criteria evaluated in the current literature
include: presence of cardiac activity and palpable pulse,
initial blood pressure, spontaneous respirations, core
temperature, and components of the neurologic examin-
ation. Laboratory measures investigated include arterial
pH, oxygen saturation, and initial blood glucose concen-
tration. Resuscitation measures have also been examined
for outcome relevance. The use and duration of CPR, neces-
sity of cardiac inotropes, hyperventilation measures, and
mannitol administration have all been compared to victim
recovery. Finally, continued management strategies of bar-
biturate coma and pharmacologic paralysis have also been
studied.

Outcome Measures
Compiling outcome data into formats easier to apply for pre-
diction purposes, rating scales have been developed to aid
physicians in projecting the clinical course of near-drowning
victims and assist in intervention planning. Each scale has
value in helping health-care providers understand the
dynamic course of submersion/immersion injury and the
challenges facing each victim (Table 3). Each also facilitates
discussion with family members—giving physicians a
means for quantifying and sharing recovery projections so
that realistic recovery expectations may be understood.

Despite tremendous effort in their development, no indi-

vidual rating scale is 100% sensitive or specific for stratify-
ing outcomes for near-drowning victims. Caution must

be exercised when approaching patients for evaluation—
particularly those victims presenting to the hospital severely
impaired or without initial signs of life (74). The challenge
remains to offer aggressive resuscitation measures to those
victims with a chance for survival, but to cease efforts in a
timely manner for individuals for whom further therapy
would be unlikely to result in reanimation. As neurologically
intact individuals have emerged following grim clinical pre-
sentations, current recommendations urge that all victims
continue to receive on-scene resuscitation, rapid transport,
and continued interventions until evaluation in a hospital
setting has confirmed death by drowning (4,6).

PREVENTION

Survival rates from near-drowning episodes have improved
in recent years as the medical knowledge base continues to
grow. Despite these encouragements, the greatest opportu-
nity to reduce the number of immersion injuries and
deaths remains efforts at prevention.

Supervision and Education
Key to the prevention effort is education. The lessons are
clear, but the challenge has been reaching out to those
most at risk. In a 10-year study on immersion injuries,
Quan et al. (77) found a “profound lack of supervision in
all settings.” Improvement in these statistics will require a
coordinated effort. Health professionals and educators
are charged with the task of increasing awareness, teaching
preventive interventions, and reinforcing these messages
to encourage compliance. Target audiences include
parents, child-care providers, pool owners, adolescents,
and water-recreation enthusiasts.

Home prevention efforts should be taught to all
parents. Infants and toddlers should not be left unsupervised

Table 3 Outcome Rating Scales that May Assist the Health Care Provider to Effectively Evaluate and

Communicate the Clinical Status of Submersion/Immersion Victims

Scale Factors evaluated Range of scores References

GCS Eye opening 3–15 (4)

Best verbal ability

Best motor ability

Conn and associates Level of consciousness Awake (A) (63)

Two hours postresuscitation Blunted (B)

Comatose (C, C1,

C2, C3)

Orlowski Patient age (2)

Submersion time

Preresuscitation interval

Coma on presentation

Arterial blood pH

PRISM Fourteen physiologic vari-

ables (physical exam, GCS,

and laboratory values)

(74,75)

Orlowski and

Szpilman

Pulmonary auscultation Grades 1–6 (2)

Arterial blood pressure

Presence of apnea

Cardiopulmonary arrest

Abbreviations: GCS, Glasgow Coma Scale; PRISM, pediatric risk of injury score.
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while in the bathtub, nor entrusted to the care of another
young child. Pools, spas, toilets, buckets, and fish tanks rep-
resent additional home hazards and safe practices regarding
their use should be reinforced.

Swimming education for children should begin by five
years of age, yet parents must not rely on swimming ability
alone for child safety (4). Overestimation of swimming
ability occurs within all age groups. Swimming lessons,
therefore, should be considered only one layer of safety in
what should be a multiple-layer safety system encompassing
adequate supervision, necessary safety equipment, and CPR
education. The past experience of an immersion episode
may not be sufficient stimulus for safer behavior. As
Hanke et al. (44) reports, children who recover from a sub-
mersion episode may not develop fear of the water and inter-
ventions to prevent recurrence are not always activated by
parents following the event.

Over 40% of pool owners are unable to provide CPR
(2). Given the increasing numbers of home swimming
pools being constructed, this number should be a clear
target for intervention. Opening the airway and providing
a source of oxygen to brain cells is the pivotal point in the
resuscitation process. Decreasing the interval from injury to
oxygenation may improve the odds of recovery for countless
near-drowning victims. DeNicola et al. (4) have advocated
teaching BLS techniques at the elementary level—and reinfor-
cing these early lessons during middle and high school
years. Whether as part of the school experience, community
education programs, or health-care sponsored classes, CPR
education should be an opportunity encouraged for all age
groups.

Alcohol use is reported to contribute to 25% to 50% of all
adolescent and adult deaths associated with water recreation
(1). Teaching and enforcing responsible practices for the use
of alcohol remains a significant challenge. Restricting minors
from alcohol and encouraging abstinence by adults during
water-related activities is only a beginning. Boater and per-
sonal watercraft safety education classes should continue to
emphasize the impairment to both judgment and coordination
alcohol can induce.

Finally, individuals with syncopal or seizure disorders
represent an additional at-risk population (19). Seizure
disorder magnifies the risk of submersion fourfold
regardless of age (3,78). Individuals with known health con-
ditions should always engage in water-related recreation
activities under constant supervision. The choice of
showers over baths may also help reduce their risk for sub-
mersion injuries.

Environmental Modifications
Proper pool fencing is reported to reduce the number of

immersion injuries by 50% (79). Despite this fact, many
home pools remain inadequately protected. The Consumer
Product Safety Commission has recommended that
appropriate fencing should enclose the pool on all four
sides (79). Three-sided fencing that utilizes one side of a
dwelling to complete the enclosure is not a sufficient safety
measure as toddlers and young children may still gain
access to the pool via the home. Vertical fencing dimensions
are recommended as height at least 5 ft, vertical slats no
greater than 4 in. apart (Fig. 4). Horizontal fencing should
be constructed with slat spacing no greater than 1.75 in.
apart to discourage climbers (80). A self-closing, self-latching
gate is also recommended as part of a safe pool environment.

The latch should be positioned at such height that children
of small stature may not easily gain access.

Even if properly constructed, fencing alone is not
adequate protection. The Centers for Disease Control
report fencing to reduce drowning deaths for children
under five by one-fifth (81). The use of automatic pool
covers and pool alarms may further reduce childhood
drowning rates. Additional recommended pool safety
equipment should include a Shepherd’s hook, flotation
devices, cellular phone, and emergency contact numbers
within easy reach.

EYE TOTHE FUTURE

Given the sporadic and unplanned nature of drowning and
near-drowning injuries, prospective randomized trials of dif-
fering treatment regimens would be extremely difficult.
Current advances in care of the submersion/immersion
patient parallel those for critically ill patients in general. Ven-
tilator strategies and modalities for the treatment of ALI/
ARDS are currently being evaluated and may prove appli-
cable for near-drowning patients. Pharmacologic manipu-
lation of the sepsis syndrome and inflammatory state
mediators may also become beneficial. Additional measures
to help prevent drowning incidents (heightened awareness,
intervention education, and strict safety practices) will
undoubtedly also play key roles in future practices.

SUMMARY

The cost of drowning deaths and near-drowning episodes
remains high. Despite advances in medical intervention
and prevention education, far too many individuals and
families experience firsthand the tremendous physical and
emotional devastation these unexpected tragic incidents
incur. The past several decades have seen increased
understanding of drowning physiology, improved efforts
for resuscitation, and directed strategies for drowning
prevention. Yet the number of victims has not dramatically
decreased. As many drowning and near-drowning episodes
are ultimately determined to be avoidable accidents, much
work has yet to be done. Future community goals should
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Figure 4 Proper fencing encloses all four sides of the pool and

restricts access to the pool directly from within the home.
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include routine pediatric caregiver delivered instruction for
child drowning prevention in the home, mandatory pool
safety education for purchasers of new home swimming
pools, CPR certification as an element of school health curri-
culum, continued efforts for alcohol and substance abuse
education for adolescents and boaters and personal water-
craft mandatory safety education and renewed efforts for
effective pool fencing legislation.

KEY POINTS

Drowning deaths show a bi-modal age distribution (4).
Toddlers less than three years of age and adolescent
males aged 15 to 19 represent the peaks in inci-
dence (14).
Whether the terminal event of a drowning episode, or a
severe cerebral deficit caused by a near-drowning inci-
dent, the final common pathologic denominator is
reduced oxygen delivery at the tissue level (14).
Clinically significant derangements of pulmonary gas
exchange can occur after as little as 1 to 3 mL/kg of
fluid aspiration (21,31,32)
The common denominator of drowning induced tissue
damage is hypoxia, and the brain is the organ where
ischemia exerts its greatest cost.
Although reduced core body temperature is organ pro-
tective, in the uncontrolled setting associated with near
drowning, hypothermia can threaten the victim’s survi-
val due to cardiac instability/arrest.
During water rescue situations, discovery of a non-
breathing victim should direct emergency treat-
ment initially to the ABCs (airway, breathing, and
circulation)—even before transport out of the water
begins. Opening the airway and providing rescue
breaths using standard CPR techniques should be the
initial intervention for an apneic victim (43).
Pulmonary gas exchange abnormalities may develop,
even in spontaneously breathing individuals, following
near-drowning submersion and immersion episodes.
Initial emergency department efforts include a primary
survey (Volume 1, Chapter 8), followed by the evalu-
ation and treatment of insults resulting from the
oxygen deficit, and evaluation of other injuries that
may have been concomitantly sustained during the
near-drowning event.
Initial chest radiographs may not demonstrate the full
extent of pulmonary injury resulting from submer-
sion/immersion episodes.
Low body temperatures predispose the immersion
victim to cardiac dysrhythmias, coagulation derange-
ments, and altered mental status.
Unless the victim is known to have aspirated contami-
nated water, prophylactic antibiotics are not indicated
as an initial intervention (6,54).
Hypoxia from pulmonary parenchymal injury unre-
sponsive to supplemental O2 therapy and bronchodila-
tor therapy requires intubation and mechanical
ventilation.
Recruitment of collapsed alveoli with mechanical venti-
lation and positive end expiratory pressure (PEEP)
reduces intrapulmonary shunt, improves oxygenation
and carbon dioxide clearance.
Presence or absence of fluid aspiration, and physiologic
status immediately following rescue, represent the first

breakpoint for stratifying outcomes following near-
drowning events.
Despite tremendous effort in their development, no
individual rating scale is 100% sensitive or specific for
stratifying outcomes for near-drowning victims.
Proper pool fencing is reported to reduce the number of
immersion injuries by fifty percent (79).
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INTRODUCTION

Trauma continues to be the leading cause of death in children
over one year of age despite advances in treatment and preven-
tive measures (1). Anatomic, physiologic, and intellectual
differences between children and adults result in different
injury patterns, as well as variations in the algorithms for
evaluation and management of trauma. This chapter highlights
the differences between injured children and adults, and how
these variations affect management of the injured child.

EPIDEMIOLOGY

In 2002, 17,588 deaths occurred in children (,20 years of age)
in the United States due to traumatic injuries (2). Types and
mechanisms of injuries vary by age, and this fact has important
implications for injury prevention. Hospital admission is more
likely to occur after a fall off home furniture in children aged
one to four years, but for children aged five to nine years old
falls from of playground equipment predominate as the mech-
anism of injury requiring hospitalization (3). Similarly, falls out
of windows are of great concern in urban settings, whereas
such mechanisms of injuries are rare in rural areas (4). Ped-
estrian injuries also vary by age, as younger children are
more likely to be injured during daylight hours and while
crossing streets in the middle of the block. Adolescents,
however, are more likely to be injured at night and at street
intersections (5). Other unique injury mechanisms commonly
occurring in young children include toppled television sets,
high chairs, and strollers (6–8).

INJURY PREVENTION

Injury-prevention techniques can significantly decrease trau-
matic deaths, and potentially have a greater impact than
improvements in medical treatment (9). Injury prevention
must be focused on the specific age, location, and gender-
related aspects of childhood activities. Prevention of ped-
estrian injuries must focus on the age of the pedestrian as
different age groups have different patterns of injury (10).
Death rates from traumatic injury are higher among males,
minority, and low-income children (11). Injury-prevention
interventions including car seats and bicycle helmets are
effective in preventing pediatric deaths and minimize

trauma severity (12,13). However, some injury-prevention
strategies that are helpful in adults are paradoxically
harmful to children (e.g., airbags in infants) (14). Accordingly,
injury-prevention strategies require evaluation for potential
effects on both the adult and pediatric populations (14).

PREHOSPITAL CONSIDERATIONS
The Pediatric Trauma Score
The Pediatric Trauma Score was developed to provide
prehospital caregivers with a tool to triage injured children
to hospitals that are equipped to provide the appropriate
level of care (Table 1) (15). A Pediatric Trauma Score
�8 suggests that the child should be transported to a
trauma center because of the high risk of morbidity and

mortality (16). Several studies comparing the Pediatric
Trauma Score and the Revised Trauma Score demonstrate
that both scores are equally satisfactory (17,18).

Posttraumatic Prehospital Cardiac Arrest
Posttraumatic prehospital cardiac arrest portends a poor
outcome with decreased chance for survival (Volume 1,
Chapter 13). When prehospital arrest follows blunt trauma,
aggressive emergency department therapy is seldom war-
ranted. Many systems have implemented protocols allowing
pronouncement of death at the scene when signs of life
are absent, and there is no chance of resuscitation (19).
However, when a cardiopulmonary arrest following pene-
trating trauma occurs within five minutes of the hospital
resuscitation bay, aggressive resuscitative efforts are
indicated. Pediatric indications for resuscitative thoracot-
omy for prehospital traumatic arrest are identical to those
in adults (Volume 1, Chapter 13) (20). Additionally, children
who are promptly rescued following cold-water submersion
merit CPR and aggressive warming.

Prehospital Procedures
Prehospital procedures that delay transport, including
intubation and vascular access, require careful scrutiny
(21). Airway management is difficult in the traumatized
child where neck movements are limited due to concerns
of cervical spine injury.

In contrast to adults, prehospital pediatric airway
management with bag-mask ventilation may be superior
to intubation. A recent randomized controlled trial
failed to demonstrate a benefit for prehospital intubation
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in children (22). Analysis of the National Pediatric Trauma
Registry also failed to demonstrate a benefit of endotracheal
intubation over bag-valve-mask (BVM)-assisted ventilation
in injured children (23).

The large occiput in the pediatric trauma patient compli-
cates cervical spine immobilization, and unless special tech-
niques are employed, flexion of the child’s cervical spine will
eventually occur when placed supine. Various techniques
have been used to maintain pediatric cervical spine alignment
including placement of padding between the child’s posterior
chest and the backboard, as well as institution of commercially
made backboards with anatomically correct occipital
depressions. Even with these manipulations and devices, vigi-
lance regarding cervical positioning is required.

Transportation of the injured child should not be delayed
just because vascular access is difficult. An intra-osseous line is
an acceptable option in the injured child who requires emer-
gent prehospital fluid or drug therapy when multiple attempts
at venous access have been unsuccessful (24,25).

PRIMARY SURVEYçPEDIATRIC APPROACH

The pediatric trauma team is headed by a team leader skilled
in the resuscitation of injured children. In addition,
experienced individuals should be tasked with obtaining
intravenous (IV) access when placement is difficult.

Length-based weight-conversion devices (e.g., Broselow
Pediatric Resuscitation Measuring Tape) can quickly
provide estimates of the child’s weight, appropriate-sized
resuscitation equipment, and medication dosages for

teams with minimal pediatric experience. The initial
evaluation of the injured child follows the same protocol
(ABCDEs) as the injured adult (Volume 1, Chapter 8). Only
the pediatric differences will be highlighted here.

Airway with Cervical Spine Control (Table 10)
The primary survey begins with an assessment of the child’s
airway both in terms of patency and with anticipated diffi-
culty of intubation. Strict cervical spine precautions should
be maintained throughout. Newborns and infants are obli-
gate nose-breathers, and thus maintenance of patent nasal
passages is essential. Children of this age group also have
a relatively large tongue compared with the size of their
oral cavity and are prone to obstruction of the soft palate
when supine. This obstruction of the upper airway may be

overcome by an oral airway or jaw thrust. A proper-sized
oral airway is approximately the length from corner of lip
to earlobe. If the child is conscious and likely to have a
strong gag response, an oral airway should not be placed
as it may cause retching or emesis. Nasopharyngeal
airways are better tolerated in awake children but should
be avoided following nasopharyngeal injury, suspected
basilar skull fracture, or disruption of the cribiform plate.
Strong suction should be available for removal of secretions
or vomit that may obstruct the airway.

An immediate definitive airway (endotracheal tube or
tracheostomy) is indicated in the setting of apnea, hypoxia,
shock, or Glasgow Coma Scale (GCS) score � 8 (Table 3).
When preparing for oral intubation, the cervical spine collar
(c-collar) must be removed to allow for adequate mouth
opening. In-line stabilization of the c-spine must then be con-
tinuously maintained until the c-collar is replaced. It is gener-
ally not possible to attain a proper “sniff” position while
employing cervical spine precautions; accordingly, trauma
intubating conditions are generally suboptimal (26,27).

Rapid Sequence Intubation
As with adults, pediatric trauma victims should be con-
sidered to have a full stomach, and a rapid sequence intuba-
tion (RSI) is indicated in the absence of anticipated difficult
airway (28). Prior to induction of anesthesia, all reasonable
attempts at preoxygenation should be made (29–32).
Anesthesia is then induced with an IV hypnotic (etomidate
or ketamine), while cricoid pressure is applied, and a
rapid-onset neuromuscular blockade (NMB) drug such as
succinylcholine or rocuronium is immediately administered
(33,34). Further discussion of induction drugs is provided
below. With the onset of apnea, the standard rapid sequence
induction may be modified to include gentle positive
pressure mask ventilation as needed to maintain oxygen-
ation. Cricoid pressure has been shown to minimize

Table 1 Pediatric Trauma Score

Score

2 1 21

Weight (kg) �20 10–19 ,10

Airway Normal Maintainable Unmaintainable

Systolic blood

pressure

(mmHg)

.90 .89–50 ,50

Central nervous

system

Awake Obtunded

or loss of

consciousness

Coma or decerebrate

Open wound None Minor Major or penetrating

Skeletal None Closed fracture Open or multiple

fractures

Source: From Ref. 15.

Table 2 Pediatric Airway Characteristics Influencing

Trauma Airway Management

Pediatric airway

characteristic(s)

Clinical

relevance

Children ,6 mo old are

obligate nose breathers

Nasal obstruction (i.e., NG tube,

tape, etc.) impairs the airway.

Oral artificial airways less

effective than nasal

Large tongue: orpharynx size,

large tonsils, adenoids, and

lymphoid tissues

These findings contribute to the

propensity for upper airway

obstruction

Short tracheas Increased risk of right main-stem

intubation, and accidental

extubation compared to adults

Narrowest portion of airway

is subglottic

Despite translaryngeal passage,

ETT may find obstruction

below cords

Glottis more anterior and

more cephalad (C3 in

infants, C3-4 children,

C5 in adults)

Direct visualization more

difficult for the inexperienced

clinician

Large occiput In-line immobilization difficult

without support under chest

(towels, etc.)

Abbreviations: ETT, endotracheal tube; NG, nasogastric.
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gastric insufflation in infants and children during mask ven-
tilation (33,35). However, excessive cricoid pressure in neo-
nates and young children can occlude the trachea and
impair glottic visualization. Hypovolemic or hemodynami-
cally unstable patients are more likely to become hypoten-
sive after induction with agents such as propofol,
thiopental, ketamine, or even etomidate. These agents
should be omitted in such patients, or the doses adminis-
tered dramatically reduced dependent upon initial level of
consciousness.

The trachea is intubated when optimal paralysis is
achieved, usually 30 to 90 seconds. A child’s epiglottis

is longer, narrower and more U-shaped than in the adult.
Additionally, the larynx is higher and has an anterior
inclination making the straight Miller blade most useful to
lift the epiglottis out of the way during laryngoscopy.

External laryngeal pressure can markedly improve the
view during laryngoscopy. The choice of endotracheal tube
(ETT) diameter depends upon the age of the child and
various formulas exist for determining the exact size of the
ETT (Table 4). A reasonable approximation is: internal diam-
eter of ETT ¼ (16þ age in years)/4. The formula is not valid
for neonates and infants where ETT size is better estimated
using the neonatal guidelines provided in Table 5.

The trachea of young children is short in length
and there is a high risk of main-stem intubation (Fig. 1) or
dislodgement of the ETT from the trachea during neck

movements. Proper ETT depth is measured in centi-
meters, and can be estimated by multiplying the size of
the ETT by a factor of 3 or adding 10 to the child’s age; the
tube is secured at this distance from the child’s teeth
(or gum line) and placement confirmed with end-tidal
CO2, bilateral breath sounds, and chest radiograph (Fig. 1).
For neonates and infants, depth of oral ETT insertion is
estimated by the 1 to 4 kg—7 to 10 cm rule (Table 6); the
tip of the ETT should be approximately 1 to 1.5 cm above
the carina in this age group. Another technique for
gauging depth of an ETT in neonates or infants is to place
the stethoscope on the left chest and ventilate while slowly
advancing the ETT. As soon as the left-sided airway
sounds extinguish (indicating a right main-stem intubation),
the ETT is pulled out slowly to 1 cm above where bilateral
breath sounds return. This method should place the ETT
tip approximately 1–1.5 cm above the carina.

Difficult Airway Considerations for Pediatrics
Serious complications can arise during airway management
in pediatric trauma patients, and the decision to proceed
with endotracheal intubation in a spontaneously ventilating

Table 4 Approximate Pediatric Endotracheal Tube Sizes

and Depth of Insertion

Age (yr)

Internal

diameter (mm)

Depth of insertiona

(cm)

1–2 4.5 11–12

2–4 4.5–5.0 12–14

4–6 5.0–5.5 14–16

6–8 5.0–6.0 cuffed 16–17

8–10 6.0–6.5 cuffed 17–19

10–12 6.5–7.0 cuffed 19–21

Formula (yearsþ 16)/4 (ETT size � 3)

or (age yearsþ 10)

aDistance of insertion measured at teeth or alveolar ridge.

Figure 1 Right mainstem intubation in a child. Due to the

short length of the pediatric trachea, care must be taken in order

to avoid this common complication.

Table 3 Indications for Definitive Airway (Endotracheal

Intubation or Tracheostomy) in Pediatrics

Indications Examples

Immediate airway Airway obstruction despite

proper positioning, jaw thrust, removal

of visible foreign bodies

Apnea or agonal respiratory pattern

Severe respiratory distress

Hypoxemia or hypercarbia

Severe chest wall injury/flail chest

Penetrating neck injury with

expanding hematoma

GCS � 8 or deteriorating mental status

Unstable hemodynamics/active hemorrhage

Urgent or

non-emergent

airway

Impending respiratory failure

Significant maxillofacial injuries

Need for diagnostic procedures

(e.g., CT scan)

Abbreviations: CT computed tomography; GCS, Glasgow Coma Scale.

Table 5 Neonatal and Infant Endotracheal Tube Sizes

Age ETT internal diameter (mm)

Premature 2.5–3.0

Term newborn 3.0–3.5

0–6 months 3.5–4.0

6–12 months 4.0–4.5

Abbreviation: ETT, endotracheal tube.
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child should be carefully considered (36,37). Backup airway
plans and supplies should be at hand and a pediatric
surgeon (or other individual trained in placing an emer-
gency surgical airway) should be immediately available
(38,39). Options for failed intubation attempts include
BVM ventilation, laryngeal mask airway (LMA), 40 light
wand guided intubation, and fiber-optic bronchoscopic
intubation with or without an LMA conduit (Table 7).
More invasive options include needle cricothyroidotomy
with transtracheal jet ventilation, wire-guided retrograde
intubation, cricothyroidotomy, and surgical tracheostomy
(41–47).

When a potentially difficult airway is identified in a
child, awake intubation could in theory avoid the risk of a
“cannot intubate/cannot ventilate situation.” However, in
actual practice, the lack of patient cooperation renders this
option rarely nonviable in neonates or young children.
Attempted awake intubation in a struggling child may actu-
ally cause injury to laryngeal or pharyngeal tissues making
further attempts at intubation difficult or impossible
(46,48). There is also the possibility of worsening an under-
lying spinal cord injury during a struggle with awake intu-
bation in a child. However, a modified anesthetic approach
where spontaneous ventilation is maintained should be
considered in any patient with known or anticipated difficult
airway.

Basic emergency airway equipment includes oxygen, a
functional IV, suction and monitoring capability with pulse
oxymetry, blood pressure, electrocardiogram (ECG), and
end-tidal CO2 as well as availability of an esophageal detec-
tor device (EDD) (49–52). Additionally, equipment includes
an appropriately sized facemask, oral and nasal airways,
multiple laryngoscope blades (e.g., Miller 0–2 for infants
and children, Miller 2–3 and Macintosh 2–4, for older

children and adolescents), and an oxyscope for neonates
(53). Styletted ETTs of appropriate size should always be
used for emergency trauma airway management.

In preparation for failed intubation, physicians
responsible for airway management also must be skilled in
the use of the advanced airway rescue tools listed above
(39,54). In the cannot intubate/cannot ventilate situation,
these backup options can be life-saving (55).

Pediatric Emergency Airway Differences
In infants, the neck is relatively short and the cricothyroid
membrane is only 1–2-mm wide making access for needle
cricothyroidotomy difficult. If the cervical spine is not
injured, the neck should be extended to provide optimal
access to the trachea. The technique of passing an angiocath-
eter through the cricothyroid membrane is otherwise the
same as used for adults (Volume 1, Chapter 9) (42,55).

Bag ventilation via a needle cricothyroidotomy is
sometimes possible in infants, but not older children or
adults. The female end of the angiocatheter will fit the luer
connector of a 3-mL syringe, while the barrel end of the
syringe can accept the small end of the 15-mm airway
adapter from a 7.0- or 8.0-mm ID ETT, and then be connected
to a bag-valve oxygen source. Jet ventilation via the angio-
catheter is required for older children and young adults
where the high resistance of the small angiocatheter must
be overcome by higher pressures. The risk of barotrauma
is significant with any of these techniques and any upper
airway obstruction must be relieved to allow adequate
egress of air during exhalation. Proper rise and then fall of
the chest must be monitored with each breath.

Emergency surgical cricothyroidotomy can be life-
saving, and if the alternative is inability to oxygenate or
ventilate, it should be performed. However, due to the
high incidence of associated complications, cricothyroidot-
omy is not recommended for elective or semielective
conditions (especially for children �12 years of age). Defini-
tive tracheostomy by a surgical specialist is the preferred
operative technique (55).

Confirmation of Endotracheal Tube Placement
End-tidal carbon dioxide (PETCO2) is the community stan-
dard for indirect confirmation of tracheal intubation in
both the child and adult with adequate cardiac output.
Subsequent continuous monitoring of PETCO2 is valuable
as it provides a measure of adequacy of ventilation.
Additionally, abrupt cessation of PETCO2 can serve as an
early indicator of inadvertent extubation or loss of cardiac
output.

Auscultation of bilateral and equal breath sounds
(auscultation should occur in axilla or lateral chest wall)
should always be confirmed after intubation. But, it should
be recognized that auscultation is not a fail-safe method
for confirming endotracheal position. A chest radiograph
should also be obtained as soon as possible after intubation
to determine ETT depth relative to carina.

An EDD is useful in older children when poor cardiac
output results in ambiguous or undetectable PETCO2 read-
ings (49,51,52). The 100-mL bulb of the EDD is compressed
(deflated), attached to ETT, and then released. If the bulb
rapidly re-inflates, the ETT is properly positioned in the
trachea. If the bulb does not re-inflate, an esophageal intuba-
tion is likely (with the wall of the esophagus occluding the
end of the ETT). False-negatives are possible particularly in
infants where a more pliable trachea may occlude the ETT
under suction from the EDD (51,56). False-positives may

Table 7 Laryngeal Mask Airway Sizes and Accommodation

of Various Sized Endotracheal Tubes

Patient size (kg) LMA size Endotracheal tubea

,5 1 3.5 uncuffed

5–10 1.5 4.0 uncuffed

10–20 2 5.0 uncuffed

20–30 2.5 5.0 uncuffed

Child .30 kg or

small adult

3 6.0 cuffed (snug fit)

Average adult 3–4 6.0–7.0 cuffed

Large adult 5 8.0 cuffed

aApproximate internal diameter size of ETT that may be used for intubation

via the LMA with bronchoscopic guidance. External diameter of ETT

varies with manufacturer. Technique as previously described.

Abbreviation: ETT, endotracheal tube; LMA, laryngeal mask airway.

Source: Ref. 45.

Table 6 Neonatal Endotracheal Tube

(ETT) Depth Guidelines

Weight (kg) Length at alveolar ridge (cm)

1 7

2 8

3 9

4 10
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also be seen in cases of massive gastric insufflation prior to
intubation (57,58). For children aged 5–10 years, a 50-mL
bulb should be used (51). For children less than five years
of age, the EDD is probably of no use due to excessive
(false-negative and false-positive) errors, and is absolutely
not recommended for those �1 year of age. In addition to
the above indirect methods, proper endotracheal placement
of an ETT can be demonstrated by direct laryngoscopy and
bronchoscopy.

Induction Drugs
Premedications/Adjunct Medications
Atropine 20 mg/kg IV/intramuscular (IM) is useful in young
children and neonates to minimize bradycardic response to
succinylcholine, airway manipulation, and hypoxia (28).
Maintenance of heart rate is especially important in neonates
and infants as their cardiac output is more dependent on
heart rate than older children. Atropine also acts to decrease
airway secretions and helps to provide optimal conditions if
fiber-optic intubation is necessary (28,59).

Lidocaine 1.5 to 2 mg/kg IV (60–61) or fentanyl 3 to
5 mg/kg IV may be used to blunt the hemodynamic response
to laryngoscopy and endotracheal intubation.

Anesthetic Induction Agents
In a hypovolemic child, relying upon maximal sympathetic
tone to maintain blood pressure, administration of the
relatively “hemodynamically neutral” drugs etomidate or
ketamine can result in cardiovascular collapse. Hypotension
will be most profound with propofol, thiopental, and keta-
mine because each has myocardial-depressant effects as
well (see below) (62).

Etomidate 0.2 mg/kg IV is an excellent induction agent
for pediatric trauma patients because of its hemodynamic
stability, its absence of systemic vasodilation, or myocardial
depression (63). Additionally, etomidate decreases the cer-
ebral metabolic rate of O2 consumption (CMRO2) and
decreases cerebral blood flow (CBF), thus decreasing intra-
cranial pressure (ICP). These characteristics make etomidate
an ideal drug for anesthetic induction following head injury.
Ketamine is also associated with emergence of delirium and
hallucinations. Accordingly, the coadministration of a
benzodiazepine is recommended when possible.

Sodium thiopental 4 to 6 mg/kg IV is a potent barbitu-
rate induction agent without analgesic properties. Thiopen-
tal decreases CMRO2 and CBF, thus decreasing ICP. The
myocardial-depressant and vasodilatory effects of thiopental
are poorly tolerated in the setting of hemodynamic instabil-
ity. Accordingly, thiopental should be avoided if possible in
the setting of acute trauma and in any shock state or
condition of inadequate intravascular volume. Propofol
2 to 3 mg/kg IV, is a potent nonbarbiturate induction agent
that is also without analgesic properties. Propofol decreases
CMOR2 and CBF, thus decreasing ICP. The myocardial
depressant and vasodilatory effects of propofol may be
more significant than thiopental, necessitating the same
caution if administered to a pediatric trauma victim.

The benzodiazepines, midazolam or lorazepam 0.1 to
0.2 mg/kg, provide sedation and amnesia but do not have
analgesic properties. In large doses, they can provide induc-
tion of anesthesia. Administration of benzodiazepines may
result in hypotension, especially when used in conjunction
with narcotics. Induction drugs should only be administered
after adequate volume resuscitation has occurred, and even
then should be titrated carefully to avoid cardiovascular

compromise (refer to Volume 1, Chapter 19 for a general
review of induction drugs).

Neuromuscular Blocking Agents
Succinylcholine is a depolarizing NMB drug. Doses of 1.5 to
2 mg/kg IV succinylcholine provide optimal intubating con-
ditions within 30 to 60 seconds, and a duration of paralysis
of approximately five to nine minutes (28). In the absence
of an IV, succinylcholine can be administered IM (3 to
4 mg/kg) with a slightly longer onset time, and a duration
of action approaching 30 minutes. Considering pretreatment
with atropine in young children to minimize the bradycardia
is often seen following succinylcholine administration in this
age group.

Succinylcholine is contraindicated in crush injury,
hyperkalemia, burns more than 48 hours old, stroke more
than 72 hours old, myopathy or family history of malignant
hyperthermia. Manufacturer recommendations also indicate
a relative contraindication to the use of succinylcholine in
children. This is largely due to the concern of unrecognized
myopathy in the pediatric population. The need for rapid
onset and rapid recovery from paralysis must be weighed
against the risk of an adverse reaction with succinylcholine.

Rocuronium is a nondepolarizing NMB drug. In doses
of 1.2 mg/kg IV, rocuronium provides optimal intubating
conditions in 60 to 90 seconds, but has a much longer dur-
ation of action than succinylcholine (.30 min). Because of
the increased risk of adverse reaction to succinylcholine in
preambulating children, rocuronium is considered by some
to be the NMB drug of choice for RSI in children ,2 years
of age (refer to Volume 2, Chapter 6 for additional infor-
mation on NMB drugs).

Oxygen Administration Techniques
Self-inflating BVM systems do not require an oxygen source to
provide positive pressure ventilation. These should be well
secured to a 100% oxygen source during resuscitation to
avoid dislodgement and accidental administration of a low
fraction of inspired oxygen (FiO2). Infant and pediatric size
bags help to promote ventilation at appropriate tidal volumes.

Flow-dependent BVM devices (e.g., modified Jackson–
Rees system or Mapleson system) require an external oxygen
source in order to fill the bag and allow for positive pressure
ventilation. These devices allow for better assessment of lung
compliance and more precise control of pressures and
volumes especially when ventilating smaller children. Pedi-
atric-sized facemasks will provide the best-fit and oxygen
delivery in spontaneously ventilating children. If only an
adult facemask is available, the upside-down position
allows for slightly better fit and less risk of eye trauma from
sharp edges of the mask.

Oxygen and Carbon Dioxide Monitoring
Delivered oxygen concentration should be monitored as
close to the patient as possible, preferably at the “Y” connec-
tor attached directly to the ETT in an intubated patient. This
serves to confirm delivery of 100% oxygen during resuscita-
tion and provide alarm notification of low inspired oxygen.

Continuous PETCO2 monitoring allows confirmation
of successful endotracheal intubation and early recognition
of inadvertent extubation. The PETCO2 monitoring also
provides a rough assessment of pulmonary blood flow and
early recognition of changes in ventilation. Continuous
PETCO2 monitoring is particularly important in head-injured
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patients who may not tolerate even brief periods of hyper-
carbia while awaiting neurosurgical intervention.

Breathing: Oxygenation and Ventilation
Once patency of the airway has been established, adequacy
of oxygenation and ventilation must be assessed. This
should proceed as in adult patients and includes inspection
of the chest for signs of pneumothorax, flail chest, or direct
penetration of chest wall. Equal breath sounds in the
axillae should be confirmed with the caveat that breath
sounds are easily transmitted throughout the relatively
small chest of young children; this potentially decreases
the sensitivity of auscultation for unequal breath sounds.
Observation of symmetrical chest movements, performance
of percussion, and review of chest radiographs provide sup-
plemental information for confirming adequacy of venti-
lation.

Injured children frequently swallow large amounts of
air during crying resulting in gastric distention (Fig. 2),
which can ultimately impair respiratory efforts. In addition,
gastric distention increases the risk of emesis and conse-
quently aspiration. Placement of an orogastric tube for
evacuation of gastric air can improve ventilation and
pulmonary compliance. The location of the decompression
gastric tube should be verified as adequate (positioned in
the stomach) by radiography.

Normal respiratory rates vary by age of the child
(Table 8). Tachypnea (despite adequate pain relief), stridor,
nasal flaring, subcostal retractions, grunting, and the use of
accessory muscles of respiration are all important indicators
of respiratory distress. Pulse oximetry can confirm adequate
oxygenation and PETCO2 reflects adequacy of ventilation in
the steady state. However, an arterial blood gas (ABG) analy-
sis is necessary in unstable patients to establish the absolute
adequacy of oxygenation (A-a gradient) and ventilation.
In cases involving likely exposure to carbon monoxide,
carboxyhemoglobin levels should be measured in the ABG
using co-oximetry (Volume 1, Chapter 34).

Certain types of injuries impact on the breathing assess-
ment. Maxillofacial injuries and direct injuries to the chest or
neck may significantly impair spontaneous respiration or
airway patency (64). Head injuries with deteriorating
mental status or initial GCS of�8 also indicate likely inability
to protect the airway. These type of injuries generally require
more aggressive and earlier airway intervention (Table 3).

Circulation with Hemorrhage Control
As with the respiratory rate, normal values for a child’s
blood pressure and heart rate vary by age (Table 8). As a
“rule of thumb,” the normal systolic blood pressure is
80 mmHg plus twice the child’s age (in years). For new-
borns, normal mean arterial blood pressure (MAP) is equal
to their gestational age, (e.g., normal MAP is 40 mmHg for
term infants). The total circulating blood volume varies by
the child’s size and can be estimated at 80 cm3/kg.

Hypotension is a late sign of hemorrhage, as
children have a remarkable ability to maintain normal

blood pressure despite significant blood loss. The hemo-
dynamic response to hemorrhage involves a combination of
peripheral vasoconstriction and tachycardia such that
“normal” blood pressure is generally maintained in children
until as much as 35% of their blood volume is lost. Clinicians
cannot rely upon a normal blood pressure as a sign of
adequate volume status in acutely injured children. To do
so may result in the failure to detect significant blood loss
and grave consequences for the child. Findings suggestive
of significant hemorrhage in a child include decreased
mental status, irritability, tachycardia, tachypnea, and
delayed capillary refill. Unfortunately, many of these find-
ings are also present in the pediatric trauma patient with
pain, fear, and anxiety, as well as those exposed to a cold
environment.

Figure 2 Babygram demonstrating gastric distention in a

child having swallowed large amounts of air from crying.

Gastric distention can progress to the degree that it impairs

diaphragmatic excursion and jeopardizes the child’s

ability to adequately ventilate.

Table 8 Age-Based Vital Signs

Age Weight (kg)

SBP

(mmHg)

Heart rate

(beats/min)

Respiratory

rate

(breaths/min)

Newborn 3 50–80 120–160 30–60

1 month 4 65–95 110–170 30–60

6 months 8 70–105 90–140 25–40

12 months 10 70–100 90–130 20–35

2 years 12 80–110 90–125 20–30

3 years 14 80–115 80–125 20–30

4 years 16 80–115 75–120 20–30

6 years 20 90–115 60–110 12–20

10 years 32 90–120 60–90 12–16

SBP, systolic blood pressure.
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Children with significant traumatic injuries require a
minimum of two IV lines. Although venous cannulation
can be achieved within two attempts in 90% of younger chil-
dren (65), gaining vascular access following trauma is more
difficult. Delay in obtaining venous access is potentially
detrimental to the child. When conventional IV access
proves difficult, alternative options are employed, including
intra-osseous line, central venous line, or peripheral venous
cut down.

Intraosseous puncture is the rescue option of
choice for critically injured children in whom conventional

vascular access cannot be quickly established. All
clinicians who provide care to pediatric trauma patients
should be familiar with and able to perform this procedure.
The needle is most commonly placed in the flat, anterior
portion of the proximal tibia 1 to 2 cm below the tibial tuber-
osity (Fig. 3), but may also be placed in the distal femur
or distal tibia. The presence of a fracture or puncture
from a previous interosseous line attempt eliminates that
bone from further attempts due to the risk of extravasation
of fluid from the injury site. All resuscitation fluids and
medications can be safely administered via this route.
Complications of intraosseous line placement include com-
partment syndrome, damage to the growth plate, cellulitis,
and (rarely) osteomyelitis. Venous cut down is used less
frequently now than in the past for both adults and children.

Placement of central lines above the diaphragm is
difficult in children immobilized with cervical spine
collars. Femoral venous access is a viable site in children,
despite one study demonstrating that femoral vein cannula-
tion represents the most frequent location for complications

to develop in pediatric patients when lines were placed in an
emergency room (66).

Once venous access is achieved and fluid resuscitation
started, an arterial line should be placed in severely trauma-
tized children. Unless contraindicated, a radial arterial line is
usually used, however femoral arterial lines are also accep-
table. The arterial blood pressure changes occurring with
positive pressure ventilation provide excellent indication of
the intravascular volume status (Volume 2, Chapter 3).
Additionally, serial ABG measurements allow for evaluation
of base deficit, the A-a gradient, the PETCO2–PaCO2 gradi-
ent, etc.

In a child with evidence of intravascular volume loss,
initial fluid resuscitation includes a 20 cm3/kg bolus of
warm crystalloid solution (8). Dextrose-containing fluids
are avoided in large resuscitation volumes to minimize the
risk of hyperglycemia. However, a low-rate DsW containing
fluid is initially administered to young children until initial
blood glucose measurements return to be sure hypoglycemia
is avoided. Persistent evidence of volume loss after the initial
crystalloid bolus requires a second bolus of 20 cm3/kg
of warm crystalloid solution. Continued evidence of hemo-
dynamic instability suggests significant hemorrhage and
requires transfusion of 10 cm3/kg of packed red blood
cells. A delay for type-specific or cross-matched blood in the
hypotensive child should be avoided. In instances where
type-specific blood is not available, O-negative blood is
appropriate.

Similar to adults, hypotension occurs following sig-
nificant hemorrhage from external sources, pelvic or femur
fractures, and hemorrhage into the intrathoracic or intra-
abdominal cavities. Hemorrhagic shock from bleeding into
the intracranial space, however, is unique to very young
children. Intracranial hemorrhage in newborns and
bleeding into the subgaleal space in children may result

in significant volume loss and hemorrhagic shock despite
limited external evidence of hemorrhage.

Disability
Following the application of life-sustaining management of
airway, breathing, and circulation, the next step in the
primary survey is evaluation of neurologic disability. The
disability evaluation involves a review of the central nervous
system (CNS) injury, including brain and spinal cord followed
by a survey of peripheral nervous system injury. Because
application of the GCS to preverbal children is flawed,
several pediatric versions of the GCS have been developed
(Table 9) (67). In patients requiring pharmacologic paralysis,
a brief neurologic examination including evaluation of move-
ment in all extremities is necessary prior to administering

Table 9 Pediatric Glasgow Coma Scale

Eyes open

Best verbal

response

Best motor

response

Spontaneously 4 Smiles, coos,

babbles 5

Normal spontaneous

movement 6

To speech 3 Irritable cries 4 Withdraws to touch 5

To pain 2 Cries to pain 3 Withdraws to pain 5

None 1 Moans to pain 2 Abnormal flexion 3

None 1 Abnormal

extensions 2

None 1

Figure 3 Intraosseous access. The needle is placed along the

anteromedial surface of the proximal tibia at a level

2 cm inferior to the tibial tuberosity. Source: From C. H.

Chang.
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NMB drugs. In more stable patients, a complete motor and
sensory evaluation along with DTRs is obtained.

Exposure and Environmental Protection
Brief, but complete exposure of the injured child is manda-
tory as some may not disclose information about injuries
hidden by clothed areas due to fear, limited verbal skills,
or inability to communicate (e.g., the presence of an injury
or coma). Removal of all clothing, however, places the
child at risk of hypothermia. Children have a higher body
surface area to mass ratio, thinner skin, and less muscle
mass than adults, all factors increasing a child’s risk of
hypothermia. Prevention of hypothermia is a key strat-
egy in children, and involves heating the pediatric resusci-
tation suite, placing radiant heat lamps above uncovered

children during examination and procedures of longer
duration, and administering of only warmed fluids.
Once the acute resuscitation is completed, warm blankets
or convection warmers are employed to maintain warmth.
These requirements are even more important in previously
hypothermic children and those suffering significant burns,
because removal of the protective skin surface increases
heat loss (compounding the propensity for hypothermia).

SECONDARY SURVEYçPEDIATRIC APPROACH
Physical Examination
The secondary survey is completed in a similar manner to
that used in adults (Volume 1, Chapter 14) (8). However, chil-
dren are often anxious and have limited verbal skills. They
may fail to complain about a painful injury or be unable to
do so, increasing the need for a thorough and meticulous
examination. Delayed diagnosis of traumatic injuries
occurs in 1 to 5% of admitted children and leads to increased
morbidity and mortality (68).

Laboratory Testing
Laboratory testing is required during the initial assessment
of any significantly injured child. Studies that suggest
laboratory testing provides limited useful data during the
initial management fail to account for the value of following
trends in resuscitation and do not adequately stratify for the
severity of trauma (69,70). Although application of a stan-
dard trauma laboratory panel for all pediatric trauma
patients results in some overutilization of resources, initial
blood work is essential following acute trauma. An initial
hematocrit level provides a baseline measurement, and
serial hematocrit levels can guide therapy in children with
hemorrhage. A blood type and cross-match is necessary in
all children with hypotension or other evidence of significant
blood loss. Coagulation testing is indicated in children with
a decreased mental status, bleeding, hypotension, or major
injury (71). Routine chemistry testing provides little
additional information in previously healthy children.

Radiologic Assessment
Chest and pelvic radiography are considered standard por-
tions of the secondary survey of severely injured patients.
Obtaining these imaging studies must be individualized in
the less severely injured child and specific guidelines for
utilization of these studies do exist (69,72–74). In young chil-
dren, chest and pelvic radiography can be combined on one
film, resulting in a so-called “babygram” (Fig. 2). Discussion
of relevant radiographs to rule out head injury, spine injury,

and abdominal trauma are provided below (with specific
injury discussion).

SPECIFIC PEDIATRIC TRAUMA CONSIDERATIONS
Pain Control in the Management of Injury
Multiple studies demonstrate that inadequate analgesia is
often administered to pediatric patients partly due to
limited verbal skills in small children (75–77). Difficulty in
assessing pain in children and physician’s unfamiliarity
with pediatric analgesic drug dosing contribute to this
problem. Tools, such as the Douhit Faces Scale (Volume 2,
Chapter 5), can assist clinicians with pain management
(78,79). Essentially, any opioid can be used to analgese
young children with painful injuries. Typical opioid doses
include morphine 0.1 mg/kg every 10 to 15 minutes as
needed or fentanyl 1 mg/kg every five minutes as needed,
holding for hypotension or decreased respiratory rate. Rec-
ommended dosages and intervals of IV medications for chil-
dren with painful injuries are provided in Table 10.

Sedation for Injury Diagnosis or Treatment
Injured children often require anesthesia or sedation for

diagnostic imaging, whereas adults generally require this

for the performance of painful procedures. A safely
employed anesthetic technique is based upon the area of
injury, general condition of the patient, and procedure
contemplated. Propofol infusions are frequently utilized
for children requiring sedation during cranial computed
tomography (CT) scan, however, midazolam, pentobarbital,
and methohexital have also been successfully used (Table 10)
(80–82). The airway may need to be protected with an ETT
in these patients (all assumed to have a full stomach). As
with adults, vigilance, experience, and the presence of
appropriate resuscitation equipment are required for safe
sedation or anesthesia in children.

Parents frequently request to be present for invasive
procedures, however, this desire declines as the procedure
becomes more invasive (83). The decision to allow parental
presence should only be based upon the perceived benefit
to the patient. Although it is often difficult to involve the
parent during the child’s initial evaluation and resuscitation,
every effort should be made to obtain a medical history and
the events of the injury from the parent as soon as possible
(Volume 2, Chapter 64). Once contact is made with the
parent, they should remain well informed and involved
with the child’s care. Both children and family members
may be at risk for post-traumatic stress disorder, and
efforts should be made to minimize this complication
(Volume 2, Chapter 65).

Risks of Diagnostic Evaluation
The CT scanning, especially of the head and abdomen, has
revolutionized diagnosis in injured children. However, chil-
dren are more susceptible than adults to radiation-induced
malignancy (84–86). Additional risks of CT scanning in chil-
dren include: the need for sedation, complications related to
IV contrast, and the need to transport the child from the
resuscitation bay to the radiology department. Despite
these risks, all children with indications for CT scanning
should expeditiously undergo this diagnostic imaging
modality so that no delay in diagnosis occurs.
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Abuse
Intentional injury inflicted upon children (i.e., abuse)

continues to be a frequent cause of pediatric trauma.
Suspicion of child abuse during the evaluation may help
to direct the initial assessment. The history obtained from a
caregiver may be false, and unexpected injuries must be
sought out with careful physical examination and diagnostic
tests as appropriate. Several injury patterns and findings are
classically associated with abuse. In the case of infant head
injury, ophthalmologic investigation for retinal hemorrhages
may point toward abuse. Metaphyseal fractures, scapular
fractures, and long-bone fractures in children less than two
years of age are highly suggestive of abuse. Spiral fractures
(resulting from a twisting mechanism) in children younger

than two years is highly suggestive of abuse. The presence
of multiple healing fractures of various ages or a rib fracture
in an infant is also unusual, and likely represents abuse
(Fig. 4) (87). Radiographic skeletal surveys are indicated
when an elevated concern of abuse exists. Unfortunately,
10 to 20% of children sustaining burn injuries are victims
of abuse (Volume 1, Chapter 34). Forced submersion into
scalding water produces a classic finding of circumferential
burns involving the genitals and feet but sparing the knees
as the child holds the knees in flexion while being forced
into the scalding water. Splash marks are frequently
absent in these submersion-type burns. Circular burns of
the diameter of a cigarette in multiple locations also
warrant an investigation for such a mechanism.

Figure 4 Acute and chronic rib fractures on computed tomographic scan of an abused child. (A) Old rib fracture (arrow) with

callous formation. (B) Multiple acute rib fractures (white arrows) and pulmonary contusion (black arrow). The presence of rib fractures

in an infant is highly suggestive of abuse, especially when the rib fractures are of varying ages.

Table 10 Analgesia and Sedation Options for Pediatric Patients Requiring Diagnostic and Therapeutic Procedures, Based upon

Procedure Duration and Pain Severity

Procedure duration Nonpainful (example)

Moderately painful

(example) Very painful (example)

Short (�15 min) CT scana Lumbar puncture Fracture reductionb

Propofol infusion

50–100 mg/kg/min

Propofol infusion

50–150 mg/kg/min

Propofol infusion

50–150 mg/kg/min

þPropofol 1 mg/kg

bolus prior to LP

þFentanyl 1–3 mg/kg

bolus during manipulation

Intermediate

(16–59 min)

MRI scana Diagnostic peritoneal

lavageb
Fasciotomies, dressing

changesb

Propofol infusion

50–100 mg/kg/min

Propofol infusion

50–150 mg/kg/min

Propofol infusion

50–150 mg/kg/min

þFentanyl 1 mg/kg

bolus every 5–15 min

as needed

þFentanyl 1–3 mg/kg bolus

during fasciotomies

Long (�60 min) Multiple imaging

studiesa
Bone marrow harvestb Debridement of burnsb

Propofol infusion

50–100 mg/kg/min

Propofol infusion

50–150 mg/kg/min

Ketamine infusion

25–100 mg/kg/minc

þFentanyl 1–2 mg/kg

bolus every 5–15 min

as needed

þMidazolam 0.1 mg/kg/hr

þFentanyl 1–3 mg/kg bolus

every 5–15 min as needed

aIf CT scan of head, with possibility of elevated ICP, ventilation should be controlled.
bPatients with conditions involving significant postprocedure pain should have some opioid (e.g., fentanyl or morphine analgesia) during the procedure.
cKetamine is associated with hallucinations and requires coadministration of benzodiazepines (e.g., midazolam).

Abbreviations: CT, computed tomography; ICP, intracranial pressure; MRI, magnetic resonance imaging.
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The finding of intra-abdominal injuries should trigger
suspicion of abuse when unexpected abdominal tenderness
is noted in a child without a history of traumatic injury.
Measuring hepatic transaminase concentrations is rec-
ommended in the evaluation of abused children as occult
liver injuries are not uncommon (88). Injuries that are report-
edly “acute” but have ALT levels greater than AST levels are
likely over 12 hours old and should be explored for the
possibility of abuse (88).

Suspicious perineal injuries may necessitate evalu-
ation for sexual abuse. Early involvement of a social
worker and physician child abuse specialist can help the
child’s caregivers to understand the process of investigating
nonaccidental causes of injury. Regional child-protective
services should be notified, but also queried as to whether
there have been prior reports of suspected abuse in the
family.

SPECIFIC INJURIES IN PEDIATRICS
Intracranial Injuries
Epidemiology and General Considerations
Traumatic brain injury (TBI) is the leading cause of
morbidity and mortality due to injury in children (1). The
spectrum of injuries identified in children differs from
those seen in adults. This finding is due in part to anatom-
ical differences as well as differences in the mechanisms of
injury. Children have larger head-to-body ratios than adults
do, which places the head at increased risk of injury. The
child’s brain has less myelin and more water, but is less pro-
tected by cerebro spinal fluid (CSF) as compared to adults.
These differences result in children being less likely to
develop space-occupying blood collections, but more
likely to have diffuse injuries and cerebral edema which
are less often amenable to surgical evacuation (Volume 2,
Chapter 15).

Global predictors of outcome following TBI in children
are the same as in adults, including initial GCS score, type of
injury and the associated occurrence of hypotension,
hypoxia, coagulopathy, hyperglycemia, and post-traumatic
seizure (89–91). However, for the same degree of TBI or
associated factors, children have better outcomes (89–91).
Emergency department and intensive care unit (ICU)
therapy is aimed at preventing the complications of hypo-
tension and hypoxia while promoting early diagnosis and
treatment (90,91).

Evaluation
Difficulties exist in the evaluation of children with blunt
head injury. Those younger than two years of age are the
most difficult to evaluate. The initial evaluation of the
child with blunt head trauma involves the “pediatric” GCS
score. The “pediatric” GCS has modified verbal and motor
components (Table 9).

Several studies have documented the occurrence of
TBI in very young children without obvious indications of
such injuries being present on the neurological examination
alone (92,93). However, these “occult” intracranial injuries
usually occur with signs of significant skull trauma, includ-
ing the presence of a scalp hematoma (Fig. 5). Skull radio-
graphs reliably demonstrate skull fractures but are unable
to provide any information as to the presence or types of
injuries inside the cranium. Skull radiographs are now
limited to those children ,1 year of age who have a scalp

hematoma and are otherwise without signs or symptoms
of head injury (92,93). Children who are found to have
skull fractures on plain radiographs (regardless of symp-
toms) then require cranial CT imaging, whereas those
asymptomatic children with normal skull radiographs
may only require observation. This algorithm limits the
radiation dose to children not requiring a formal head CT,
although this is a changing field, with preliminary skull
radiographs utilized mainly at centers without CT scanning
facilities.

Head CT scan is the imaging modality of choice for the
evaluation of children with blunt head trauma. Indications
for cranial CT scanning include depressed mental status,
history of a loss of consciousness, posttraumatic amnesia,
vomiting, headache, posttraumatic seizure, an abnormal
neurologic examination, and those less than two years of
age with scalp hematomas (94). Skull radiographs (screening
study for head CT) are not needed if indications for a head
CT exist based upon other parameters.

Cervicocephalic arterial dissection may be precipi-
tated by trauma to the neck. Vertebral arterial injury
should be suspected in the presence of headache with neck
pain, progressive focal neurologic findings, and when
injury to the cervical vertebral foramen are visualized on
the CT scan of the neck. When suspected, documentation
may be provided (or ruled out) by magnetic resonance
angiography or conventional angiography (95–98).

CommonTypes of Traumatic Brain Injury in Children
Subdural hematomas are less common in children but do
occur, especially in those less than one year old, and these
are often the result of abuse. Epidural hematomas are
usually associated with fractures of the skull and tearing
of branches of the middle or posterior meningeal arteries.
Children, however, are more likely to have cerebral
edema, diffuse axonal injury and skill fractures. Although
nondepressed skull fractures do not require specific
therapy, long-term observation is necessary as they may
result in a leptomeningeal cyst formation years after the

Figure 5 Temporal bone skull fracture in a young child.

Skull fractures are more common in children than in adults.
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initial injury. Leptomeningeal cysts occur as the skull con-
tinues to grow and the dural tear increases (Volume 2,
Chapter 15).

The “Shaken baby syndrome” refers to the spectrum of
injuries resulting from the forceful shaking of the child and
includes cerebral contusions, intracerebral hemorrhages,
and parafalcine subdural hematomas (99). Retinal hemor-
rhages are consistent with this mechanism; frequently,
other external signs of head trauma are absent.

Initial Management of Traumatic Brain Injury
Children develop a cerebral hyperemia following TBI mani-
fested by dilatation of the cerebral vasculature and increased
CBF. This increased blood flow can elevate ICP and increase
the risk of death from TBI. Brain edema has its greatest
effects in the initial 24 hours from injury in children and con-
tributes significantly to morbidity and mortality (100). As in
adults, goals are to control ICP while avoiding hypotension
and hypoxia.

Hospital admission for observation and possible
therapy is required for the injured child with persistent
vomiting, or a depressed level of consciousness despite a
normal head CT scan. However, admission is not always
necessary for children with isolated minor head injury a
normal head CT scan and have a normal neurological
exam (101).

Recent studies suggest that even children with
immediate self-limiting posttraumatic seizures, occurring
prior to the emergency department (ED), do not require hos-
pitalization if they regain normal mental status and have
normal head CT scans (102,103). However, these studies
require validation before implementation. Accordingly,
most centers would observe these patients overnight.

Early and late posttraumatic seizures are most likely
to occur in children less than three years of age or with
GCS scores�8. Benzodiazepines (e.g., lorazepam or midazo-
lam 0.1 mg/kg IV/IM) are the first-line therapy for the treat-
ment of children with active seizures after blunt head
trauma. Phenytoin may be used prophylactically for preven-
tion of seizures in the first week after severe TBI, although
there is currently no evidence in children that this practice
improves outcome (phenytoin or fosphenytoin, loading
dose 15 to 20 mg/kg slow IV infusion).

Intracranial Pressure Monitoring and Management
Monitoring of ICP is essential in the child with TBI who
cannot be awakened to be assessed clinically. A Caminow

monitor can be placed at the bedside and provides continuous
ICP monitoring via fiber-optic cable (Volume 2, Chapter 7).
However, no fluid can be drained using standard Camino
monitors. In cases where accumulation of excess CSF is a
concern, an intraventricular drain (ventriculostomy) may be
needed. This is also true for infants with an open fontanel as
they are still subject to intracranial hypertension (ICH) (91).
The target cerebral perfusion pressure (CPP ¼MAP 2 ICP)
is different than in adults. The generally accepted CPP goal
is 40 to 50 mmHg for infants and toddlers, and 50 to
60 mmHg for older children while the target goal in adults
is 60 to 70 mmHg (104). Maintaining absolute ICP below
20 mmHg also appears to improve outcome in severe TBI in
both adults and children (91).

Prevention of elevated ICP in children requires a
multimodal approach. Head position should be midline
and head of bed elevated 308 to maximize venous drainage.
Central venous catheters in the internal jugular (IJ) veins are

avoided to minimize the possibility of disrupting IJ flow
from the brain. Minimum effective airway pressures and
minimal PEEP should be used to ventilate the patient.
Pneumothoraces or hemothoraces should be promptly
treated to avoid elevated intrathoracic pressures, which
serve to increase ICP.

Ventricular drainage, when present, can be used to
evacuate CSF. Mannitol is used less frequently in children
than in adults. Mannitol 0.5 to 1 g/kg may be used acutely
to increase serum osmolality and decrease ICP. Mannitol
also acts as a free radical scavenger with theoretical benefits
to injured brain.

Hypertonic (3%) saline may be used acutely to
increase serum osmolality and decrease ICP, and this effect
has been demonstrated in both adults and children
(91,105,106). Care should be taken to raise or lower sodium
gradually to minimize the risk of extrapontine and central
pontine myelinolysis (107,108).

General fluid management guidelines are directed to
maintain normovolemia and avoid hyponatremia. Isotonic
saline is used to replace estimated insensible losses;
glucose and insulin are added to fluids as needed to main-
tain normal serum glucose, and volume status is frequently
assessed. Syndrome of inappropriate antidiuretic hormone
secretion or cerebral salt wasting may occur (Volume 2,
Chapters 12, 14, and 15); serum sodium and osmolality
should be closely monitored, with a goal 300 to 310;
osmolality .330 is associated with renal injury (91).

Hypercapnia and hypoxia both cause increased CBF
and thus increased ICP. In the child with TBI, PaCO2

should ideally be maintained in the normal range. Hyper-
ventilation should be reserved for the temporary treatment
of acute herniation or ICH refractory to other medical man-
agement. Hyperventilation should not be used for long
periods of time as prolonged hypocapnia may decrease
oxygen delivery and worsen brain injury (91,109).

Barbiturate coma may be required for malignant ICH
recalcitrant to above therapy. This is achieved with pento-
barbital loading 5 mg/kg/dose or until burst suppression
is achieved on EEG. Pentobarbital infusion may then be
run to maintain burst suppression with continuous EEG
monitoring (91). Barbiturate therapy is also used for refrac-
tory seizure activity. Inotropic support may be required to
maintain blood pressure and CPP during high-dose barbitu-
rate therapy.

Hyperthermia is to be avoided, as the associated
increased CMRO2 and ICP are demonstrated contributors
to secondary brain injury (91,104). In contrast, hypothermia
decreases cerebral metabolic rate, excitotoxicity, oxidative
stress, and inflammation as demonstrated in animal
studies (110). Randomized, controlled trials in adults
cooled to 32 to 338C have provided conflicting results,
although active warming of already hypothermic patients
does appear to be detrimental (111–113). Hypothermia
may also be effective in lowering refractory ICH, although
the effect on the outcome has not been studied (113,114).
Pediatric multicenter trials of therapeutic hypothermia
are ongoing.

Craniotomy
Craniotomy is less often required in pediatric TBI than in
adults. However, when required, it is usually performed to
evacuate subdural and epidural hematomas causing signifi-
cant midline shift or impingement of vital structures.
Occasionally, a decompressive craniotomy may be necessary
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to relieve ICH leading to herniation (or impending hernia-
tion), in patients with ICH that is recalcitrant to maximal
medical management. In the comatose child, ICP monitoring
in conjunction with brain CT scan findings and vital sign
trends dictate the neurosurgical decision for operative man-
agement (115). Postoperative care continues in the ICU with
attention on maintaining CPP, and providing basic nutritional
and supportive care. Refer to Volume 2, Chapter 15 for a more
complete review of surgical and nonoperative options.

Facial Injury
Epidemiology
The frequency of maxillofacial injuries in the pediatric popu-
lation has a broad reported range in the literature from 1% to
15% of all facial fractures in children and adults combined
(116–120). The incidence of facial fractures increases with
increase in age; this is thought to be, in part, due to
behavioral changes and completion of sinus development
(120–122). Midface fractures in children are particularly
concerning as 50 to 70% will have associated injuries to the
skull base, cervical spine, chest, and abdomen (123). Rapid
healing and potential for asymmetric growth after facial
fracture repair in children are important factors in surgical
management decisions (121). Dentoalveolar injury is more
common in children, which is discussed in detail below
(120,122,124–126).

Evaluation
Airway patency can be directly affected by facial trauma and
is assessed as part of the primary survey (63). Beginning
with the oropharynx, all blood and debris must be
removed and ongoing oropharyngeal or nasopharyngeal
bleeding evaluated. Life-threatening hemorrhage can occur
due to facial fractures, and during early evaluation suspicion
of occult bleeding is crucial, as large volumes of blood can be
swallowed before any emesis occurs. As in adults, temporo-
mandibular joint (TMJ) function and dental occlusion are
assessed, bony structures are palpated, and ophthalmologic
evaluation is performed as indicated. Radiographic imaging
is directed by initial findings, and CT scans can provide
detailed anatomic information for diagnosis and surgical
planning.

Management of Dentoalveolar Injuries
Dental avulsions and alveolar bone fractures should ideally
be treated within one hour from the time of injury; compli-
cated crown fractures should be managed within several
hours of injury (127–131). Fragments of damaged teeth
should be saved, as they can be bonded with resin to be
used in later dental repair.

Avulsed permanent teeth should immediately be
rinsed and replanted in intubated patients. Loose teeth are
an aspiration risk in nonintubated patients who may go
without replantation until specific therapy is guided by a
pediatric dentist. If immediate replanting is not possible,
the tooth may be stored in cold milk, preservative-free
physiologic saline (NOT contact lens solution), or saliva in
descending order of preference (127–129,132,133).

Cervical Spine Injuries
Epidemiology
Injuries to the bony vertebral column and spinal cord are less
common in children. Motor vehicle collisions are the most
common mechanism of injury but spinal cord injury also
occurs after falls or sports-related events. Location and

prevalence of injury are dependent on the age of the child
as these injuries are rare in children ,8 years of age.

Owing to the disproportionately larger head, the
greater laxity of the cervical spine ligaments, and horizontal
orientation of the cervical spine facets in children, injuries
in this age group are most likely to occur in the upper

three cervical vertebrae. In those children over eight
years of age, fracture patterns mimic those found in adults
with the lower cervical vertebrae being at highest risk.
Thoracic and lumbar spine injuries are also rare in chil-
dren (134).

The child’s proportionately large occiput prevents the
pediatric cervical spine from neutral alignment (135). Over
60% of children will be more than 58 from neutral on a flat
board (28). Specialized backboards are now developed to
maintain cervical spine neutrality for children with potential
cervical spine injuries.

Evaluation of Cervical Spine Injury
The spinal and neurologic examinations should proceed in a
manner similar to that in adults. Indications for radiographic
imaging of the spine including vertebral tenderness, altered
mental status, distracting injury, intoxication with ethanol or
drugs, and abnormal neurologic examination should be
sought at this time (136).

A complete radiographic cervical spine series (open-
mouth odontoid, anterior–posterior, and cross-table lateral)
is difficult to obtain in the typically uncooperative young
child. An alternative to the open-mouth odontoid is to
obtain CT images of the region (137). The scout film on the
CT can be quickly surveyed to look for obvious gross
deformities. Flexion-extension radiographs are not generally
considered to be useful in children (138).

Normal variants in the cervical spine in children are
common and ossification centers frequently mimic fractures.
Children less than eight years of age commonly have pseudo-
subluxation of the C2–C3 or C3–C4 vertebrae (Fig. 6). This
pseudosubluxation may be up to 5 mm despite the absence
of injury and occurs in up to 46% of children younger than
eight years of age (139). In children with suspected subluxa-
tion of C2 on C3, the spinolaminar line from C1 to C3
(Swischuck’s line) should be scrutinized. If this line intersects
the spinolaminar junction of C2, then pseudosubluxation is
present and a pathologic process is not.

Owing to the ossification process, the C3 and C4 ver-
tebrae may appear wedged in children younger than two
years of age. Owing to the laxity of the transverse ligament,
the predental space can be up to 5 mm in children
(compared to 3 mm in adults). Absence of normal cervical
lordosis occurs in 14% of children and is most common
in those age 8 to 16 years (139). The tip of the dens does
not fuse with the body of the axis until 12 years of age; unfor-
tunately this ossification center frequently mimics a fracture.

Injury Patterns in Children
Rotatory subluxation is a unique injury occurring at the
C1–C2 level in children. The injury occurs secondary to
the increased laxity of the upper cervical spine ligaments.
The presence of asymmetry of the atlanto-axial interspace
is suggestive of such injury and may be confirmed by CT
scanning. Management involves closed reduction with
immobilization (140).

Spinal cord concussion characterized by a brief period
of paralysis followed by resolution of neurologic function is
thought to occur primarily in adolescent athletes (141).
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Spinal cord injury without radiographic abnormality
(SCIWORA) is defined as a neurologic injury without
abnormalities identified on radiographic imaging
(142,143). The prevalence of SCIWORA is controversial as
0% to 67% of pediatric spinal cord injuries are thought to
be this entity. The SCIWORA was described prior to the
introduction of magnetic resonance imaging (MRI) and
most children diagnosed with SCIWORA are now found
to have identifiable injuries on MRI scan (144,145). Children
younger than eight years of age are at greater risk for
SCIWORA. Clinical findings include transient paresthesias,
Lhermitte’s sign (electrical sensation extending down the
spine on neck flexion), or muscular weakness. Delayed
neurologic symptoms may develop in 25% of these cases.
Specific therapy beyond close observation is not routinely
required (146).

Thoraco-Lumbar Injuries
Epidemiology
Thoracic injuries occur in 5% of injured children who are
hospitalized (147). In isolation, thoracic injuries rarely
result in mortality; however, they contribute significantly
to the mortality of the child with extrathoracic injuries.

Pulmonary contusions are commonly associated, whereas
rib fractures tend to be found less frequently than in
adults (147,148). Motor vehicle collisions are the most
common mechanism of injury resulting in thoracic injuries
in pediatrics.

The pediatric thorax is more compliant than in adult
patients. The pediatric rib is thinner and less calcified result-
ing in more flexibility. Energy from the traumatic event is
thus transferred through the rib and into the thoracic
cavity. Accordingly, significant injuries may occur to the
lungs or mediastinal structures without rib fractures (149).

Evaluation
The physical examination of the child’s chest proceeds in a
similar manner as that in the injured adult. Many consider
the examination of the chest to be unreliable in children as
injuries may be present despite minimal findings on physical
examination. Although respiratory rates vary by age
(Table 8), oxygen saturation levels do not, and the presence
of hypoxia implies significant lung injury.

Chest radiography is the initial screening examination
in children with blunt torso trauma. Indications for chest
radiography include hypotension, tachypnea, abnormal
chest auscultation, abnormal thoracic examination, or a
decreased mental status (73). In select children, CT scanning
of the chest can identify injuries not well characterized by
plain radiography.

Chance fractures are horizontal fractures through the
lower thoracic or lumbar vertebrae occurring with the use
of lap belts. This injury occurs following flexion of the
child’s upper torso over the lap belt. Although believed
most common in younger children who are inappropriately
placed in lap belt restraints instead of car seats, the
injury may occur into adolescence. This injury may be
present in 21% of children with lap belt ecchymoses and is
also associated with gastrointestinal (GI) injuries (150).

Specific Injuries and Management
Rib fractures in the pediatric population suggest a significant
traumatic force and result in increased morbidity and
mortality as compared to adults (151). Special consideration
is in infants with rib fracture(s). Over 80% of infants with rib
fractures are victims of abuse (151).

Pneumothoraces and hemothoraces are less common
in children as compared to adults. The size of the chest
tube must be adjusted for the size of the child, and a slight
increase in the chances of blood clotting in the chest tube
exists as the chest tube diameter decreases. Up to 62% of
pneumothoraces identified in children will only be visual-
ized on abdominal/chest CT scan (152). These “occult”
pneumothoraces may be managed conservatively, but the
clinician must be prepared to rapidly treat these injuries if
they worsen. Treatment of small, subclinical pneumo-
thoraces with high flow oxygen may speed the resolution
of such injury.

Pulmonary contusions are the most common thoracic
injury in children and may result in significant hypoxemia.
Difficulty exists in diagnosing these injuries, as pulmonary
infiltrates on chest radiograph also occur with aspiration, a
common problem in injured children. Some pulmonary
contusions require a short period of mechanical ventilation
and observation for progression of disease. Complications
include pneumonia and respiratory distress syndrome (153).

A high association of intra-abdominal injuries exists in
those children with pulmonary contusions in the lower lung

Figure 6 Pseudosubluxation of C2 on C3 as demonstrated

by the black line drawn through the posterior longitudinal

line. This common variant may be present in 46% of children

under 8 years of age.
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fields. Blunt aortic injuries are rare in children, with the
prevalence of injury increasing as the age of the child increases.
Chest radiographic findings are similar to those in adults:
apical cap, aortic obscuration, and mediastinal widening.
Acceptable diagnostic screening for aortic injuries includes
chest CT scanning and transesophageal echocardiography
(154,155).

Cardiac injuries are also rare in children. Cardiac con-
tusions may result in dysrhythmias, but complications from
such injuries are rare. Commotio cordis is a Latin word for
“concussion of the heart” most commonly reported in
the pediatric population. It is generally described as a life-
threatening cardiac dysrhythmia, the result of blunt chest
trauma in the absence of underlying cardiac disease or
morphologic cardiac injury (156–159). According to the com-
motio cordis registry in the United States, most events occur
in males participating in sports activities such as baseball, soft-
ball, hockey, and football (158). Early cardiopulmonary resus-
citation and defibrillation was associated with increased
survival although the overall survival rate was only 16%
(158). The underlying mechanism of commotio cordis is
unknown but animal studies have demonstrated that an
impulse-like impact at an electrically vulnerable segment of
the cardiac cycle can result in dysrhythmias (160–162). Ventri-
cular dysrhythmias have been documented within minutes of
injury and extended monitoring in survivors has demon-
strated continued ventricular ectopy and atrio-ventricular
(AV) conduction abnormalities hours after the event
(157,158,163,164). Continuous ECG monitoring should be
employed for at least the first 24 hours postinjury, electrolytes
should be normalized, and evaluation by a cardiologist
should rule out any underlying cardiac abnormalities.

Abdominal Injuries
Epidemiology
Intra-abdominal injuries occur in 8% of the total pediatric
admissions following trauma, with 86% of these injuries
resulting from a blunt mechanism (165). Although injuries
to the head and chest result in the most fatalities, missed
intra-abdominal injuries are the most common cause of
preventable morbidity (166). Motor vehicle accidents are
the most common cause of pediatric abdominal trauma,
both as an occupant as well as being struck as a pedestrian.
Children also suffer abdominal trauma from mechanisms
not commonly affecting adults (e.g., handlebar injuries to
the abdomen, child abuse), and there is a higher incidence
of seatbelt-related trauma (167–169).

History and Physical Examination
Obtaining historical components of the intra-abdominal
injury is difficult in the very young, thus parents and
prehospital care providers become important sources of
information. Physical examination of the abdomen is also
difficult and unreliable in the very young. Crying with
abdominal palpation may be due to abdominal tenderness
or fear of the surroundings. The presence of abdominal
ecchymoses or tenderness on palpation raises the suspicion
for potential intra-abdominal injury. Abdominal disten-
tion should first be considered as sign of intra-abdominal

injury, but can also occur secondary to gastric distention
from air swallowing. Significant gastric distention from
air swallowing can impair ventilation, increase the risk of
aspiration, and should be promptly treated by gastric
decompression (Fig. 2). Furthermore, only three-fourths of
alert children with intra-abdominal injuries will admit to

abdominal tenderness (Fig. 7) (74). The costal margin pro-
tects a smaller portion of the spleen and liver in children
than in adults, thus these organs are at increased risk for
injury. Although hypotension is a late finding in children
with intra-abdominal hemorrhage, urgent abdominal
evaluation is warranted in these patients.

Laboratory Evaluation
The use of laboratory testing to aid in the identification of
children with intra-abdominal injuries is controversial
(70,149,170,171). The initial measurement of the hemoglobin
level is a necessity in all children with intra-abdominal
injuries, and an initial hematocrit level ,30% is associated
with the presence of intra-abdominal injury (74,172).
Elevations of serum hepatic transaminases are associated
with the presence of liver injury in children. Specific
thresholds to generate abdominal imaging for these labora-
tory tests are ALT levels .100 U/L or AST levels .200 U/
L (74,149). Amylase measurement is of limited utility
during the initial emergency department evaluation but
elevations 24 to 48 hours after the traumatic event are associ-
ated with pancreatic injury (149,173,174). Microscopic hema-
turia is considered as an indication for diagnostic evaluation
of the abdomen, and the urinary system in particular.
However, the degree of hematuria requiring a screening
abdominal CT scan is controversial. Five red blood cells
per high-powered field (rbc/hpf) is the most conservative
recommendation, although many trauma centers require a
level more than 50 rbc/hpf before obtaining abdominal CT
scanning (171,175–178).

Diagnostic Methods for Abdominal Evaluation
An abdominal injury scoring system has been developed
that summarizes the mechanism of injury, trauma score,
abdominal examination, presence or absence of pelvic frac-
ture, gross hematuria, chest trauma, and anemia as variables
for determining the need for abdominal CT. However, due to
its complexity this scoring system has not gained favor (172).
Children with hemodynamic instability, abdominal tender-
ness, or elevated levels of AST or ALT are at such significant
risk for intra-abdominal injury that abdominal imaging is
clearly warranted in children with any of these findings
(74,178).

Several diagnostic modalities are available for the
abdominal evaluation of the injured child. Abdominal

ultrasonography (FAST exam) has gained popularity in the
adult population but is less satisfactory in evaluating
injured children (179). Ultrasonography fails to detect
nearly half of children with intra-abdominal injury
and usually does not identify the specific injured organ
(180–182). Ultrasound is best used in children with trau-
matic hypotension to rapidly establish the presence or
absence of significant hemoperitoneum as the source of the
hypotension (183).

Diagnostic peritoneal lavage is a highly sensitive
method for abdominal evaluation in children; however, it
requires intubation and sedation. To minimize potential
complications, an open technique is recommended in
children. Ten milliliters per kilogram of lactated ringers
(up to 1000 mL) is infused into the peritoneal cavity.
Interpretation of the lavage fluid results is similar to that
in adults. With the decrease in operative management of
children with intra-abdominal injuries and the introduction
of abdominal ultrasonography, diagnostic peritoneal lavage
has lost favor as a diagnostic method in children (184).
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Diagnostic laparoscopy is increasingly used as a minimally
invasive technique for diagnosing and treating children
with intra-abdominal injuries (185).

Abdominal CT scanning is the diagnostic test of choice
to evaluate injured children following blunt abdominal
trauma (172). The information garnered from the CT scan
justifies the radiation exposure in all but the lowest risk
patients (86,186). Abdominal CT scanning aids the manage-
ment of children with intra-abdominal injuries as it
decreases the need for operative therapy and determines
the appropriate level of in-patient monitoring (187,188).
Extravasation of vascular contrast implies active bleeding
from the site of injury, and children with this finding are at
increased risk for failing nonoperative therapy (189,190),
because use of oral contrast does not aid in the detection
of intra-abdominal injuries in children, many pediatric
trauma centers no longer administer oral contrast prior to
CT scanning (191,192).

Specific Injuries and Management
The liver and spleen are the most frequently injured intra-
abdominal organs in children and adults. One of the signifi-
cant advances in trauma care in the last 20 years was the
realization that most blunt solid organ injuries in children
do not require operative management. Nonoperative man-
agement of blunt hepatic and splenic injuries is possible if
the child’s physiologic and laboratory parameters can be
closely observed in an ICU setting, banked blood is available
for rapid transfusion, and resources for emergent surgery are

available. Specific indications for operative management
vary by institution but the author’s experience indicates
that children who require .40 mL/kg of blood products
will require operative intervention.

Children have more severe renal injuries than adults
(193). However, the majority of these injuries are also
managed nonoperatively with only injuries to the pedicle,
generally requiring laparotomy. Children with renal injuries
require close follow-up once discharged, as they are at
increased risk for impairment of renal function and the
development of hypertension (194,195).

Children with injuries to the liver, spleen, or kidney
should avoid contact sports for a minimum of eight weeks.
Repeat imaging with CT scanning once discharged from
the hospital was once commonplace, although evidence
now indicates that repeat CT scanning is rarely necessary
(196,197). Follow-up imaging with abdominal ultrasono-
graphy is a suitable substitution for serial CT scans when
follow-up imaging is required, except for injuries to the
pancreas, and hollow organs. Time to CT-documented
healing of splenic injuries correlates with the grade of
injury, as grade I and II injuries healing within four
months, whereas, grade III injuries take six months, and
grade IV injuries may take up to a year (198,199).

GI tract injuries account for 15% of all intra-abdominal
injuries in children (165). Identification of these injuries is
notoriously difficult, and extreme care is required when
evaluating children with blunt abdominal trauma. As
compared to adults, children are at a higher risk for
delayed diagnosis of hollow viscus injuries (200). Delay in
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Figure 7 Pediatric blunt abdominal trauma algorithm.
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diagnosis of adult patients with GI tract injury is associated
with increased morbidity and mortality (201), but such
increases have not been demonstrated in children (202,
203). Although several studies indicate that the presence of
abdominal tenderness is present in nearly all children with
GI injuries (74, 204), findings of peritoneal irritation occur
in less than 40% and pneumoperitoneum is visible on
abdominal CT scan in less than 20% of cases of perforation
(205), thus the decision for laparotomy in a child with poss-
ible intra-abdominal injury is difficult. Isolated intraperito-
neal fluid is the most common CT finding in children with
GI injuries. The presence of this finding should alert the clin-
ician of such a possibility but only 17% of children with this
finding will be diagnosed with a GI injury (206). Newer-gen-
eration abdominal CT scanners have greater sensitivity for
this injury and thus make the diagnosis easier (192).

The seatbelt injury sign is associated with GI injury
and horizontal vertebral fracture (chance fracture) in chil-
dren restrained with a lap belt. The lap belt is inappropri-
ately positioned above the iliac crests such that during
an abrupt stop in a motor vehicle collision, the upper body
is flexed over the seatbelt. Although the presence of a “seat-
belt sign” should alert the clinician to the risk of such injury,
these injuries may occur without ecchymoses or erythema to
the abdominal wall (147, 207,208). Duodenal injuries occur
more frequently in children than adults. Again, these injuries
are likely secondary to a blow to the epigastrium, but also
occur following motor vehicle accidents. Abdominal CT
scan identifies over 75% of duodenal injuries but duodeno-
graphy is the gold standard test (209). Although duodenal
perforations require operative repair, duodenal hematomas
may be managed with observation alone.

Pancreatic injuries are rare in children. The mechan-
ism of injury provides the clinician with a high index of
suspicion as a direct blow to the epigastrium from either a
fist or bicycle handlebar are frequent mechanisms resulting
in this injury. Abdominal CT scanning provides the most
detailed anatomic information about the pancreas, but fails
to initially diagnose half the children with pancreatic
injury. Increasing serum amylase levels from 24 to 48
hours after the traumatic event are indicative of pancreatic
injury. As with most intra-abdominal injuries in children,
the majority of pancreatic injuries are managed nono-
peratively (174,210). Management of ductal injuries is
controversial although distal ductal injuries often require
distal pancreatectomy (210,211).

Abdominal compartment syndrome occurs with much
lesser frequency than in the adult population (212). Manage-
ment of this complication is similar to adults (Volume 2,
Chapter 34), as decompression will improve the affected
physiologic parameters.

Musculoskeletal Injuries
Epidemiology and Anatomical Considerations
Musculoskeletal injuries are the most common type of injuries
in children after blunt traumatic injury. Children have less
dense bone and stronger ligaments than adults, which when
coupled with the presence of growth plates, result in different
injury patterns and management schemes. Knowledge of the
nuances associated with the pediatric skeleton is imperative
for correct interpretation of skeletal radiographs.

Evaluation
A careful history and physical examination is imperative to
diagnose musculoskeletal injuries in a timely fashion. These

types of injuries are the most commonly missed injuries in
children (67,68). A detailed examination of the neurovascu-
lar status as well as the joint above and below the injury is
required. Adequate analgesia is imperative and aids in the
examination of those initially, uncooperative children.
Early immobilization of the injury minimizes pain and pre-
vents further tissue damage from movement at the fracture
site. The possibility of abuse should be considered whenever
the injuries do not match the history provided.

Specific Injuries
Torus or buckle fractures (Fig. 8) are common and make up
about 15% of all childhood fractures. These injuries occur at
the metaphysis following an axial load. Bowing fractures are
unique in the pediatric population and occur secondary to
the flexibility of the pediatric skeleton. Greenstick fractures
are incomplete fractures due to the strength of the
periosteum (Fig. 9). Twisting of the foot can result in spiral
fractures of the distal tibia (toddler’s fracture). This injury
may have no clinical findings other than distal tibia tender-
ness and the refusal of the child to walk.

The presence of growth plates (physis) makes the

spectrum of injuries as well as the radiographic evaluation
of bony injuries complicated in children. The growth
plate is the weakest portion of the bone and fractures
involving this site accounts for 15% to 20% of all childhood
fractures. The Salter–Harris classification system was
developed to describe fractures involving the growth
plates (Fig. 10). These cartilaginous growth plates appear
in plain radiography as lucent areas in the bone. However,
MRI provides visualization of the cartilaginous growth
plate itself, and is more useful in complicated situations
(213). Salter–Harris type I fractures account for 5% of these
fractures and occur through the growth plate (Fig. 11).

Figure 8 Buckle fracture of the distal radius.
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Salter–Harris type II fractures extend into the physis and
metaphysis and account for 75% of physeal fractures.
Salter–Harris type III fractures account for 10% of physeal
fractures and extend into the physis and epiphysis. Type
IV Salter–Harris fractures occur at the same frequency as
type II fractures. They extend from the metaphysis through
the physis and epiphysis. Type V fractures involve a crush
of the physis, have a high risk of growth problems, but
fortunately are exceedingly rare.

Owing to ossification centers, identification of fractures
at several sites may be difficult in young children. Ossification
centers make the elbow (Fig. 12) an especially complicated
area to evaluate with plain radiographs. One commonly
employed solution is to image the uninjured elbow and
then compare the radiographs, because ossification centers
are symmetrical in normal patients.

Basic Management
Because the pediatric skeleton is constantly growing, a frac-
ture will heal faster in children than in adults. Nonunion of a
fracture is highly unusual in children. A certain degree of
malalignment, unacceptable in a patient with closed growth
plates, is allowable in the child with open growth plates due
to the potential for remodeling. Although angulation less
than 308 in the plane of motion will generally remodel in

those with open growth plates, proper alignment remains
the goal. Pediatric femur fractures are frequently managed
with traction and spika casting, although elastic stable
intramedullary nailing may offer a better solution (214).

Peripheral Vascular Injury
Blunt trauma predominates in younger children as the cause
of peripheral vascular injuries; penetrating mechanisms are
more common later in childhood (215–217). Some pediatric
vascular injuries require management that is different than
in adults. Growing limbs may be adversely affected by
chronic diminished blood flow after a vascular injury
(217,218). Surgical repair of arterial injuries in pediatrics
may be less successful than in adults due to the smaller
size of the vessels and the intense arterial vasospasm that
can accompany such injuries (218). Any suspected vascular
injury should be investigated as soon as possible so that
timely intervention can limit morbidity. As in adults, phys-
ical examination, Doppler, and duplex sonography studies
are safe noninvasive tools to evaluate suspected vascular
injuries (219–221). When noninvasive studies are equivocal,
the use of angiography should be carefully considered due
to potential complications in pediatrics (216,219,221,222).

I II III IV V

Figure 10 Salter–Harris classification of growth plate

injuries. Source: From C. H. Chang.

Figure 9 Greenstick fracture. The fracture involves slightly

more than half of the bony cortex but does not extend through

the bone.

Figure 11 Fracture through the growth plate of the radius.

The epiphysis is displaced dorsally. Proper realignment is

necessary for optimal growth.
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Urogenital Injury
Epidemiology
Urogenital injury occurs in 10% to 20% of major trauma
patients (223). In pediatric patients, microscopic hematuria
may be the only sign of severe urogenital injury and
should raise the suspicion of concomitant liver or splenic
injury (224,225). The degree of hematuria warranting
further evaluation is controversial although, in general,
hematuria of greater than 5% to 50 rbc/hpf in a child
should be evaluated (226,227).

Evaluation of Scrotal and Urethral Injuries
Evaluation of penetrating injuries must be based upon
location of injury. As in blunt trauma, CT scan with contrast
may be used in a stable pediatric patient. If immediate
laparotomy is indicated for other reasons, a one-shot IV pye-
logram (IVP) may be obtained and bladder injuries may be
identified by cystography. Urethral injury is evaluated with
a retrograde urethrogram (RUG) prior to catheterization.

Straddle injury without penetrating mechanism is not
a common cause of urethral injury. Straddle injuries in girls
resulting in laceration or eccymosis of the hymen, vaginal
injury, or perianal lacerations deep to external sphincter in
either gender indicate blunt force penetrating trauma and
sexual abuse should be seriously considered (228,229).
Evaluation by a child abuse specialist is recommended
when there are inconsistencies between the injury and
reported mechanism.

Ultrasound with Doppler has excellent sensitivity
and specificity in evaluating scrotal injuries including

vascular injuries, hematomas and testicular dislocation,
fracture, or torsion (230,231). Urgent surgical intervention
may be needed to preserve function in cases of suspected
testicular ischemia. In cases of disruption of the blood–
testes barrier, there is a risk of infertility due to immune
response to testicular tissue, an immunologically privileged
site (232).

Blood at the urethral meatus indicates possible ure-
thral injury, is most common in males, and often is associ-
ated with severe straddle injuries and pelvic fractures.
These patients should not be catheterized until an RUG is
used to rule out urethral injury. If the patient is unable to
void spontaneously and urethral injury is suspected, a
suprapubic should be placed to decompress a grossly
distended bladder.

Evaluation of Hematuria
In children, any degree of hematuria may indicate signifi-

cant urogenital injury. Hemodynamic stability is a less
useful indicator of major urogenital injury in children and
a higher index of suspicion should be used as compared to
adults. Injuries to the renal parenchyma or renal pedicle
may result in profuse blood loss and shock. Children sub-
jected to blunt trauma are more susceptible to direct renal
injury, renal pedicle injury, and uretheral avulsion at the
uretheropelvic junction (176,193, 233).

The presence of flank hematoma, gross or microscopic
hematuria, blood at the urethral meatus, and visible external
genital injury all indicate possible significant urogenital
injury. Pelvic fractures and lower rib or lumbar spine

Figure 12 (A) Anteroposterior radiograph of injured elbow. The arrow demonstrates an area of irregularity over the lateral condyle.

This irregularity may be confused for an area of incomplete ossification in the normal growing elbow. (B) Anteroposterior radiograph of

the uninjured elbow. Obtaining comparison radiographs of the uninjured elbow provides the clinician with an aid for determining if

radiographic findings in the injured elbow are areas of fracture or areas of incomplete ossification. In this instance, the arrow

demonstrates no evidence of irregularity over the lateral condyle of the uninjured elbow. The absence of an irregularity on the

comparison view suggests that the elevated bone seen in (A) represents an actual fracture.
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fractures indicate possible upper urologic tract injuries.
These injuries occur in up to 10% to 20% of cases of multiple
system trauma (223,225,234).

Microscopic hematuria can be confirmed at the bedside
by a urine dipstick test. Gross hematuria is readily apparent,
and in the presence of shock, indicates a severe urogenital
injury until proven otherwise. CT scan with IV contrast
allows for identification and staging of renal injuries, the
most common cause of significant blood loss in urogenital
trauma. Accurate staging of renal injuries allows for nonopera-
tive management in some cases (235). In patients going directly
to surgery or too unstable for CT scan, an IVP should be
obtained. Evidence of urinary extravasation or nonfunctioning
of one kidney indicates need for surgical exploration.

ANESTHETIC CONSIDERATIONS
Anesthesia and Head Injuries
Small increases in intracranial volume in pediatric patients can
result in clinically significant elevations of ICP (60). In addition
to actual hemorrhage into the intracranial space, any increase
in CBF will worsen ICH, and ultimately precipitate brainstem
herniation. Preoperative premedication with narcotics or
benzodiazepines are avoided in the spontaneously ventilating
patient, as they may cause hypercapnia, increased CBF, and
result in increased ICP (236,237). For anesthetic induction,
IV etomidate, propofol, or barbiturates are preferred as
they cause a coupled reduction in cerebral metabolic rate
(CMRO2) and CBF. Short acting opioids (fentanyl, sulfentanyl,
and remifentanyl) and lidocaine can help to prevent the hyper-
tensive response to endotracheal intubation, which would
cause an undesired increase in CBF and ICP (29,61).

Volatile anesthetic agents and nitrous oxide have unfa-
vorable effects on ICP, as does ketamine in spontaneously
ventilating patients, and are not preferred agents in the
head-injured child. Halothane, isoflurane, sevoflurane, and
desflurane cause cerebral vasodilatation thus increasing
CBF and ICP (238). The concomitant decrease in MAP
caused by volatile anesthetic administration further lowers
CPP, another unfavorable effect. Nitrous oxide increases
CBF and has the added disadvantage of diffusing into intra-
cranial air, thus rapidly increasing ICP in the setting of
pneumocephalus. Ketamine is not currently recommended
in acute TBI as it might lead to increased CMRO2 and
CBF (59).

Gastric Emptying and Trauma
Emergency trauma surgery should not be delayed based
upon patient’s “nil per os” (NPO) status. However, in semie-
lective procedures, NPO guidelines should be observed, and
are two hours for clear liquids, four hours for breast milk, six
hours for nonhuman milk, and eight hours for solids. Even
after following these fasting guidelines, a rapid sequence
induction for anesthesia is prudent given the possibility of
post-traumatic delayed gastric emptying (239).

PEDIATRIC ICUMANAGEMENT
Lung Injury and Ventilation Strategies
Mechanical ventilation of the pediatric trauma patient may
be necessary due to direct injury to the lung (e.g., pulmonary
contusion, aspiration, or pneumonia). Indirect causes of res-
piratory failure due to cardiogenic pulmonary edema, and
noncardiogenic edema due to insult such as fat embolism,

sepsis, systemic inflammatory response syndrome, and
transfusion-related acute lung injury (240).

As in adults, a lung-protective strategy of low tidal
volumes (6 mL/kg), minimal peak inspiratory pressures
(keeping volumes and pressures below the upper inflection
point), and sufficient PEEP to keep end exhalation pressure
and volume above the lower inflection point is used to mini-
mize barotrauma and volutrauma (241–245). Careful mani-
pulation of the lung functional residual capacity (FRC)
with mean airway pressure and PEEP may have the added
benefit of lowering the pulmonary vascular resistance by
restoring the normal architecture of perialveolar vasculature
(246). High-frequency oscillatory ventilation (HFOV) can
be used to limit volutrauma and barotrauma in pediatric
patients with acute lung injury. HFOV has been used
extensively in pediatric respiratory failure and delivers
small tidal volumes (1 to 3 mL/kg) oscillating at high fre-
quency (5 to 15 Hz) around a fixed mean airway pressure
(245,247). Inhaled pulmonary vasodilators (e.g., nitric oxide
and prostacyclin) have been shown to improve oxygenation
in the short-term, but further trials in children are needed
to evaluate any positive impact on outcome (248–251). Extra-
corporeal membrane oxygenation has been used successfully
in pediatrics as rescue therapy for severe acute respiratory
distress syndrome where conventional management is
expected to result in near certain mortality (252).

Nutritional Requirements and Role
of Enteral Nutrition
Immediately following significant trauma is a period of
diminished peripheral circulation and depressed resting
energy expenditure initially termed the ebb phase by
Cuthbertson (253,254). One to three days following trauma,
the flow phase occurs where there is increased metabolism,
insulin resistance, hyperglycemia, sodium and water
retention, and skeletal muscle breakdown. Children
have considerably lower protein stores than adults and
are more prone to complications of starvation. These
complications include cardiorespiratory compromise,
immune dysfunction, and increased mortality and morbid-
ity (255–257). This is most dramatic in neonates where the
protein requirements can be more than three times greater
than that for adults due to higher resting energy needs
(258). Hyperglycemia is also common after major trauma,
due to a combination of increased glucose production and
insulin resistance. Research in adults demonstrated impro-
ved outcome if blood glucose is kept within the normal
range by insulin infusion; studies in children are under
way (259–261).

Enteral nutrition should be initiated as soon as pos-
sible after injury except in the setting of GI obstruction or
ischemia. If enteral feeding is delayed, total parenteral nutri-
tion should be instituted early to minimize complications of
starvation. Enteral nutrition should be administered via
postpyloric feeding tube if there are concerns of gastric
reflux or if gastric feeds are not tolerated (262,263).
Early involvement of a pediatric nutrition specialist can
help to optimize protein, carbohydrate, fat, and vitamin
components of enteral or parenteral feeds (256,264).
Recommended daily caloric allowances for healthy children
provide a starting point for pediatric nutrition require-
ments but must then be modified based upon estimated
or measured energy expenditure (264–267). Indirect calo-
rimetric measurements of energy expenditure are most
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accurate and, when available, are preferred to calculated
estimates of energy expenditure (265,266).

Head Injuries
Observation
Regular neurologic observation is essential as rapid deterio-
ration can occur after head injuries. In cases where increased
ICP is likely and ongoing neurologic status cannot be
assessed, invasive measurement of ICP should be pursued
(Volume 2, Chapter 15). Although mannitol therapy and
ventricular drainage are less often needed in pediatric TBI,
most basic management considerations are similar. One
area where pediatric TBI management diverges from adult
therapy is in the area of glucose control.

Glucose Management
Rapid glucose measurement is crucial in the pediatric
trauma patient as hypoglycemia can masquerade as head
injury and if untreated can cause neurologic damage (268).
Young children are more prone to hypoglycemia than
adults due to the increased metabolic requirements and
lower reserves of substrate for glucose production. Hypogly-
cemia should be treated immediately with 2 to 4 mL/kg IV
dextrose 10% followed by IV dextrose infusion at rates
sufficient to maintain normoglycemia (59,269).

Hyperglycemia in children with severe head injury is
associated with poorer outcome and has been shown to
worsen TBI in animal models (89,270–273). Glucose-
containing fluids are normally omitted as part of the initial
large fluid volume resuscitation of head-injured patients in
order to avoid causing or worsening hyperglycemia.
However, a concomitant infusion of dextrose-containing
fluids, at a titrated rate, should be provided for neonates
and very young children until hypoglycemia is ruled out.
Tight control of serum glucose has been recommended in
head-injured children, although clinical trials to validate this
practice in children have not been performed (89,91,270,271).

Brainstem Death
Improvements in cardiorespiratory support during the 1960s
resulted in an associated increase in the number of adult and
pediatric ICU patients with no blood flow to the brain. In
response to this phenomenon, brain death became defined as
“irreversible loss of brain and brain stem function” (Volume
2, Chapter 16) (274,275). United Kingdom adopted guide-
lines in 1976, that identified apnea testing as crucial to iden-
tifying lack of brainstem function (276). In 1983, Roland et al.
(277) demonstrated that brain death could be clinically diag-
nosed in a pediatric ICU, when the autopsied brains of 11
children revealed liquifactive necrosis after demonstrating
coma and the absence of brainstem reflexes, including
apnea for .3 days. In 1987, the Guidelines of the Task
Force for the determination of brain death in children were
published, recognizing that children .1 year of age could
be diagnosed using the same clinical criteria as adults.
However, those �1 year required supplemental confirma-
tory evaluation beyond apnea testing due to immaturity
of brainstem reflexes (278). Children less than two months
of age (especially when premature) are the cohort of children
for whom apnea testing is universally inconclusive (278,279).
Practice parameters were established by the American
Academy of Neurology (AAN) on brain death in 1995,
to encourage uniformity in diagnostic approach (280). The

pediatric guidelines are incorporated in the AAN Practice
Parameters (280).

The guidelines for pediatric brain death recommend
two evaluations with a duration between examinations
that varies inversely with age (278). The time intervals rec-
ommended are 48 hours in children under two months
old, 24 hours in children two months to one year old,
12 hours in children older than one year, and in adults
there is no specific recommended time interval (280,281).
An additional difference in the diagnosis of brain death in
children is that confirmatory tests are seldom required in
adults, but generally recommended for children less than
one year of age (two tests for ,2-month-old, one test for
,1 year) and in some countries these confirmatory tests
are required by law (282). Because neonates have incomplete
development of brainstem reflexes, confirmatory tests are
more important in this age group. Confirmatory tests also
gain importance in cases of pulmonary disease (apnea not
tolerated), and where severe facial injury or cervical–
spine instability precludes some of the more traditional
brain stem testing (274). Confirmatory tests may include
cerebral angiography, electroencephalography, transcranial
Doppler ultrasound, or cerebral scintigraphy (technetium
99 hexametazime).

PEDIATRIC TRANSFER CONSIDERATIONS

Interhospital transport carries risk of significant morbidity
and must be undertaken by personnel skilled in pediatric
resuscitation. Problems en route include dislodgement of
ETT, loss of IV access, worsening hemodynamic instability,
hypoxemia, and hypothermia (283,284).

Initial Stabilization Is Required
Prior to Transport
The primary and secondary surveys must be completed and
injuries stabilized at the initial hospital to increase the safety
during transport to the trauma center. In cases where
immediate specialist intervention is necessary (e.g., neuro-
surgical evacuation of epidural hematoma), transport to a
higher-level facility should proceed immediately after the
secondary survey is completed.

Mode of Transport
General considerations for patient transport are provided in
Volume 1, Chapter 7. For the child in need of urgent defini-
tive care only available at the receiving hospital (e.g., craniot-
omy), the mode of transport should be chosen that would
deliver the child at the earliest to the receiving hospital.
Organizing a helicopter or fixed wing transport team is inap-
propriate if an available ground transport team could bring
the child more quickly and or safely to the center designated
for specialist intervention.

Transport Equipment Requirements
Checklists should be maintained and reviewed prior to
transport in order to ensure that appropriate pediatric
equipment is available. Guidelines for transfer equipment
and medications are provided in Volume 1, Chapter 7
(285,286). Commercially available computer programs can
be used to calculate pediatric weight appropriate doses of
emergency drugs helping to reduce drug errors. Proper
doses of commonly used resuscitation drugs may be
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printed on a single page for quick and easy reference. The
“Broselow tape” is a quick method of determining the
size of the patient and the appropriate equipment and
drug doses.

A minimum of two health-care providers in addition
to a driver should accompany an injured child during trans-
port. Transport personnel should have the appropriate skills
and equipment to continue the child’s current level of care as
well as to diagnose and treat foreseeable problems that may
develop during the transport. At least one health-care provi-
der should be a physician, registered nurse, or emergency
medical technician skilled in pediatric advanced airway
management and advanced cardiac and trauma life
support (PALS and ATLS). When a physician is not partici-
pating in the transport, communication with a physician
must be available throughout the transport to discuss
changes in the condition of the pediatric patient and
potential interventions (285–288).

ORGANIZATION OF PEDIATRIC TRAUMA SERVICES
Regionalization of Pediatric Trauma Centers
Pediatric trauma care is a specialized and complex endeavor.
Regionalization of services over the decades has improved
pediatric trauma survival significantly. Tertiary-level pedi-
atric trauma centers have surgical, anesthesia, and intensive
care specialists available continuously to receive and treat
pediatric patients (288–292). The American College of
Critical Care Medicine strongly supports regionalization of
pediatric intensive care which allows for pooling of critical
care and transport resources (293).

The American Academy of Pediatrics (AAP) has out-
lined different levels of pediatric emergency care facilities
to take part in a centralized system. The lowest level of
care is provided by “standby” pediatric emergency care
facilities capable of stabilizing pediatric patients and
staffed by a registered nurse or physician’s assistant
working under the direct supervision of a physician with
pediatric experience. The physician should be promptly
available for emergencies though supervision may initially
be by telephone, standing orders, or protocols. The AAP
guidelines outline additional requirements for “basic” and
“general” pediatric emergency facilities, which provide
increasing levels of care including pediatric inpatient ser-
vices. The highest level of care is designated Comprehensive
Regional Pediatric Center (CRPC) which must be capable of
providing all levels of specialized pediatric medical-surgical
care. This system is intended to maintain skills at smaller
hospitals through training organized by the CRPC (ATLS,
PALS, and clinical update courses) while allowing for
successful stabilization and rapid transfer of critically ill
pediatric patients to a higher-level facility (294).

Advanced Trauma Life Support and Pediatric Advanced Life
Support Training Requirements
Advanced Trauma Life Supportw (ATLSw: American College
of Surgeons) training provides doctors with an organized
approach, with the skills needed for the assessment and initial
management of the trauma patient (8). Pediatric Advanced Life
Supportw (PALSw: American Heart Association) training pro-
vides all levels of health-care providers with information
and skills needed to recognize and treat life-threatening
conditions in children. Resuscitation of infants and children
in respiratory failure, shock, or cardiopulmonary arrest is

covered. Advanced Pediatric Life Support (APLS: American
College of Emergency Physicians and AAP) is a more
advanced course geared toward physicians who are respon-
sible for the care of critically ill or injured children in the
emergency department or office setting.

Education, Debriefing, and Ongoing Case Reviews
In the AAP guidelines discussed above, the CRPC is respon-
sible for quality review and maintaining data on the region’s
trauma services. Specific areas recommended for review are:
facilities; personnel; equipment and supplies; access, triage,
transfer, and transport; education, research, and quality
assessment; administrative support; and hospital commit-
ment. The overall goal of this centralized quality review is
to reduce morbidity and mortality due to trauma in the
region (294).

Care of the Pediatric Patient’s Family
Providing supportive care to the family early is also import-
ant. A designated hospital trauma social worker should be
made available to the family as soon as possible. The social
worker can help to answer questions, provide local accom-
modation information, assist with contacting clergy, and
even provide family counseling. In cases of severe trauma,
frank discussions with the family will be needed and the
family’s relationship with the physician and nursing staff
is critical (Volume 2, Chapter 64), and can be facilitated by
supportive ICU nurses and social workers. Interacting with
family members in a straightforward, nonthreatening
manner should help to facilitate the gathering of pertinent
historical information while minimizing tension. In situ-
ations where nonaccidental trauma is suspected, a host of
additional considerations will need to be addressed by the
medical staff and the social worker.

EYE TOTHE FUTURE

Advances in pediatric trauma care continue to be
accompanied by the development of safety guidelines and
programs aimed at trauma prevention. On the technical
front, advances in imaging and monitoring are steadily
improving the care of pediatric trauma victims. Monitoring
in adult ICUs in the United States and Europe is beginning
to include the use of cerebral microdialysis catheters
(295,296). These catheters are able to measure products of
metabolism as they accumulate in injured brain tissue,
helping to direct optimization of ICP, brain osmolality, and
perfusion pressures. Clinical evaluation in the pediatric
age group will determine if this technology can improve
upon current management of pediatric TBI (295,296).

Children are especially susceptible to lung injury after
thoracic trauma due to their relatively thin and compliant
chest wall. Ventilation management of these children in the
ICU can be complicated by extreme hypoxia in the most
severe cases. Inhaled nitric oxide (NO) and prostacyclin
(PGI2) have been shown to improve oxygenation in children
(297). Both drugs can cause dilation of the capillaries associ-
ated with well-ventilated alveoli and improve oxygenation,
but do so by two different mechanisms: NO causes vasodila-
tion via cGMP, whenever PGI2 does so via cAMP. Both drugs
have some toxicity. In the case of NO, lung injury can occur
if the levels of NO2 (a toxic by-product produced when
NO is in contact with O2) become elevated and the oxygen-
ation benefits are short lived (although the pulmonary
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vasodilatory effects persist for much longer). The PGI2
causes some systemic vasodilation as well as pulmonary
vasodilation (in contrast to NO, which does not cause sys-
temic vasodilation, but the effects of PGI2 are long-lasting).
In addition to combining drugs (to decrease the individual
toxicities), often drugs are being evaluated as well (298).

Trials evaluating PGI2 and alternative prostaglandin
preparatory are ongoing. Additionally, inhibitors of pulmon-
ary vasoconstrictors (e.g., endothelin) are being evaluated.
Although PGI2 trials have been positive, other drugs are
more likely to be added to the general armamentarium of
pediatric pulmonary intensive care (251).

As concern about radiation exposure to children has
increased with the more common use of CTscanning, alterna-
tives are being evaluated. Additionally, CT scanning usually
requires some transport and requires anesthesia in children.
Focused abdominal sonography for trauma (FAST) in adults
has gained wide acceptance and provides rapid, radiation-
free screening without necessitating transport or anesthesia.
The experience with this type of focused ultrasound exam
in children is not yet well established but is currently under
study (299–301).

Commotio cordis is a unique problem more common
in pediatrics that has recently benefited from the increasing
distribution of automatic external defibrillators (AEDs) in
communities where these have been made publicly available
(157). As AEDs become more ubiquitous, children as well
as adults will benefit from the availability of immediate
defibrillation of life-threatening dysrhythmias (157).

SUMMARY

Despite advances in treatment and preventive measures,
traumatic injury continues to be the leading cause of death
in children over one year of age. Traumatic injury patterns
vary according to the age of a child. Developmental and ana-
tomical differences in children provide unique challenges to
medical personnel. Specialized pediatric trauma and GCS
scores take into account these differences and attempt to
provide similar information to their adult counterparts.

The ABCDEs of the primary survey proceed as in
adults and should serve to readily identify life-threatening
injuries. Age-specific vital signs are considered as the
airway, breathing, and circulation are evaluated. Multiple
sizes and types of airway equipment must be available to
assist in securing the pediatric airway. Hypotension is a
late sign of hemorrhage in children as they have a remarkable
ability to maintain their blood pressure even after significant
blood loss. IV access, essential for circulatory resuscitation, is
especially challenging in children. The use of intraosseous
needles provides an important alternative for resuscitation
of children in whom IV access cannot be secured.

From head to toe, there are differences in pediatric
versus adult victims of trauma. Intracranial hemorrhage or
subgaleal bleeding in infants may result in hemorrhagic
shock despite minimal evidence of external hemorrhage.
Intracranial injuries are more likely to result in diffuse inju-
ries and cerebral edema, which is less often amenable to
surgical intervention. Facial trauma more commonly
results in dentoalveolar injuries, often requiring evaluation
by a pediatric dentist when permanent teeth may be at
risk. These idiosyncrasies of childhood injury require
special consideration in the assessment of pediatric head
and facial trauma.

As in adults, thoracoabdominal trauma may result in
significant morbidity and mortality in the child. However,
the increased flexibility of a child’s ribcage makes actual
fracture of the ribs less likely even in the presence of a sig-
nificant intrathoracic injury. Childhood abdominal trauma
is associated with handle bar injuries, abuse, and seatbelt-
related injuries more commonly than in adults. Physical
examination of the abdomen in young children may be par-
ticularly difficult due to lack of cooperation or verbal skills.
Laboratory evaluation and ultrasound are useful, although
CT scans may be necessary for definitive identification of
intra-abdominal injuries.

Pediatric trauma care is a specialized field and regiona-
lization of services has improved survival. Different levels of
emergency pediatric care in a given region allow for initial
stabilization of pediatric trauma victims near the site of
injury. At lower level facilities, the decision to transport to a
tertiary care facility can be made in consultation with phys-
icians at the higher-level facility. Education, debriefing, and
ongoing case reviews, organized by CRPCs, help to con-
stantly evaluate and improve the pediatric trauma care of a
region.

KEY POINTS

A Pediatric Trauma Score �8 suggests that the child
should be transported to a trauma center because of
the high risk of morbidity and mortality (16).
In contrast to adults, prehospital pediatric airway man-
agement with bag-mask ventilation may be superior to
intubation.
Length-based weight-conversion devices (e.g., Brose-
low Pediatric Resuscitation Measuring Tape) can
quickly provide estimates of the child’s weight, appro-
priate-sized resuscitation equipment, and medication
dosages for teams with minimal pediatric experience.
A child’s epiglottis is longer, narrower, and more U-
shaped than in the adult. Additionally, the larynx is
higher and has an anterior inclination making the straight
Miller blade most useful to lift the epiglottis out of the way
during laryngoscopy.
The trachea of young children is short in length and
there is a high risk of main-stem intubation (Fig. 1) or
dislodgement of the ETT from the trachea during
neck movements.
Hypotension is a late sign of hemorrhage, as children
have a remarkable ability to maintain normal blood
pressure despite significant blood loss.
Intraosseous puncture is the rescue option of choice for
critically injured children in whom conventional vascu-
lar access cannot be quickly established.
Intracranial hemorrhage in newborns and bleeding into
the subgaleal space in children may result in significant
volume loss and hemorrhagic shock despite limited
external evidence of hemorrhage.
Prevention of hypothermia is a key strategy in children,
and involves heating the pediatric resuscitation suite,
placing radiant heat lamps above uncovered children
during examination and procedures of longer duration,
and administering only warmed fluids.
Injured children often require anesthesia or sedation for
diagnostic imaging, whereas adults generally require
this for the performance of painful procedures.
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Intentional injury inflicted upon children (i.e., abuse) con-
tinues to be a frequent cause of pediatric trauma.
Owing to the disproportionately larger head, the
greater laxity of the cervical spine ligaments, and hori-
zontal orientation of the cervical spine facets in chil-
dren, injuries in this age group are most likely to
occur in the upper three cervical vertebrae.
Abdominal distention should first be considered as sign
of intra-abdominal injury, but can also occur secondary
to gastric distention from air swallowing.
Abdominal ultrasonography (FAST exam) has gained
popularity in the adult population but is less satisfactory
in evaluating injured children (179).
The seatbelt injury sign is associated with GI injury and
horizontal vertebral fracture (chance fracture) in children
restrained with a lap belt.
The presence of growth plates (physis) makes the spec-
trum of injuries as well as the radiographic evaluation
of bony injuries complicated in children.
In children, any degree of hematuria may indicate sig-
nificant urogenital injury.
High-frequency oscillatory ventilation (HFOV) can be
used to limit volutrauma and barotrauma in pediatric
patients with acute lung injury.
Children have considerably lower protein stores
than adults and are more prone to complications of
starvation.
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INTRODUCTION AND DEFINITION OFAGING

Resuscitation of the geriatric patient requires special knowl-
edge of the anatomic and physiologic changes that occur
with aging. Due to these alterations, the elderly often
present with a different constellation of injuries than their
younger counterparts. A paucity of prospective randomized
controlled trials (RCTs) evaluating elderly trauma care con-
tinues to plague management decisions. However, the
elderly comprise an increasing percentage of the population
in industrialized societies, and their contribution to the total
number of trauma patients also continues to rise (1). Due to
these considerations, increased attention needs to be spent
on the elderly in regards to research and clinical care.

The precise definition of the elderly varies depending
upon the author, but generally relates to an individual age 60
to 65 or older. According to the U.S. Public Health Service, pre-
mature death is defined as any death occurring before the age
of 65. Most U.S. governmental agencies use the age 65 cut off,
and for purposes of this chapter, a geriatric patient is defined
as one whose age is equal to or greater than 65 years.

According to the 2000 census report, there were appro-
ximately 35 million (M) Americans �65 years of age (Table 1)
(2). Although only 25% of all trauma fatalities occur in
the elderly, they have a much higher relative mortality for
any given injury and consume 33% of the total trauma
health care resources (3,4). Indeed, age was confirmed as
an independent predictor of outcome (mortality) in trauma
after stratification for injury severity in this largest study of
elderly trauma patients to date (4). However, elderly patients
with severe injury [injury severity score (ISS) . 30] actually
have a decreased utilization of intensive care unit (ICU)
resources due to associated increased mortality compared
with age-controlled cohorts (4).

In this chapter, a comprehensive review of the physio-
logic changes that occur with aging is provided, along with
other information required to care for the injured geriatric
patient. The age-related changes that specifically contribute to
the epidemiology of trauma are reviewed along with consider-
ations for prehospital care, resuscitation, evaluation (primary
and secondary survey), and management are sequentially sur-
veyed. The perioperative management of the elderly trauma
victim is reviewed, followed by post operative anesthesia care
unit (PACU), critical care, and rehabilitation considerations.

PHYSIOLOGIC CHANGESWITH AGE

Gerontologists have observed that rates of physiologic
aging and senescence vary markedly in older individuals,

meaning that chronological age is not necessarily analo-
gous to physiological age. However, by the eighth
decade of life, most individuals will show age-related
decline in numerous areas, including eyesight, mental
acuity, muscle mass, bone density, renal function, cardiovas-
cular adaptation, and cardiopulmonary fitness.

Age-related physiologic changes may both contribute
to the cause of trauma in some circumstances and influence
the assessment and evaluation of the traumatized geriatric
patient. Indeed, the physical findings at resuscitation, includ-
ing the “vital signs” (e.g., blood pressure, temperature, or
heart rate) may all be altered in the elderly.

Central Nervous System
The number of neurons in the brain decreases with age.
The rate of loss varies greatly among different regions of the
brain. The dopaminergic nigrostriatal system is the most vul-
nerable region of the brain to sustain age-related neuronal loss
and cell death, partially explaining the increased rate of Par-
kinson’s disease associated with aging. Age-related central
nervous system (CNS) changes predispose the elderly to delir-
ium and ICU psychosis. Acute confusional states contribute to
accidental trauma in geriatric patients and clearly complicate
critical care management of these patients. Age-related
decreased concentrations of the CNS neurotransmitters acetyl-
choline, serotonin, and dopamine result in increased vulner-
ability to anticholinergic drugs. The decrease in auto-
regulation of cerebral blood flow (CBF) [i.e., rightward shift
in the CBF/mean arterial pressure (MAP) curve] increases vul-
nerability to cerebral ischemia associated with systemic hypo-
tension. The decrease in CNS neuronal mass leads to a
decrease in intellectual reserve. Cognitive changes also con-
tribute to a decline in short-term memory, information proces-
sing, and attention span.

Neuromuscular Changes
By age 80, muscle mass has declined by 25% to 40% in most
individuals. There is a parallel decline in maximum muscle
force caused by atrophy and loss of type II (fast twitch)
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fibers. Some of this muscle loss results from apoptosis of
motor units associated with the small linear decline in
anterior horn cells that occurs with aging. However, most
of the muscle fiber loss results from atrophy due to
decreased activity. As a result, there is an increase in connec-
tive tissue in the muscles of older patients, and consequent
decreased flexibility and strength.

The conduction velocity of both sensory and motor
nerves also decline after age 60. Consequently, peripheral
sensory nerve function deteriorates and is clinically
reflected by a decrease in deep tendon reflex and dimin-
ished proprioception which is linked in part to increases
in certain mechanisms of injury (e.g., falls).

Cardiovascular System
Symptomatic ischemic heart disease in individuals aged 65
years and older is estimated at 15% to 20% in men and 9% to
12% in women (1). Subclinical atherosclerotic coronary artery
disease is even more prevalent, and coronary artery disease
is the major cause of death in this population (Volume 2,
Chapter 19).

Coronary atherosclerosis begins in early adult life and
progresses with age. A number of risk factors further influ-
ence the rate of disease progression, including genetically
predetermined apolipoproteins and the population of low
density lipoprotein (LDL) receptors at the endothelial cell
surface. These lipoproteins, coupled with dietary influences,
affect the level of serum cholesterol. Serum cholesterol levels
rise by about 30 to 40 mg/dL/decade beginning at age 25,
and plateau in women at 50 and men at 55 years of age. Elev-
ated cholesterol and changes in lipoproteins, hypertension,
and smoking contribute to atherosclerosis as well as to the
morbidity and mortality associated with coronary artery
disease. However, the contribution due to cholesterol is
less in older persons and, interestingly, may be noncontribu-
tory after age 80.

The systolic, and to a lesser extent the diastolic, blood
pressures increases with age. After age 65, the systolic blood
pressure tends to increase more than the diastolic. The
increase in both parameters is also race related, with blacks
more likely to demonstrate hypertension. The estimated
prevalence of diastolic hypertension in white and black indi-
viduals�65 years of age is 10% and 25%, respectively. By age
75, systolic hypertension prevalence increases to 15% and
30% for whites and blacks, respectively. In Volume 2,
Chapter 17, the recently revised definition of hypertension
(summarized in Table 2) (5) is reviewed.

Pulmonary Function
Even though lung compliance increases in the elderly, com-
pliance of the chest wall decreases with age. The increased
stiffness of the thoracic cage is due to increased fibrosis of

the thoracic musculature, and calcification of the costal carti-
lages and the costovertebral junctions. The 20% rise in elastic
work of breathing at age 60 (compared with that at age 20) is
primarily due to the increased thoracic stiffness. This stiff-
ness also leads to an increase in residual volume and an
increase in thoracic anterior–posterior diameter. One may
mistake these findings clinically and radiographically as
emphysematous changes, because of the increased preva-
lence and severity of emphysema in the elderly patient.
However, true emphysema does not necessarily develop in
the healthy aged lung with minimal exposure to tobacco
smoke or industrial air pollutants. The increasing thoracic
stiffness, and loss of lung elasticity, adds to the elastic
work of breathing in the elderly, resulting in a widening of
the alveolar–arterial (A–a) gradient and thus lower arterial
PO2 (Table 3).

Physical Fitness
Generally, physical fitness decreases steadily after age 40,
with a more progressive decline after age 60. Even so,
many adults who survive into their eighties remain vigorous
and independent. Individuals who remain free of disease
can maintain unusual physical vigor well into the advanced
age. Indeed, senior citizens in their early seventies have been
known to run full marathons (26 miles) at speeds in the 90th
percentile (6).

Age-related changes and functional status have an
impact on the development of disability in the aged. As
20% to 30% of muscle mass is typically lost between the
ages of 60 and 90, significant personal drive and effort is

Table 1 Elderly Population in United States

Age range (yr)

Number of patients

(in millions)

65–69 9.5

70–74 8.8

75–79 7.4

80–84 4.9

85–89 2.8

�90 1.4

Table 2 Hypertension Definitions: per JNC7a Revisions

Categoryb
Systolic

(mmHg)

Diastolic

(mmHg)

Normal ,130 ,85

High normal 130–139 85–89

Stage 1 (mild) 140–159 90–99

Stage 2 (moderate) 160–179 100–109

Stage 3 (severe) 180–209 110–119

Stage 4 (very severe) �210 �120

aJNC7 is the seventh report of the Joint National Committee on the

prevention, detection, evaluation, and treatment of high blood

pressure. Published in JAMA 2003; 289:2560–2572.
bReadings based on the average of two or more blood pressures

taken at each of two or more visits after an initial screening.

Table 3 Normal Age-Related Changes in

Arterial PO2

Age (yr)

Mean and range

(mmHg)

20–29 94 (84–104)

30–39 91 (81–101)

40–49 88 (78–98)

50–59 84 (74–94)

60–69 81 (71–91)

Source: Data from Nunn J. Nunn’s Applied Respiratory

Physiology. 4th ed. Oxford: Butterworth-Heinemann,

1995:269.
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required to remain physically fit. This muscle loss results
from the reduction of muscle fiber size, motor units, and
overall number of myofibrils. The rate of this muscle mass
loss is considerably accelerated in the older person who
does not exercise. Trauma and/or critical illness can exacer-
bate the age-related muscle loss.

The maximal ability to use oxygen during exercise
(MV̇O2) declines by 1% per year, beginning in the twenties.
By the ninth decade there may be a 50% decline in this
important capability, making even such ordinary activities
as walking and stair climbing even more demanding (1).
Lack of exercise and prolonged bed rest accelerate the
decline in MV̇O2.

Renal and Hepatic Function
Age-related decrements in glomerular filtration rate (GFR),
concentrating ability, and renin response to volume
loss become manifest after age 65. These and other typical
age-related renal changes are summarized in Table 4 (1).

By the eighth decade, liver size and blood flow
decrease by up to 30%. However, laboratory measures of
hepatic function are not typically altered with age. The
decreased hepatic blood flow does significantly prolong
half-life of drugs with high first-pass clearance by the liver
(e.g., propranolol).

Endocrine Function
Numerous age-related changes occur within the endocrine
system. Prominent among these are alterations in glucose
metabolism and thyroid function. The ability to clear an oral
glucose load decreases with age. As such, there is a 10 to
20 mg/dL rise per decade in serum glucose levels measured
one to two hours after an oral glucose challenge. However,
fasting serum glucose levels are only minimally changed by
the aging process. Exercise and increased muscle mass can
improve impaired glucose metabolism in many elders.

In the aged, thyroid function often remains well
preserved. However, hypothyroidism and most thyroid dis-
orders are more prevalent in the sixth decade and beyond.
Elderly women are about twice as likely as elderly men to
develop hypothyroidism.

Thyroid dysfunction often escapes clinical detection
because the symptoms often mimic those changes associated

with aging itself. The metabolism and clearance of thyroid
hormones decrease with advanced aging, but the total T4
and free T4 remain essentially unchanged. Of all patients
with hyperthyroidism, about 10 to 15% are beyond the age
of 60.

AGING AS A CONTRIBUTOR TOTRAUMA

Cause and effect must be considered when evaluating
the traumatized geriatric patient. That is, did the patient

become disoriented, confused, or develop syncope which
resulted in the accident or did the accident result in brain
injury, thereby causing disorientation and confusion?
In addition to potentially complicating the assessment and
evaluation of the traumatized geriatric patient, age-related
physiologic changes can contribute to causing trauma.

The most frequent mechanism of injury in the
elderly is falling, usually due to mechanical reasons.
However, syncope is far more common in the aged than in
younger individuals (7). Motor vehicle accidents are
the second most common source, accounting for 28% of all
injuries. Ten percent of all injuries in the elderly are due to
pedestrians being struck by automobiles (7). Approximately
8% of all trauma deaths in the aged are caused by burns
(with falling asleep while smoking cigarettes being the
major culprit).

Visual Loss and Cognitive Dysfunction
Pupillary response diminishes with age. As a result, there is
decreased accommodation to varying levels of light and
darkness (8). Due to this age-related change, the elderly
require more time to adjust to environmental lighting
changes. The aging eye also has a greater sensitivity to
glare. This visual distraction is caused by sluggish pupillary
reactions. This change can lead to visual distraction from
bright lights reflecting off of highly polished floors, or from
oncoming vehicles during night driving (9). Cataract
formation is also associated with aging and results in
decreased lens transparency. The decreased passage of
light rays to the retina leads to both diminished vision and
to an increased requirement for bright lights. A decreased
ability to discriminate between colors of similar intensities
(such as blue and green) also results from cataract formation
(10). The misinterpretation of colors may cause the elderly
patient to take the wrong medication and/or wrong
dosage. Similarly, indistinct contrast of environmental
devices (such as grab bars or hand rails) blending with the
surrounding walls may not be recognized by the aged
person as safety devices due to an age-related decline in
color and depth perception. Other visual changes that may
contribute to an increased incidence of falling in the elderly
are a decrease in peripheral vision, a diminished upward
gaze, and central visual field defects caused by macular
degeneration (11).

Finally, cognitive dysfunction (including depression or
dementia) also contributes to falling in the elderly. Memory
decline occurs in more than 40% of people above the age of
60 (12). Although decreased mental acuity spares a few
lucky elderly, most will have some impairment in their
thought processes, merely because of the cerebral atrophy
that occurs with age (13). Although the amount of neocortex
loss is less than previously thought, there is approximately a
15% decrease in white matter volume that occurs with
aging (14).

Table 4 Age-Related Changes in Kidney Function

Function Change with age

Glomerular filtration rate 30%þ decrease by

seventies (no history of

renal or cardiovascular

disease)

Maximum concentration

of urine

20–30% decrease by

seventies

Maximum dilution of

urine

Decreased by seventies

Thirst perception Decreased (studied in

males only)

Formation of NH4þ by

tubules

20% decrease by seventies

Renin response to volume

loss

Diminished by seventies

Renal blood flow 30% decrease by seventies
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Balance and Gait Impairment
Changes in the visual, vestibular, and proprioceptive
sensory systems diminish the balancing ability in the aged.
After the sixth decade, body sway begins to increase when
standing, further raising the level of instability (15). Older
people with a history of falls have greater sway than those
persons without falls (16). Proper foot placement while
walking is interfered with by the decline of proprioceptive
feedback and vibration sense in the aged (17,18).

Age-related changes in gait also contribute to falls.
Older women develop a narrow walking and standing
base, thereby ambulating with a pelvic “waddle” (19). On
the other hand, older men tend to adopt a wide-based stand-
ing and walking gait and a decrease in stride length and
steppage height resulting in a small-stepped gait (20).
More time is spent in the support phase of gait with a
decrease in walking speed by both sexes (21).

ReactionTime and Musculoskeletal Changes
The length of time between perceiving a hazard and

taking action to avoid it increases with aging due to both

the decrease in reaction time and a decrease in the speed
of performing risk-avoidance movements (22). Many
elderly persons develop kyphotic posture with age, partly
due to osteoporosis. The kyphotic posture may cause more
instability during attempts to stop a fall in progress
because the head and neck are bent slightly forward, with
the hips and knees more flexed, thereby causing muscle
shrinkage and calcification of tendons and ligaments.

Muscular strength and endurance decrease with age
with the greatest decline in the proximal muscles of the
lower extremities in minimally ambulatory patients (23).

This decrease causes the elderly to have difficulty when
sitting down or rising from the sitting position. Transfer dif-
ficulties are also attributed to arthritis resulting from deterio-
rated articular cartilage. Even the ability to slide the legs
underneath a chair to gain leverage to stand up is compro-
mised by osteoarthritis which impedes the knee joint from
assuming the angle of acute flexion between the lower and
upper leg. This inability to sufficiently flex the knees
(along with age-related muscle loss) impairs the ability to
rise from the floor after falling.

Syncope
Syncope is an important cause of falling in the elderly.
Syncope is defined as sudden and brief loss of consciousness
due to cerebral ischemia. Common causes include cerebro-
vascular disease and cardiac dysfunction. A decline in the
efficiency of the baroreceptor reflex is responsible for ortho-
static hypotension that has been found in otherwise healthy
elderly persons (24,25). A thorough investigation is war-
ranted for any patient with syncope. Some common causes
of syncope are summarized in Table 5. Parkinsonism, hemi-
plegia, cervical spondylosis, normal pressure hydrocepha-
lus, ataxia, and Alzheimer’s disease also contribute to an
increase risk of falls.

PREHOSPITAL CARE CONSIDERATIONS FOR THE ELDERLY
Information Gathering

Paramedics may be the sole source to provide immediate
and practical access to health information in some elderly
patients. One of the important ancillary functions of the
paramedic in geriatric prehospital care includes information

Table 5 Common Causes of Syncope in the Elderly

Medical problem Brief note

Progressive visual decline Cataracts, macular degeneration, glaucoma, nutritional deficiencies

(vitamin B12, thiamine)

Dizziness Results from a dysfunction of at least one of a number of balance control systems

(visual pathway, vestibular apparatus, or the proprioceptive tracts of the CNS)

Vertigo Defined as a sense of rotation of either the patient or the environment (usually

indicates vestibular dysfunction). Almost always associated with nystagmus,

poor balance, and autonomic symptoms

Benign positional vertigo A common form of vertigo in the elderly. Dizzy sensation when a certain

position is assumed. Recent ear infection or head trauma are common

precipitating factors

Meniere’s disease Usually presents before the age of 70 but can persist in the elderly.

An impairment of the auditory and labyrinthine portions of the eighth cranial

nerve. Abrupt severe dizziness with nausea and vomiting

Acoustic neuroma Should be suspected in the presence of progressive unilateral hearing loss or

tinnitus

Labyrinthitis Dizziness with positional change and local ear pain. Serous labyrinthitis is

caused by an infection. Toxic labyrinthitis may be caused by

aminoglycosides, aspirin, heavy tobacco use, and loop diuretics

Transient ischemic attacks

and transient monocular

blindness

Focal brain or retinal vascular disease (spasm or thrombosis) that clears

completely in ,24 hrs

Vertebrobasilar

insufficiency

Classically presents as a drop attack. Twisting the neck can decrease vertebral-

basilar artery blood flow to the brain stem, causing transient syncope. Patients

return to consciousness once horizontal on floor

Abbreviation: CNS, central nervous system.
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gathering and environmental assessment. Information
may also be gathered from the patient, neighbors, friends,
family, and medical “papers” (e.g., advanced directives,
primary care physician, medications, allergies, etc.).
Environmental assessment encompasses evaluation of the
habitability of the residence, empty medication bottles or
poisons, signs of violent acts, and neglect.

Immobilization
Manipulation and immobilization of the elderly on the

transport backboard and anchorage of the head and
hard cervical collar must be cautiously instituted to avoid
injury. For example, a spinal cord injury can be caused
or exacerbated by fragility of the spine from osteoporesis
and atrophy of protective muscles. In addition, cervical ste-
nosis and cervical osteophytes are more common in the
elderly, secondary to degenerative arthritis (Fig. 1). Manipu-
lation of the neck during immobilization (as well as cervical
collars) has also been reported to cause carotid occlusion
(26). Careful auscultation for carotid bruits and examination
for surgical scars in the area of the carotid arteries are
standard elements of assessment in the elderly.

With respect to immobilization, other than that of the
cervical spine, particular attention should be given to extre-
mity injuries, as the elderly are more prone to fracture
because of bone fragility (Fig. 1). The injured elder is also
more prone to the development of pressure sores and decu-
biti, which can occur with prolonged immobilization on the
rigid backboard.

Oxygen Administration
Oxygen supplementation is important in the elderly, as

there is an increased A–a gradient (Table 3) and an
increased incidence of cardiovascular disease in this age
group. Although high flow oxygen may be detrimental
in the stable patient with chronic obstructive pulmonary
disease (COPD) whose respiratory drive is dependent on
hypoxic hypercarbia, this concern is far less an issue than
was traditionally thought. Moreover, any patient in respirat-
ory failure, and all those who have sustained major trauma,
should receive supplemental oxygen and be monitored
for both oxygen saturation and ventilation adequacy.

Fluid Management
The initiation of prehospital fluid resuscitation in the elderly
should be dictated by clinical presentation. If shock is
present, liberal fluid administration is generally required.
However, increased risk for myocardial ischemia should be
considered in the management of the elderly. Accordingly,
fluid must be administered with caution in the aged
(especially those with cardiovascular disease and/or renal
failure). Early use of invasive monitoring has been shown
to result in improved outcomes, likely due to improved bal-
ancing of these competing factors (27). Frequent auscultation
of the lungs is also imperative to monitor for the onset of
congestive heart failure or relative volume overload.

Thermal Protection
As the thermoregulatory set point is often below 378C

in normal elderly patients, caution should be taken
to avoid decreasing core temperature further. The
“physiologic hypothermia” associated with aging is easily
exacerbated during trauma exposure and resuscitation.
Furthermore, the elderly take longer to return to their
normal set point temperature because of diminished
muscle mass and subcutaneous fat reserves (decreasing
both shivering and nonshivering thermogenesis).

ATLSw SUPPLEMENT FOR GERIATRIC PATIENTS
Primary Survey
The primary survey for the geriatric patient is conducted in
an identical fashion as that used to evaluate younger victims.
However, elderly patients generally have less cardiopul-
monary reserve and have far more pre-existing comorbid
conditions (Table 6). Many of these pre-existing conditions
will influence the primary (Table 6) or secondary surveys.

Airway
In the past, the most common cause of upper airway obstruc-
tion in the elderly was thought to be tongue related
(15). However, more recently, it was demonstrated that the
supraglottic portion of the soft palate is the most common
site of airway obstruction following the administration of
sedatives and loss of airway reflexes and tone (28). Sleep
apnea is more common with age and can complicate spon-
taneous ventilation. Furthermore, patients with sleep
apnea are more likely to have difficult mask ventilation
than those without.

Additionally, many elderly individuals wear dentures.
If dentures become dislodged, they may provide a formid-
able type of airway obstruction. Removing dentures often
results in difficulty with mask fit during assisted ventilation,
because the edentulous face lacks the normal supportive
structure needed to keep the face tissue in contact with the
mask, providing an effective mask seal. Accordingly,
dentures should be left in place to assist mask ventilation,
but can be removed during intubation if need to be.
Finally, the lack of mobility of the cervical spine (due to
degenerative changes, osteoarthritis, and rheumatoid
disease) may limit efforts to visualize the larynx during
direct laryngoscopy for orotracheal intubation.

Breathing
The elderly often have pretrauma pulmonary dysfunction
(e.g., emphysema or the age-related decrease in pulmonary
function). The thoracic cage is far more fragile, increasing

Figure 1 Lateral cervical spine radiograph of an elderly

patient. Demineralization (osteoporosis) is evident.

Source: With permission from the National Center on Elder

Abuse (NCEA), www.elderabusecenter.org.
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the risk of both rib fractures and pulmonary contusions. Also
the six life-threatening injuries that must be ruled out are less
well tolerated following chest trauma in the elderly. These
are (i) tension pneumothorax, (ii) open pneumothorax, (iii)
massive hemothorax, (iv) flail chest, (v) cardiac tamponade,
and (vi) myocardial contusion. Overlooking any of these sig-
nificant injuries may result in profound complications and
even death within minutes. Furthermore, concomitant myo-
cardial ischemia triggered by hypotension and hypovolemia
is not uncommon.

The prevalence of COPD is much greater in the elderly
trauma population as noted above. Although diminished
oxygen levels may be the primary mechanism responsible
for respiratory drive in these elderly COPD patients,
oxygen therapy should not be withheld following trauma
just because of this theoretical concern. Rather, these “CO2

retainers” must be monitored closely and early intubation
must be considered to assure adequate oxygen delivery.

Aged individuals with chronic respiratory acidosis
generally have elevated serum bicarbonate levels as a

Table 6 Comorbid Conditions Influencing the Primary Survey of the Injured Geriatric Patient

Primary survey Condition Clinical sequelae Management

Airway and c-spine

control

Edentulous Difficult—mask

ventilation

2-person mask ventilation

Rheumatoid disease Difficulty in opening

mouth—cord injury

FOB intubation or surgical

airway

Breathing Reactive airway disease Hypoxia

Hypercarbia

Pneumothorax

Bronchodilator

Steroids

Chest drain

COPD Hypoxia/hypercarbia

V
o
=Q

o
mismatch shunt

Early ventilation

Secretion management

Circulation with

hemorrhage control

Ischemic heart disease Pain

Ischemia

Dysrhythmia

Titrated analgesia and IV

fluids

Maintain MAP,

nitroglycerine

Antidysrhythmic drugs

Cardioversion

Hypertension Exclude " ICP

Pain

Invasive monitoring

IV analgesics

Left ventricular failure Hypotension

Bronchospasm

Hypotension

Inotropes

Invasive monitoring

PEEP

Right ventricular failure Hypotension Inotropes

Invasive monitoring

Minimize PEEP

Avoid hypoxia/
hypercarbia

Disability Alcohol intoxication,

other drugs

Airway compromise

Hypoxia/hypercarbia

Tachycardia

Neurostimulation

Neuroinhibition

Thiamine

Specific antagonists

Dementia Confusion/coma Exclude intracranial

trauma

Prior stroke Spectrum of neurologic

signs according to

vascular territory

affected

Exclude hypoglycemia

and intracranial trauma

Dextrose

Glucagon

Diabetes mellitus Sweating

Tachycardia

Confusion/coma

Exclude intracranial

trauma

Dextrose vs. insulin

Seizure disorder Airway compromise

(hypoxia/hypercarbia);

confusion/coma

Anticonfulsants; intubate,

sedate, ventilate (avoid

paralytics)

Parkinson’s disease Tremor, rigidity L-dopa (avoid

antipsychotics)

Abbreviations: FOB, fiber-optic bronchoscope; MAP, mean arterial pressure; PEEP, positive end expiratory pressure; ICP, intracranial pressure; COPD,

chronic obstructive pulmonary disease.

Source: Modified from Advanced Trauma Life Supportw for Doctors. 7th ed. Chicago: American College of Surgeons, 2004.
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mechanism for metabolic compensation of the hypercapnea.
Accordingly, a normal serum bicarbonate level during resusci-
tation of a known CO2 retainer may indicate a significant meta-
bolic acidosis (from hypovolemia or cardiogenic shock) that is
temporarily buffered by the baseline bicarbonate excess
(Volume 2, Chapter 45). Measurement of serum lactate levels
may offer a better marker of cellular hypoperfusion in these
patients.

Circulation
Shock following trauma is caused by hemorrhage until

proven otherwise. Significantly, signs of early shock in the
elderly may be initially subtle. The normal tachycardia
in response to blood loss may not be present in the elderly
on beta-blockers, or with “sick sinus” (tachy–brady) syn-
drome. Longstanding hypertension may further mask
blood loss. A narrowed pulse pressure or altered mental
status may be the only initial clues of serious hemorrhage.
Delayed capillary refill is more difficult to quantify in the
elderly because their baseline refill time is normally pro-
longed compared with that of young people. Certain
diseases with peripheral vascular components, such as dia-
betes mellitus and severe atherosclerotic peripheral vascular
disease, further blunt the efficacy of this test.

Hypoperfusion leads to decreased baroreceptor stimu-
lation and an increased release of catecholamines. The
decreased baroreceptor stimulation leads to vagal inhibition
and sympathetic fiber stimulation, causing increased myo-
cardial contractility and heart rate. The elevated level of
circulating catecholamines similarly increases peripheral
vascular resistance (diastolic pressure) and contractility.

However, the elderly may be greatly limited in their
response to both baroreceptors and catecholamines. When
coronary artery disease affects the conduction system it may
impair the ability to increase heart rate. Although lower
heart rate is myocardial protective in normal circumstances,
during blood loss, diminished heart rate will lead to earlier
systemic hypoperfusion and shock. This phenomena can
occur with beta-blocked patients as well.

The elderly are more fragile in terms of requir-

ing optimal preload, adequate coronary artery perfusion
pressure, and intolerance of tachycardia. Those patients
with severe coronary artery disease who do develop com-
pensatory tachycardia are likely to develop acute myocardial
ischemia (due to increased cardiac work with compromised
supply), which will exacerbate the hemorrhagic shock
(Volume 2, Chapter 18). The best therapy stems from
immediate control of bleeding sites and prompt repletion
of intravascular volume. The decreased tolerance for fluid
overload is also an important consideration in geriatric
patients, creating a need for early aggressive monitoring
with PA catheters or transesophageal echocardiogram (TEE).

Manifestations of shock may present precipitously
in the elderly with minimal time for intervention between the

first signs of hypovolemia and overt shock. As hypoper-
fusion of the myocardium progresses due to ongoing blood
loss, further ischemia ensues until an “ischemic threshold” is
passed and infarction occurs. The likely associated clinical
situation would be cardiogenic shock. This often occurs
early following trauma and partially explains the high mor-
tality rate in the injured elder. Therefore, any degree of hypo-
volemia in the injured elder is potentially lethal. Even Class I
or II hemorrhage shock must be rapidly recognized and
aggressively treated. Renal insufficiency can be exacerbated
in hypovolemia and further complicates fluid management.

Elderly patients have more fragile capillaries and a
less robust coagulation system (both in terms of clotting
factors and platelets). Furthermore, multiple prescription
and over-the-counter drugs affect coagulation and bleeding
time (including aspirin, other antiplatelet agents, and non-
steroidal antiinflammatory drugs such as ibuprofen which
also impair platelet function). Additionally, the patient
might be taking coumadin (for arterial fibrillation or prosthe-
tic heart valves), which frequently is at “hyper therapeutic”
levels, resulting in a defective coagulation environment prior
to trauma.

The elderly on coumadin will have worse bleeding
from any given injury. Accordingly, any patient on cou-
madin with a head injury or ongoing bleeding should have
coagulation studies measured as part of the initial workup
and receive enough fresh frozen plasma (FFP) to normalize
the coagulation system. Severe coagulopathies resistant to
FFP and platelet transfusion should trigger consideration
of using recombinant factor VIIa (29).

Disability (Neurologic Injury)
Interpreting the causality of focal or diffuse neurologic defi-
cits in the elderly poses a problem in the assessment of these
injuries. First, syncope should always be considered as a
trigger for the trauma. Second, confirmation of the patient’s
pretrauma neurologic status is essential. Many aged
individuals have pre-existing neurologic deficits, for
example, residual weakness from a previous cerebral
vascular accident or baseline dementia from multiple prior
strokes or an Alzheimer’s type of primary dementia.

The age-related changes in CNS anatomy and physiology
should also be considered when evaluating the injured
elder for neurologic injury. These changes can also contrib-
ute to the poor prognosis of the older person with serious
head injury. Additionally, manipulation of a cervical spine
that is “fixed” as a result of severe osteoarthritis may contrib-
ute to spinal cord injury in the aged.

Exposure/Environmental Protection
As many older patients have baseline temperatures that are
below 378, particular caution should be taken to avoid
further hypothermia. Additionally, the elderly have less
muscle, less subcutaneous tissue insulation, and less fat
stores so they lose heat faster than younger patients, and
they have less robust rewarming capabilities. Accordingly,
the injured elder should be kept warm throughout resuscita-
tion and the management of injuries using all means
(ambient temperature, radiant heating, warmed fluids,
mattresses, etc.).

Secondary Survey
Traumatic Brain Injury
Although traumatic brain injury (TBI) is more common in the
younger, more active population, an increasing percentage of
patients with TBI are in the age group of�65 years. The mor-
tality in elderly TBI patients is far higher than seen in their
younger counterparts, even though the initial injury in the
elderly is often less severe (30). In a recent study from the
New York State Trauma Registry, 27% of the TBI admissions
were the elderly (30). There were more male subjects in the
nonelderly population (78% of cohort) compared with the
elderly population (50% men) (30). Elderly TBI patients

have a worse functional outcome and increased mortality
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compared with younger patients who present with the same

or less severe degree of TBI.
The use of antiplatelet and other anticoagulant agents

in elderly trauma patients significantly increases the risk of
mortality following TBI and intracranial hemorrhage (ICH)
(31). In a retrospective analysis, patients older than 50
years presenting to the hospital with traumatic ICH and
the use of aspirin, clopidogrel, or a combination were com-
pared with a control group that had hemorrhage but no anti-
platelet medications (31). Patients receiving antiplatelet
therapy had significantly more co-morbid conditions (71%
versus 35%; p , 0.001). In this series, 21 study patients (on
platelet inhibitors) died while only eight control patients
died (23% versus 8.9%; p ¼ 0.016). An age of more than
76 years and an initial Glasgow Coma Scale (GCS) score
of ,12 were correlated significantly with increased
mortality (31).

Thoracic Injury
Mortality and pneumonia rates are higher following thoracic
trauma, especially in the elderly (32). Indeed, a recent retro-
spective cohort study involving 277 patients with �65 years
of age with rib fractures admitted to Harborview Medical
Center demonstrated twice the mortality and thoracic
morbidity than younger patients with similar injuries (32).
For each additional rib fracture in the elderly, mortality
increases by 19% and the risk of pneumonia increases by
27% (32).

Widening of the mediastinum may not be as apparent
on the chest radiography of the injured elder with aortic
rupture due to baseline tortuosity of the aorta. The other
radiographic “clues” seen with rupture of the aorta (right-
ward deviation of the trachea and esophagus, elevation of
the right, and depression of the left mainstem bronchi)
should be specifically sought in the aged (33). When in
doubt, a computed tomography (CT) angiogram should be
obtained because the elderly will sustain major injuries
with less severe trauma than younger patients.

The elder with COPD is prone to more substantial ven-
tilatory dysfunction and associated hemodynamic changes.
Pulmonary contusion is difficult to assess in the immediate
postinjury setting for two principal reasons. First, the contu-
sion may blossom over time, particularly with fluid resusci-
tation, and, second, the elderly often have less pulmonary
tissue density due to COPD. Thus infiltrates, including pul-
monary contusions, are not visualized readily on chest radi-
ography. Accordingly, frequent monitoring of arterial blood
gases in blunt chest trauma in the aged is vital.

Provided the coagulation and platelet counts are
normal, early application of thoracic epidural analgesia
(TEA) is recommended following multiple rib fractures
and/or flail segments in the elderly. The use of TEA in
the elderly with length of stay (LOS) .2 days was associated
with a 10% mortality compared with a 16% mortality in those
elders nursed without TEA ( p ¼ 0.28). In the younger group
(LOS . 2 days), mortality with and without TEA use were
0% and 5%, respectively (32).

Abdominal Injury
Cirrhosis is more common in the elderly, especially

those with a long history of alcoholism. Cirrhosis and
blunt liver trauma is a highly lethal combination, as coagulo-
pathy inevitably complicates the management of hemor-
rhage. Deterioration in hepatic function in these patients
must be anticipated. Renal injury is more severe following

trauma to elderly and/or diseased kidneys. Prostatism
may predispose to a distended bladder with increased
incidence of uretheral or bladder rupture. Pre-existing ather-
osclerosis of the abdominal vasculature may induce sudden
vascular accidents with injury. Systemic hypotension or
direct trauma may cause occlusion of major abdominal
arteries.

Extremity Injury
The elderly are more prone to fractures of all bones,

including thorax, spine, pelvis, and extremities (particularly
the hip). Early fixation of hip fractures in the elderly is an
important management principle for decreasing morbidity
and mortality in patients who are physiologically stable
upon admission (34). A five-year retrospective review
of 82 elderly (age .65 years) patients with isolated low-
impact hip fractures was stratified into early (,24 hours),
intermediate (24–72 hours), and late (.72 hours) operative
fixation (34). Patients who were fixed late also had a signifi-
cantly higher infectious morbidity ( p ¼ 0.00469), LOS
( p ¼ 0.0226), and total hospital cost ( p ¼ 0.0001), compared
with those fixed early or immediate, despite having no
difference in average acuity upon discharge ( p ¼ 0.3883)
(34). Furthermore, a delay in fracture fixation in the elderly
adversely affects resource utilization (34).

The elderly with injured extremities and pelvic frac-
tures are more prone to arterial and venous insufficiency.
Arterial compromise is seen more often following trauma
in the lower extremities when arterial occlusive disease is
present. Venous thromboembolism is a constant threat in
the aged, and the combination of trauma (especially hip
or pelvic fractures) and critical illness further exacerbates
this propensity (Volume 2, Chapter 56). Retroperitoneal
hemorrhage following pelvic fracture can lead to exsangui-
nation. The elderly may develop severe retroperitoneal
hemorrhage following relatively trivial pelvic or sacral
fractures.

MISCELLANEOUS GERIATRIC TRAUMA CONSIDERATIONS
Benefit of Early Enteral Nutrition

The elderly may be malnourished and suffer from vitamin
deficiencies, thus all the elderly should receive IV thiamine,
folate, and multivitamins with the first bag of resuscitation

fluid, much like a chronic alcoholic. Although the
metabolic rate of the elderly is low, the decreased body fat
and muscle mass decrease the nutritional reserve. Accord-
ingly, enteral nutrition should be started as early as possible
in all elderly trauma patients unless there is a specific
contraindication (Volume 2, Chapter 32).

Burns
There is significantly higher mortality from burns in the
elderly. This is partly due to the increased incidence of
acute myocardial infarction and cardiac dysrhythmias.
Other important risk factors are the decreased fat and
muscle stores and a loss of protection provided by normal
skin in the aged. There is also an increased incidence of
infection because of impaired cell-mediated and humoral
response to foreign antigens. Finally, the decreased serum
albumin and the increased tissue fragility lead to far more
third-space swelling for any given body surface area (BSA)
burn (Volume 1, Chapter 34).
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Elder Abuse
The National Elder Abuse Incidence Study (NEAIS)
represents the first formal attempt to estimate the annual
number of elders abused or neglected in the United States.
These cases included those that were officially reported to
Adult Protective Services (APS) agencies, as well as those
cases that are unreported by official agencies. Of the
449,924 elder abuse cases reported, 70,942 (16%) were
reported by APS agencies, but the remaining 378,982 (84%)
were not reported to APS (35). These results suggest a
troubling reality that the known cases merely represent the
“tip of the iceberg” of elder abuse.

Many states have instituted mandatory elder abuse
reporting laws. Failure of health care providers to report
such incidents is in many cases a criminal offense. Federal
definitions of elder abuse, neglect, and exploitation
appeared for the first time in 1987 as an amendment to
the Older Americans Act (36). Broadly defined, there are
three basic categories of elder abuse: (i) domestic elder
abuse, (ii) institutional elder abuse, and (iii) self-neglect or
self-abuse. Domestic elder abuse refers to any form of
maltreatment by an individual who has a special relation-
ship to the victim, for example, spouse, sibling, child,
friend, or caregiver in the older person’s home or the
home of the caregiver. Institutional abuse refers to any
form of elder abuse that occurs in a residential facility for
older persons (e.g., nursing home, board, and care facility).
Self-neglect is characterized as the behavior of an older
person that threatens personal health or safety. The most
commonly reported forms of both domestic and
institutional abuse are physical and sexual.

Physical abuse (Figs. 2 and 3) is defined as the use of
physical force that results in bodily injury, physical pain,
or impairment. Signs and symptoms of physical abuse
include: bruises, black eyes, welts, lacerations, and rope
marks (or other signs of being restrained); fractures,
untreated injuries in various stages of healing, and
unusual burn patterns; sprains and dislocations; internal
hemorrhage/injuries; broken eyeglasses/frames and phys-
ical signs of being subjected to punishment; laboratory find-
ings of medication overdose or under utilization of
prescribed drugs; elder’s report of being assaulted or mis-
treated; elder’s sudden change in behavior; a caregiver’s
refusal to allow visitors or family members to visit with an
elder alone.

Sexual abuse is defined as nonconsensual sexual
contact of any kind with an elderly individual. Signs and
symptoms of sexual abuse that may be apparent in the

resuscitation bay include bruises around the breasts or
genital areas; unexplained venereal disease or genital infec-
tions; unexplained vaginal or anal bleeding; torn, stained,
or bloody underclothing; an elder’s report of being sexually
assaulted or raped.

Emotional or psychological abuse, neglect, abandon-
ment, financial or material exploitation, and self-neglect
may contribute to trauma in the elderly. Emotional or
psychological abuse is defined as the infliction of anguish,
pain, or distress through verbal or nonverbal acts. Neglect
is the refusal or failure to fulfill any part of a person’s obli-
gations or duties to an elder. Abandonment is desertion of
an older person by an individual who has assumed respon-
sibility for providing care for an elder. Financial or material
exploitation is the illegal or improper use of an elder’s funds,
property, or assets.

Advanced Directives
Autonomy, the expectation that competent patients should
be the “decision-maker” regarding their medical care, is
one of the most important ethical principles for the elderly.
The concepts of autonomy and consent recognize that most
patients of average intelligence and education can under-
stand complex issues involving their care when clearly
articulated (37). For informed consent to occur, patients
must be competent (i.e., able to understand the situation,
the choices involved, and their ramifications, and to clearly
articulate a choice).

Some previously competent patients remain so after
trauma and throughout a critical illness and, therefore, can
participate in medical decisions. However, elderly patients
are often incompetent upon admission, or unable to commu-
nicate because of pre-existing dementia, acute head injury, or
systemic illness/sedation which clouds the sensorium. These
patients are unable to provide informed consent and require
their surrogates to make medical decisions on their behalf
(Volume 2, Chapter 67). The proper role of the surrogate in
all cases is to represent the patient’s interests and previously

Figure 2 Extensive bilateral upper extremity contusions

in an abused elderly patient. Source: From the National

Center on Elder Abuse (NCEA), www.elderabusecenter.org.

Figure 3 Extensive contusions on neck, chest, and upper

extremities in an abused elderly patient (same patient as

depicted in Fig. 2). Source: From the National Center

on Elder Abuse (NCEA), www.elderabusecenter.org.
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expressed wishes, and not to represent their own interests or
points of view when they speak for the patient.

The most ideal surrogates are those who have been
designated by patients prior to their trauma or critical
illness to make medical decisions in the event of incapacity.
In California and many other states, such surrogates may be
granted a durable power of attorney for health care (38).
Proxy directives of this sort are legally binding so long as
patient’s interests are being protected. They are more
helpful than living wills and other instructional directives,
many of which are either too broadly or too narrowly
drawn (39).

Proxy and instructional directives are most often
prepared by patients with chronic illness who anticipate
further decompensation. Yet, still only a minority of such
patients prepare directives despite passage of the Federal
Patient Self-Determination Act of 1990, which requires that
health care institutions inquire whether patients have
advance directives and help them obtain such directives if
they have not already done so (40). Living wills and durable
powers of attorneys are rarely used by healthy persons even
though they may become trauma victims. As a result, unoffi-
cially designated surrogates (usually spouses, parents,
children, or siblings) most often make decisions with
physicians in “substituted judgment” for the patient.

Countries and states vary in their processes and rules
for medical surrogacy. In general, these variations fall into
two categories: (i) rules for determining the surrogate
decision-makers, and (ii) rules establishing what surrogates
can decide. Family consent laws address rules involving the
first category. Thus, many countries and states have enacted
statutes that allow close family members to act on behalf of
incompetent patients when the patients have not delegated
this responsibility before losing competence. Most statutes
prescribe a hierarchy of family members and require agree-
ment among members at the highest available class in the
hierarchy (41).

Disagreements within families regarding the person
who will serve as surrogate do occur from time to time. In
the recent Schiavo case in Florida, the husband served as
the surrogate for the chronically vegetative patient and
expressed her wishes that life-supporting therapy (in her
case food and water) be withheld, despite vehement
disagreement from the patient’s mother, father, and siblings.
The Florida District Court held in favor of the husband’s
right to serve as surrogate, and this ruling was further
upheld by the district court of appeals and by the U.S.
Supreme Court (42).

Legal guidelines are less clear for circumstances in
which incompetent patients lack surrogates. Some countries
and states allow physicians to make decisions for incompe-
tent patients based on wishes expressed by the patients to
the physicians when they were competent. However, no
U.S. state explicitly authorizes unilateral decision making
by physicians based on any other standard, including the
patient’s best interests.

An alternative approach is for physicians to ask the
court to appoint conservators or other advocates to help
preserve the autonomy of their patients. This approach is
cumbersome and time consuming, and conservators often
rely upon the physicians to make medical decisions
because the conservators are less knowledgeable about
health care. When physicians are forced to make unilateral
decisions, they would do well to review these decisions
with their colleagues or with members of the hospital
ethics committee. Such review is in keeping with good

medical and ethical practice, even though it has no legal
standing. The interested reader is referred to Volume 2,
Chapter 67 for further review of ethical problems involving
trauma and critical care.

ANALGESIC AND ANESTHETIC ALTERATIONSWITH AGING

The anatomic and physiologic changes associated with
aging affect the dosing, potency, and duration of anesthetic
drugs. General mechanisms include an alteration in
plasma protein binding, a decrease in the lean body mass
and total body water, a decrease in drug metabolism and
excretion, and an increased sensitivity to drug effects at
any given plasma concentration. These age-related charac-
teristics vary depending upon the type of drug and the
general condition of the patient. However, in nearly every
instance, the elderly should receive smaller drug doses.

Analgesics and Sedatives
Opioids, barbiturates, and benzodiazepines all have greater
dose-related effects in the elderly (43). The increased
potency of these drugs results from both pharmacodynamic
and pharmacokinetic effects (Table 7). Clinical experience
and traditional measurements demonstrate significant age-re-
lated reductions in the dose requirements for thiopental, as
well as virtually all other agents that depress consciousness.
In addition, the aging process increases brain sensitivity to
narcotics, resulting in the need to reduce the doses of these
agents in geriatric patients.

General Anesthesia
Nervous system aging reduces the requirements for general
anesthesia drug doses. With increasing age, relative
minimum alveolar concentration (MAC) of inhaled anes-
thetic gases, declines progressively by as much as 30%
from young adult values. Virtually the same degree of
MAC decrement is seen for desflurane and sevoflurane, as
for traditional inhaled drugs such as halothane and isoflur-
ane. The reason for this age-related increase in sensitivity
to anesthetic drugs is unknown, but the consistency of this
phenomenon for anesthetic drugs with markedly different
chemical characteristics suggests that it is the result of funda-
mental neurophysiologic, rather than purely pharmacologic,
processes.

Neuromuscular Blocking Drugs
The plasma and extracellular fluid (ECF) concentrations

of neuromuscular blocking (NMB) drugs are increased in

the elderly, and their elimination from plasma is reduced
(44). Accordingly, the clinical duration of these drugs is
markedly prolonged. Rates of plasma clearance are further
prolonged in the setting of renal and hepatic insufficiency.
Cisatracurium and atracurium are least affected, and they
are the best NMB drug choice for minimizing the duration
of neuromuscular blockade in the elderly. However, during
airway management for acute respiratory failure, the NMB
with the most rapid onset must be chosen (succinylcholine
or rocuronium) without regard for duration of action
(Volume 2, Chapter 6).

Regional Anesthesia
Higher levels of sensory blockade occur in the geriatric
patient undergoing spinal anesthesia. In addition, there are
reduced segmental dose requirements for local anesthetics
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during epidural analgesia in geriatric surgical patients,
especially in the thoracic region.

PERIOPERATIVE MANAGEMENT FOR GERIATRIC TRAUMA

Morbidity and mortality rates are higher in elderly patients
undergoing emergency trauma surgery largely because of
their diminished physiologic reserve and their greater inci-
dence and severity of concomitant disease compared with
younger adults. The high prevalence of polypharmacy
involved in the treatment of chronic disease increases the
risk of adverse drug reactions. Additionally, some medi-
cations used to manage pre-existing disease can affect the
injured elder’s response to perioperative resuscitation.
Common examples include, but are not limited to, insulin
and/or oral hypoglycemics, chronic corticosteroid use, antihy-
pertensives (including both beta-blockers and vasodilators),
and antiarrhythmics.

Despite these considerations, no patients are “too old”
for anesthesia, even though some surgical procedures will
maximally stress the elderly, and bring them to the edge of
their physiologic reserve, necessitating postoperative mech-
anical ventilation and critical care. The probability of a
serious pulmonary or hemodynamic complication after
surgery in the elderly, as in the young adult, is largely deter-
mined by the site and extent of operation, and by the
patient’s underlying physical status. In the absence of
severe cardiac dysfunction or incapacitating lung disease,
an elderly patient may satisfactorily undergo most kinds of
surgery and forms of anesthesia.

The choice of anesthetic agent, or technique
itself, does not appear to be a major determinant of
overall outcome. However, monitoring intensity and atten-

tion to patient response following various stresses are
important. The failure of the elderly to emerge promptly
from anesthesia can result from numerous factors including
their decreased MAC required to maintain anesthesia, their
decreased metabolic rate, and so on. However, the most
common problems are the administration of an excessive

dose of anesthesia or improperly selected anesthetic
agents. Recently, the use of perioperative beta-blockade has
demonstrated decreased time until recovery following
anesthesia in the elderly (45).

The physical management of elderly patients in the
operating room (OR), and afterward, requires adherence to
specific precautions. Aged skin and bones are fragile, joints
are stiff, and their range of motion is limited. The elderly sur-
gical patient requires gentle and expert routine care of trau-
matic injuries. Uncomfortable positioning or bandaging
should be minimized. Unnecessary, enforced bed rest
should also be avoided. Active heating devices in contact
with poorly perfused skin or connective tissue pressure
points can quickly produce ischemic lesions. Prolonged
lithotomy positioning is a particular hazard in this patient
population.

In all elderly patients, postoperative bleeding diatheses
or hypercoagulable states and bacterial infection are more
frequent than in younger adults. Sustained sympathoadrenal
stress responses evoked during a protracted recovery from
trauma may contribute to the above complications. For this
reason, an anesthetic plan that includes postoperative epi-
dural analgesia when appropriate appears to be of particular
value in the elderly surgical patient, promoting healing,
reducing cardiovascular and pulmonary demands, and
reducing the long periods of stress resulting from inadequate
analgesia.

Clinicians must assume that the geriatric trauma
patient with multisystem injuries has limited physiologic
reserve and, as such, seemingly minor injuries may
prove life threatening. The so-called “stable” injured
elder may without warning become rapidly unstable (46).
Blood transfusion should be considered early for volume
replacement during perioperative resuscitation to improve
oxygen delivery in hypovolemic elderly patients.

The physical examination as well as the initial laboratory
data may provide clues as to the overall medical condition and
general health of the traumatized geriatric patient. The skin
and oral mucosa may be used as a rough estimation of
hydration. An increased anterior–posterior diameter of the

Table 7 Clinical Pharmacology of Sedatives and Analgesics in the Elderly

Drug

Brain sensitivity

(pharmacodynamics) Pharmacokinetics

Recommended dose

adjustment

Benzodiazepines

Midazolam " # Clearance # #

Ativan " # Clearance # #

Valium " # Clearance # #

Propofol " # Clearance # #

Opiatesa

Morphine " # Clearance # #

Fentanyl " – #

Demerol " # Clearance # #

Dilaudid " # Clearance # #

Other induction drugs

Etomidate – # Initial volume of

distribution

#

Thiopental – # Initial volume of

distribution

# # #

aAlthough initial dose should be low, must titrate to effect, using the respiratory rate and other factors (e.g., allow patients to receive intermittent doses

of opiates every 15 min as long as the respiratory rate is . 12 and systolic blood pressure is no more than 20 mmHg below the baseline).
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chest wall along with clubbing of the fingers may be a clue to
an underlying chronic pulmonary disease. Careful ausculta-
tion of the heart may reveal characteristic flow murmurs,
or third and/or fourth heart sounds indicate an underlying
cardiovascular disease and ventricular dysfunction.

Laboratory data showing an elevated blood urea nitro-
gen and/or creatinine levels, coupled with a chronic anemia
and low serum bicarbonate concentration, may be an indi-
cation of longstanding renal disease. Bilateral lower extre-
mity edema may be a sign of chronic congestive heart
failure. These points provide a mere sampling of the numer-
ous important details that can be gleaned from the physical
examination and laboratory findings that assist the trauma-
tologist in assessing patient risk and fitness for surgery.

Elderly patients may present to the trauma bay
without any associated family member or documentation,
and may themselves be too debilitated to provide the requi-
site information. So surgical scars may provide some clues
about pre-existing conditions and prior procedures. A longi-
tudinal anterior surgical scar of the chest may be a clue to
prior surgery for valvular or coronary disease (which may
or may not be active). A longitudinal surgical scar on the
inner aspect of either or both lower extremities may be a
clue that the patient has undergone coronary artery bypass
surgery. The neck should be examined for surgical scars
and/or bruits indicative of carotid disease.

In the elderly patient, excessively long surgical
procedures present an increased risk for postoperative
complications. An initial complication is much more
likely to lead to other complications, for example, failure of
one organ to function adequately is more likely to lead to
failure of another organ(s) (47). The risk for emergency
operation is generally greater than that of elective surgery,
and this is compounded with the elderly.

The symptoms and signs of abdominal injury may be
misleading in the elderly. Elderly traumatized patients are
more likely to have multiple intra-abdominal injuries and
die from those injuries than the younger trauma victim.
Previous surgeries may pose a challenge to the trauma
surgeon if there is significant anatomic distortion or adhe-
sions. Vessels with advanced atherosclerotic lesions may
be fragile, posing an increased risk of intra-operative hemor-
rhage. Atherosclerosis is well known to contribute to sudden
vascular accidents with injury, and major abdominal arteries
may become occluded following direct trauma or systemic
hypotension complicating trauma management.

Cirrhosis and blunt liver injury are a highly lethal com-
bination (Volume 2, Chapter 37). Coagulopathy frequently
complicates the management of hemorrhage associated
with surgery for trauma. Deterioration in hepatic function
must be anticipated, because liver mass decreases with
aging, and baseline hepatic blood flow decreases about 10%
per decade. This premorbid condition in the elderly increases
the risk of hepatic dysfunction following blunt abdominal
trauma. First attempts should focus upon maintaining intra-
vascular volume and blood pressure to limit shock liver
(Volume 2, Chapter 35).

In the operating rooms of the most organized and
experienced trauma centers, the trauma surgeon concen-
trates on damage control interventions while the trauma
anesthesiologist monitors the response to resuscitation and
conveys the pertinent physiologic data to the trauma
surgeon in an ongoing dialog. The two trauma pro-
fessionals, in concert, will provide optimal perioperative
care to the multisystem injured geriatric patient. Both the
trauma surgeon and trauma anesthesiologist must convey

their individual and collective experience regarding the
patient’s intraoperative course to the critical care team so
that lessons learned during resuscitation and anesthesia
need not be re-learned during the critical care management
phase.

POSTOPERATIVE AND CRITICAL CARE CONSIDERATIONS

The elderly patient who has undergone anesthesia for an
emergency surgical procedure may have an increased
morbidity and mortality in the postanesthetic period. The
following categories indicate the problems that are more
frequently encountered by the elderly in the postoperative
period: respiratory, circulatory, neurologic, gastrointestinal,
analgesia, and surgical specific complications.

Respiratory Complications
Many elderly patients have alterations in pulmonary function
or gas exchange after anesthesia for emergency surgery. Many
of these problems occur intraoperatively; however, coexisting
medical conditions may increase the risk of these compli-
cations. The following respiratory complications are com-
monly encountered in the immediate postoperative period:
hypoventilation, hypoxemia, hyperventilation/hypocapnia,
hypercapnia, airway obstruction, pulmonary edema, pulmon-
ary embolus, aspiration, and atelectasis.

Hypoventilation
Hypoventilation may be secondary to pain, fear, inadequate
reversal of muscle relaxants, opioid depression, and
the volatile anesthetics. Anesthetic agents can cause a
decrease in cardiac output, which can increase alveolar
dead space if ventilation is held constant. When ventilation
remains constant, there is an increase in the ventilation/per-
fusion (V/Q) ratio which leads to a decrease in blood flow
through nondependent lung areas. Although end-tidal CO2

will decrease in this situation, the partial pressure of CO2

in the arterial blood (PaCO2) will increase.

Hypoxemia
Hypoxemia is a common and serious complication in the
postoperative period. The elderly patient tends to

become hypoxic more easily, because of the effects of
normal aging and pulmonary diseases. Causes include
decreased FIO2 (if on room air), hypoventilation, pre-
existing lung right-to-left intrapulmonary shunt, areas
of low V =Q, shivering, hypothermia, and myocardial
depression (and low oxygen delivery), anemia, and diffusion
abnormalities.

Extra care should be taken to provide supplemental
oxygen to patients during regional anesthesia with sedation,
during transport from the OR to the recovery room, and
while in the recovery room. The liberal use of arterial cath-
eters for the measurement of both continuous arterial press-
ures and frequent blood gases is encouraged. Postoperative
mechanical ventilation may improve the outcome for
patients with severe lung disease or other major risk
factors especially after emergency surgery. Treatment
should be further aimed at evaluation of the patient and the
cause of the hypoxemia should be investigated with appro-
priate studies: arterial blood gas, chest X ray, and, where indi-
cated, computed tomographic angiography (CTA).
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Hyperventilation/Hypocapnia
Supranormal tidal volumes (10–15 mL/kg) are typically
used to ventilate normal patients during an anesthetic.
However, patients with stiff lungs (e.g., following a major
burn) are typically ventilated with tidal volumes in the 5
to 7 mL/kg range. End-tidal carbon dioxide levels are
usually 3 to 5 mmHg lower than the arterial CO2 level.
This difference is often greater in the elderly due to increased
dead space (VD/VT). Decreased cardiac output may occur in
the PACU due to hypovolemia or myocardial depression.
When this occurs, increases in the alveolar dead space will
result. Simultaneously, a decrease in cardiac output also
further aggravates existing intrapulmonary shunts (atelecta-
sis, pulmonary edema, aspiration) and leads to worsening
hypoxia.

Airway Obstruction
Airway obstruction may occur in the postoperative period,
especially in those with a history of loud snoring or sleep
apnea. Elderly patients may have prolonged emergence
from anesthesia and a prolonged duration of neuromuscular
blockade drug effect, both of which can cause postoperative
airway obstruction.

These patients should receive supplemental oxygen.
Obstruction can be relieved with backward head tilt (contrain-
dicated in setting of C-spine injury) and anterior displacement
of the mandible (jaw thrust), and the use of nasal or oral
airways. Those that require constant attention to maintain a
patent airway are best reintubated.

Thromboembolism
Pulmonary embolus may account for 3% to 4% of deaths
after total joint replacement (34). The incidence of deep
vein thrombosis (DVT) has been reported as high as 70%
after total hip or knee replacement (48). If invasive monitor-
ing were initiated during the induction and maintenance of
anesthesia, careful attention to the hemodynamic variables
should be continued in the postoperative period. Acceptable
options for DVT prophylaxis are reviewed in Volume 2,
Chapter 56.

Circulatory Changes
Changes in the circulatory system in the elderly after emer-
gency surgery include dysrhythmias (Volume 2, Chapter 20),
alterations in blood pressure, myocardial infarction, and
congestive heart failure.

Blood Pressure Alterations
Hypotension and hypertension are the major circulatory
changes in the elderly after surgery. Hypertension usually
results from inadequate analgesia, but can also reflect
fluid overload, and/or prolonged cessation of antihyperten-
sive mediations. Hypertension can also occur when circulat-
ing catecholamines are elevated from respiratory failure,
cardiac failure or major intracerebral hemorrhage, and
aortic dissection. Hypotension may be secondary to
inadequate preload, decreased left ventricular function,
and/or decreased systemic vascular resistance.

Inadequate preload may be diagnosed by using
the central venous pressure (CVP) or an indwelling, pul-
monary artery (Swan–Ganz) catheter, or with the “gold
standard” TEE. The most common cause of inadequate
preload following surgery is blood loss, translocation of

fluid (“third spacing”), and inadequate intraoperative
resuscitation (49).

Decreased Myocardial Contractility
Decreased pump function may be secondary to myocardial
depressant effect of drugs (e.g., volatile anesthetic agents,
beta-blockers, calcium channel blockers, propofol, barbitu-
rates, and lidocaine). These effects are dose dependent. The
decrease in cardiac function may also be secondary to
myocardial ischemia. If the clinical signs or monitoring mod-
alities demonstrate findings consistent with myocardial
ischemia, for example, ST depression or elevation is seen
on electrocardiogram (ECG), or wall motion abnormalities
seen on TEE, then ischemia must be considered present
until proven otherwise. While corroborating the diagnosis
of ischemia, supportive treatment must commence immedi-
ately. These patients should have their MAP elevated
(i.e., treat with phenylepherine to maintain an MAP close
to baseline). They should also receive elective coronary
artery vasodilation (e.g., nitroglycerine) and have their
heart rate controlled (e.g., beta-blocker). Finally, troponin
levels should be measured and the patient should be evalu-
ated by a cardiologist and started on heparin and/or a plate-
let inhibitor unless contraindicated because of trauma
(e.g., intracerebral hematoma) (Volume 2, Chapter 19).

Dysrhythmias (Volume 2, Chapter 20) are common in
the elderly and may persist or become exacerbated in the
postoperative period. Sinus tachycardia, sinus bradycardia,
ventricular premature beats, ventricular tachycardia, and
arterial fibrillation are the more common arrhythmias
seen in the elderly. All of them may be responsible for a
decrease in pump function. Treatment, if necessary, is
aimed at maintaining normal perfusion pressures. Other
causes of dysrhythmias included hypoxia, hypercarbia,
metabolic alkalosis and acidosis, electrolyte imbalance, and
pre-existing heart disease.

Elderly populations, patients over 70 years of
age, have a 10-fold increase in the risk of myocardial
infarction and cardiac death when compared with younger
persons. Perioperative ischemia is related to periopera-
tive myocardial infarction, which is often difficult to diag-
nose (50). Postoperatively, several factors may confuse the
clinical presentation. Substernal pain may be absent second-
ary to analgesics or underlying diabetes. It may be confused
with painful stimuli from the surgical incision or poorly
characterized due to patient anxiety, confusion, pre-existing
dementia, and so on. Tachycardia may be caused by a variety
of factors including pain, hypotension, anxiety, and medi-
cations. Shivering and hypertension can increase myocardial
oxygen consumption. Hypoxemia or hypoventilation may
lead to ischemia, despite adequate coronary perfusion.
Cardiac dysrhythmias may have been present in the preopera-
tive period, and should be evaluated if hypotension and other
ECG changes persist. The ECG and elevations in troponins
are the most useful for diagnosing perioperative ischemia,
as CPK-MB may be released by tissues other than the heart
(51,52). However, troponins may be elevated following
cardiac surgery and following myocardial contusion as well
(Volume 1, Chapter 25 and Volume 2, Chapters 19 and 25) (53).

Therapy of postoperative myocardial ischemia must be
individualized. Appropriate monitoring must be initiated.
Pharmacologic intervention is indicated to treat ST changes
and/or pulmonary artery wedge pressure increases indicative
of myocardial ischemia. Ischemia, which is caused by spasm,
inadequate supply, or increased wall tension, responds well
to specific therapeutic agents.
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Decrease in Systemic Vascular Resistance
Hypotension can result from a decrease in systemic vascular
resistance if there is no appropriate and corresponding
increase in cardiac output. Factors responsible for a decrease
in vascular resistance include sympathetic blockade
after spinal or epidural, neurogenic (spinal cord trauma or
transection) drugs (excessive use of nitroprusside or nitro-
glycerin), preoperative use of antihypertensive drugs,
sepsis, anaphylaxis, vasomotor paralysis after removal of
an aortic cross-clamp, or a tourniquet.

Neurologic Considerations
Common neurologic conditions which may be seen early in
the postoperative recovery of the elderly include delirium,
agitation, exacerbation of dementia, and global cerebral
dysfunction. Less common are perioperative stroke and
failure to regain consciousness.

Delirium
Delirium may be characterized as abnormalities in memory,
cognition, perception, and thinking. Postoperative
delirium is more common in the elderly and can be an
ominous sign of a treatable underlying disease (40).
The most common causes in the elderly include cerebral
ischemia, anesthetic drugs, organic brain disease, psychiatric
disorders, endocrine and acid–base imbalance, and post-
operative pain. Language difficulties and covert drug
abuse are other confounders in postoperative delirium
(Table 8). The anesthetic agents which may be implicated
include ketamine (hallucinations and agitation) and anti-
cholinergic agents (atropine and scopolamine cross the
blood–brain barrier). Antidepressant and antipsychotic
drugs with significant anticholinergic activity may also

contribute to postoperative mental confusion: amitriptyline
(Elavilw), doxapram (Sinequanw), imipramine (Tofranilw),
nortriptyline (Aventylw), and chlorpromazine (Thorazinew)
are commonly associated with postoperative delirium.

Perioperative Stroke
The incidence of a new focal neurologic deficit during

the perioperative period may be increased 10-fold in the

elderly. This is presumably secondary to coexisting
cerebral or carotid vascular disease. Hypotension has been
implicated as a cause of perioperative stroke, as have throm-
botic and embolic events. A small study of patients with
transient ischemic attacks (TIAs) showed that a brief
period of hypotension, which was sufficient to produce
global ischemia (about a 60% decrease in systolic pressure),
did not unmask focal deficits nor did it produce a stroke.
A retrospective study found that 42% of all perioperative
strokes were cardiogenic in origin, that is, related to a
myocardial infarction (MI) or atrial fibrillation (54).

Nausea and Vomiting
Regardless of age, nausea and vomiting are the most
common morbidities seen in the recovery period. Risk
factors include female gender, obesity, history of motion
sickness, anxiety, type of induction, type of maintenance
agent, operative procedure and site, opioid analgesics, dur-
ation of surgery, preoperative alcohol or food intake, post-
operative pain, motion on transport, and a history of
postoperative emesis.

Treatment may be prophylactic and/or after the
problem has occurred. Multiple regimens exist to manage
this complication (55). There are several classes of drugs
which are used to treat nausea and vomiting, including
anticholinergics, antihistamines, serotonin (5-HT3) antagon-
ists, benzamides, butyrophenones, and phenothiazines.
The general use of these drugs is detailed in standard
anesthesiology textbooks. The elderly usually require
smaller doses; thus, treatment should be titrated to effect.

Postoperative Analgesia
The pharmacologic and pharmacodynamic changes associ-
ated with aging must be considered when selecting an
appropriate postoperative pain management intervention(s)
in the elderly. There is also an increased volume of distri-
bution, and blood concentrations needed for effect are gener-
ally lower. The beta elimination half-life of opioids is
prolonged in the elderly. The aim of pain management is
to reduce splinting, improve oxygenation, and facilitate
coughing after major abdominal and thoracic surgery.
Modalities for pain control include intrathecal and epidural
narcotics (in either a bolus or continuous infusion route),
patient-controlled analgesia, intercostal nerve blocks, skin
infiltration with local anesthetics (now in sustained-release
format, e.g., “Pain-Busterw”), and intramuscular injections.

Patient-Controlled Analgesia
The loading dose and infusion rate for patient-controlled

analgesia (PCA)–delivered analgesics generally need to be
decreased in the elderly. However, the lock-out time should
remain the same. All initial drug dosages should be
titrated with careful observation of the patient with sub-
sequent doses. The patient should be monitored continu-
ously with a pulse oximeter, and the bed position should
also be located near the nursing station, to increase the
level of observation and monitoring provided.

Table 8 Risk Factors for Postoperative Delirium and Intensive

Care Unit Psychosis

Category Risk factors

Pre-existing conditions Advanced age

Prior stroke or cognitive

impairment

Prior functional impairment

Hearing impairment

Visual impairment

Poor physical condition,

malnutrition

ASA class III/IV comorbidity

Alcohol abuse

Depression

Pre-existing liver or kidney disease

Conditions resulting

from trauma or

critical illness

Closed head injury

Drug intoxication and withdrawal

Inadequate analgesia

Sleep deprivation

Anticholinergic drugs

Acute renal or liver failure

Low serum albumin (from

resuscitation)

Abnormal electrolytes

(Naþ, Kþ, PO4
2 – , Ca2þ, Mg2þ)

Abnormal serum glucose

Immobility due to injury

Abbreviation: ASA, American Society of Anesthesiologists.
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Epidural and Spinal Analgesia
Epidural opioid analgesia produces segmental analgesia
without the concomitant motor, sensory, or autonomic
changes associated with the use of local anesthetics (56).
However, diluted concentrations of local anesthetics may
be added to the opioid and also given as a continuous infu-
sion. The dilute local anesthetic decreases the amount of
hypotension, motor block, and sensory block associated
with a more concentrated solution. This combination also
allows for a decrease in the amount of opioid used, thereby
decreasing the adverse effects of opioid drugs. The adverse
effects of opioid drugs include respiratory depression, pruri-
tis urinary retention, constipation, nausea, and vomiting. The
opioid-based side effects of epidural and spinal narcotics can
be reversed with naloxone or nalbuphine.

Wound Infiltration and Nerve Blocks
The use of wound infiltration, more recently by continuous
infusion via in-dwelling catheter inserted at the wound
site, and the use of nerve blocks to decrease postoperative
pain are advantageous, helping to decrease the amount of
parental analgesics, which may be required. Catheter inser-
tions for nerve blocks allow for reinjection or continuous
infusion of local anesthetic.

Intramuscular Injections
Intramuscular injection remains a common route of pain
control after surgery; however, it is uncomfortable, and not
the most effective mode of delivery. Factors that influence
the absorption of drugs include site of injection, muscle
perfusion, sex, age, temperature, pH, drug formulation,
hypotension, and the use of vasoconstrictors. The elderly
have a decrease in muscle mass and a decrease in perfusion
in the periphery. There is variable absorption after intramus-
cular meperidine, which is the most commonly used drug
for this route of pain management. In the first 24 hours
after intramuscular injections of meperidine are instituted,
at a dosage range of 100 mg given IM every three to four
hours, the drug concentrations are in the therapeutic range
for only 35% of the time (57).

REHABILITATION CONSIDERATIONS
FOR THE GERIATRIC PATIENT

Early mobilization in the injured elder is of major
importance in reducing risk of respiratory complications
including, but not limited to, atelectasis, pneumonia, and
pulmonary embolus. Early mobility also reduces the
risk of skin breakdown and the development of decubiti.
Not enough can be said for the benefits of early mobilization,
as it creates a major psychological lift, and promoting
the “will to live,” which is invaluable in treating the
geriatric population. Rehabilitation should include medical
evaluation, functional evaluation, social evaluation, and
rehabilitation therapy.

Medical Evaluation
Close follow-up and monitoring of predisposing medical
conditions is imperative, especially if an exacerbation or
decompensation of a medical condition was the direct cause
of the trauma. All discharge medications must be reviewed,
and deemed not to cause adverse drug reactions with pre-
existing prescription medications. Cognitive and functional

status should be a part of the post-trauma evaluation during
the rehabilitation phase.

Functional and Social Evaluation
Occupational therapists are integral members of the rehabi-
litation team for elderly trauma patients (Volume 2, Chapter
66). These specialists are trained in the assessment of the
elder’s ability to perform activities of daily living, and can
recommend the appropriate post-trauma therapy for those
who are unable to perform such activities. Occupational
therapy (OT) often involves re-learning some activities of
daily living (e.g., bathing, dressing, transferring, going to
the toilet, feeding oneself) that may be lost following
prolonged recovery from severe injury and/or illness.
Finally, occupational therapists (along with social workers)
help train the injured elder in coping and problem-solving
skills resulting from injury.

Social services and/or APS should evaluate elderly
patients and become involved when needed to assure that
living conditions, support systems, and financial factors
are satisfactory. Severe trauma or chronic illness often
results in the need for “assisted living” conditions.
However, optimal rehabilitation of the injured geriatric
patient involves return to independence as soon as possible,
as this is an important concern of previously autonomous
elderly.

Physical RehabilitationTherapy
Most injured elderly patients will require the services of
physical therapists as well (Volume 2, Chapter 66). Physical
therapy (PT) includes range-of-motion exercises, muscle
strengthening exercises, bed mobility training, transfer
training, and ambulation training. It is not uncommon, par-
ticularly for the geriatric patient beyond the seventh decade,
to not be fully independent even prior to hospitalization.
Accordingly, caregiver/family training is an important com-
ponent of PT/OT treatment sessions, as they must show
that they are able to care for the patient appropriately and
safely at home.

Recreational Therapy
This form of therapy becomes a mainstay in the injured elder
who requires long-term institutional care. The recreational
therapist uses group activities to foster socialization and
intellectual stimulation, as well as encouraging activities
that promote cardiovascular conditioning and overall well-
being. Assisting the elderly in outdoor activities, once it is
medically safe, is an important daily goal. However, care-
takers must assure the aged are protected from environ-
mental injuries such as severe sunburn or heatstroke (if left
unattended in direct sun for extended periods) or hypother-
mia (if left in cold environments for a prolonged duration
without proper clothing).

EYE TOTHE FUTURE

The Eastern Association for the Surgery of Trauma (EAST)
recently published guidelines on management of the geria-
tric trauma patient, based upon a review of literature
published between 1966 and 1999 (58). In a follow-up
review, Jacobs surveyed an additional 35 articles published
between 2001 and 2003. Both literature surveys, revealed a
paucity of RCTs addressing geriatric trauma. The bulk of
the geriatric trauma literature is retrospective in nature,
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eliminating the ability to make firm recommendations
for most injuries. Accordingly, much work needs to be
done in characterizing the elderly response to injury, and
in developing tools to assist this growing patient population.

Critical areas for future research regarding injured
elders include (i) improving early triage and resuscitation
algorithms and (ii) refining the management guidelines for
head, thoracic, and abdominal trauma. In addition, RCTs
are needed to determine which of the guidelines developed
for typical young trauma patients (age 25–35) can be applied
to the elderly population. Finally, specific algorithms need to
be refined for management of the elderly with stenotic
coronary arteries, those on anticoagulant medications, and
those with baseline pulmonary, renal, and hepatic disease,
as well as those on anticoagulation medications.

SUMMARY

Advancements in medical science have led to a lengthening
of the life span globally. As a result of this shift in demo-
graphics, trauma health care providers are likely to see
increasing numbers of elderly patients (59–61). Geriatric
patients already consume a significant portion of trauma
health care resources and there is little to suggest that this
utilization of trauma health care resources will abate in the
future.

Many elderly patients arrive for trauma care with
medical conditions that pre-existed the precipitating
trauma event. These pre-existing conditions complicate
trauma care. Indeed, many of the treatments for ailments
commonly affecting the elderly can result in adverse reac-
tions in the trauma unit if not recognized. Close attention
to the concerns of polypharmacy on trauma care is essential.

Even those elderly patients without significant
pre-existing medical conditions are at increased risk for
morbidity and mortality following trauma as a result of
the physiologic and anatomical changes related to aging,
which limit the patient’s ability to respond to the event
precipitating the trauma care (59,61).

In conclusion, elderly patients generally present with
less severe injuries than those sustained by younger
trauma patients. Despite this fact, mortality for any

given injury is far higher (59). Certain specific injuries such
as TBI (30) and rib fractures (32,60) are particularly lethal
injuries, with increased risk of pneumonia and decreased
overall outcomes. Careful consideration of how age-related
changes influence treatment in the OR and ICU is imperative
to ensure the optimal outcomes. This begins with timely
assessment, as well as early and aggressive treatment/
resuscitation (Table 9), along with early institution of
rehabilitation services (Volume 2, Chapter 66).

KEY POINTS

Although only 25% of all trauma fatalities occur in the
elderly, they have a much higher relative mortality for
any given injury, and consume 33% of the total
trauma health care resources (3,4).
Gerontologists have observed that rates of physiologic
aging and senescence vary markedly in older individ-
uals, meaning that chronological age is not necessarily
analogous to physiological age.
Cause and effect must be considered when evaluating
the traumatized geriatric patient. That is, did the
patient become disoriented, confused, or develop
syncope which resulted in the accident or did the acci-
dent result in brain injury, thereby causing disorienta-
tion and confusion?
The most frequent mechanism of injury in the elderly is
falling, usually due to mechanical reasons. However,
syncope is far more common in the aged than in
younger individuals (7).
The length of time between perceiving a hazard and
taking action to avoid it increases with aging due to
both the decrease in reaction time and a decrease in the
speed of performing risk-avoidance movements (22).
Paramedics may be the sole source to provide immedi-
ate and practical access to health information in some
elderly patients.
Manipulation and immobilization of the elderly on the
transport backboard and anchorage of the head and
hard cervical collar must be cautiously instituted to
avoid injury.
Oxygen supplementation is important in the elderly, as
there is an increased A–a gradient (Table 3) and an
increased incidence of cardiovascular disease in this
age group.
As the thermoregulatory set point is often below 378C
in normal elderly patients, caution should be taken to
avoid decreasing core temperature further.
Shock following trauma is caused by hemorrhage until
proven otherwise. Significantly, signs of early shock in
the elderly may be initially subtle.
The elderly are more fragile in terms of requiring
optimal preload, adequate coronary artery perfusion
pressure, and intolerance of tachycardia.
Manifestations of shock may present precipitously in
the elderly with minimal time for intervention
between the first signs of hypovolemia and overt shock.
The elderly on coumadin will have worse bleeding
from any given injury.
Many aged individuals have pre-existing neurologic
deficits, for example, residual weakness from a pre-
vious cerebral vascular accident or baseline dementia
from multiple prior strokes or an Alzheimer’s type of
primary dementia.

Table 9 Summary of Suggestions for Optimal Management of

Elderly Patients Following Trauma and Critical Care

Assume that the patients have limited physiologic reserve

Seemingly minor injuries may actually be life-threatening in the

face of limited physiologic reserve

“Stable” patients may become unstable quickly and with little

warning

Liberal use of head and abdominal computed tomography is

justified in diagnosing injuries

Early invasive hemodynamic monitoring often will provide

valuable diagnostic and resuscitation information

Early, aggressive oxygen use and mechanical ventilation will be

necessary in some patients

Continued monitoring of renal and hepatic function

Early initiation of enteral nutrition

Early mobilization and involvement of OT/PT and discharge

planning

Abbreviations: OT, occupational therapy; PT, physical therapy.
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Elderly TBI patients have a worse functional outcome
and increased mortality compared with younger
patients who present with the same or less severe
degree of TBI.
Cirrhosis is more common in the elderly, especially
those with a long history of alcoholism.
The elderly are more prone to fractures of all bones,
including thorax, spine, pelvis, and extremities (par-
ticularly the hip). Early fixation of hip fractures in the
elderly is an important management principle for
decreasing morbidity and mortality in patients who
are physiologically stable upon admission (34).
The elderly may develop severe retroperitoneal hemor-
rhage following relatively trivial pelvic or sacral fractures.
The elderly may be malnourished and suffer from
vitamin deficiencies, thus all the elderly should receive
IV thiamine, folate, and multivitamins with the first
bag of resuscitation fluid, much like a chronic alcoholic.
Many states have instituted mandatory elder abuse
reporting laws.
The anatomic and physiologic changes associated with
aging affect the dosing, potency, and duration of anes-
thetic drugs.
The plasma and extracellular fluid (ECF) concen-
trations of neuromuscular blocking (NMB) drugs are
increased in the elderly, and their elimination from
plasma is reduced (44).
The choice of anesthetic agent, or technique itself, does not
appear to be a major determinant of overall outcome.
However, monitoring intensity and attention to patient
response following various stresses are important.
Clinicians must assume that the geriatric trauma
patient with multisystem injuries has limited physio-
logic reserve and, as such, seemingly minor injuries
may prove life threatening.
In the elderly patient, excessively long surgical
procedures present an increased risk for postoperative
complications.
The elderly patient tends to become hypoxic more
easily, because of the effects of normal aging and pul-
monary diseases.
Elderly populations, patients over 70 years of age, have a
10-fold increase in the risk of myocardial infarction and
cardiac death when compared with younger persons.
Postoperative delirium is more common in the elderly
and can be an ominous sign of a treatable underlying
disease (40).
The incidence of a new focal neurologic deficit during the
perioperative period may be increased 10-fold in the
elderly.
The loading dose and infusion rate for patient-
controlled anelgesia (PCA) delivered analgesics gener-
ally need to be decreased in the elderly. However, the
lock-out time should remain the same.
Early mobilization in the injured elder is of major
importance in reducing risk of respiratory compli-
cations including, but not limited to, atelectasis, pneu-
monia and pulmonary embolus.

REFERENCES

1. Coronado VG, Thomas KE, Sattin RW, Johnson RL. The CDC
traumatic brain injury surveillance system: Characteristics of
persons aged 65 years and older hospitalized with a TBI. J
Head Trauma Rehabil 2005; 20(3):215–228.

2. United States Census Bureau. Census 2000 Summary File 1:
Matrices P13 and PCT12-Age Groups and Sex 2000. Washing-
ton, DC: United States Census Bureau, 2000.

3. Katz PR, Grossberg GT, Potter JF, et al. Geriatrics Syllabus for
specialists. New York: American Geriatrics Society, 2002.

4. Taylor MD, Tracy JK, Trauma in the elderly: intensive care unit
resource use and outcome. J Trauma 2002; 53(3):407–414.

5. Chobanian AV, Bakris GL, Black HR, et al. The seventh report
of the Joint National Committee on prevention, detection,
evaluation, and treatment of high blood pressure: The JNC
7 report. JAMA 2003; 289:2560–2572.

6. Fries JF, Crapo LM. Vitality and Aging. Freeman, 1981.
7. Jacobs DG. Special considerations in geriatric injury. Curr Opin

Crit Care 2003; 9(6):535–539.
8. Rubenstein LZ, et al. Falls in the elderly; a clinical approach.

West J Med 1983; 138:273–275.
9. Wolf E. Glare and age. Ophthalmology 1960; 64:502–514.

10. Andrease MEK. Color vision defects in the elderly. J Gerontol
Nurs 1980; 6(7):383–384.

11. Critcheley M. Neurologic changes in the aged. J Chronic Dis
1956; 3:459–477.

12. Small S. Age-related memory decline: Current concepts and
future directions. Arch Neurol 2001; 58:460–364.

13. Ge Y, Grossman RJ, Babb JS, et al. Age-related total gray matter
and white matter changes in normal adult brain. Part 1: Volu-
metric MR imaging analysis. Am J Neuroradiol 2002;
23:1327–1333.

14. Peters A. Structural changes that occur during normal aging of
primate cerebral hemispheres. Neurosci Biobehav Rev 2002;
26:733–741.

15. Murry MP, Seireg, Sepic S. Normal postural stability and stea-
diness; quantitative assessment. J Bone Joint Surg 1975;
57A:510–516.

16. Overstall PW, Exton-Smith AN, Imms FJ, Johnson AL. Falls
in the elderly related to postural balance. Br Med 1977; 1:
261–264.

17. Skinner HB, Barrack RL, Cook SD. Age-related decline in
proprioception. Clin Orthop 1984; 184:208–211.

18. Steiness I. Vibratory perception in normal subjects. Acta Med
Scand 1957; 158:315–325.

19. Azar GJ, Lawton AH. Gait and stepping as factors in the
frequent falls of elderly women. Gerontologist 1964;
4(2):83–84, 103.

20. Murry MP, Kory RC, Clarkson BH. Walking patterns in healthy
old men. J Gerontol 1969; 24:164–178.

21. Edholm OG. Studies of gait and mobility in the elderly. Age
Ageing 1981; 10:147–156.

22. Katzman R. Demography, definitions and problems. In:
Katzman R, Terry RD, eds. The Neurology of Aging. Philadel-
phia: FA Davis, 1983.

23. Serratrice G, Roux H, Aquaron R. Proximal muscle weakness in
elderly subjects. J Neurol Sci 1968; 7:275–299.

24. Caird FI, Andrews GR, Kennedy RD. Effect of posture on blood
pressure in the elderly. Br Heart J 1973; 35:527–530.

25. Baker SL. The preventability of falls. In: Muir Gray JA, ed.
Prevention of Disease in the Elderly. New York: Churchill
Livingstone, 1985.

26. Dragon R, Saranchak H, Lakin P, et al. Blunt injuries to
the carotid and vertebral arteries. Am J Surg 1981;
141:497–500.

27. Scalea TM, Simon HM, Duncan AO, et al. Geriatric blunt
multiple trauma: Improved survival with early invasive
monitoring. J Trauma 1990; 30:129–136.

28. Mathru M, Esch O, Lang J, et al. Magnetic resonance imaging of
the upper airway: Effects of propofol anesthesia and nasal
continuous positive airway pressure in humans. Anesthesiol-
ogy 1996; 84:273–279.

29. Dutton RP, McCunn M, Hyder M, et al. Factor VIIa for correc-
tion of traumatic coagulopathy. J Trauma 2004; 57(4):709–719.

30. Susman M, DiRusso SM, Sullivan T, et al. Traumatic brain
injury in the elderly: Increased mortality and worse functional
outcome at discharge despite lower injury severity. J Trauma
2002; 53(2):219–224.

Chapter 37: Geriatric Trauma 745



31. Ohm C, Mina A, Howells G, et al. Effects of antiplatelet agents
on outcomes for elderly patients with traumatic intracranial
hemorrhage. J Trauma 2005; 58(3):518–522.

32. Bulger EM, Arneson MA, Mock CN, et al. Rib fractures in the
elderly. J Trauma 2000; 48(6):1040–1047.

33. Gundry SR, Williams S, Burney RE, et al. Indications for aorto-
graphy in blunt thoracic trauma: A reassessment. J Trauma
1982; 22:664–671.

34. Rogers FB, Shackford SR, Keller MS. Early fixation reduces
morbidity and mortality in elderly patients with hip fractures
from low-impact falls. J Trauma 1995; 39(2):261–265.

35. http://www.aoa.dhhs.gov/abuse/report (accessed 15 July 2005).
36. http://www.elderabusecenter.org/basic/index.html. Accessed

15 July 2005.
37. Luce JM. Ethical principles in critical care. JAMA 1990;

263:696–700.
38. Steinbrook R, Lo B. Decision making for incompetent patients

by designated proxy. N Engl J Med 1984; 310:1598–1601.
39. Raffin TA. Value of the living will. Chest 1980; 90:444–446.
40. Greco PJ, Schulman KA, Lavisso-Mourey R, Hansen-Flaschen

J. The Patient Self-Determination Act and the future of
advance directives. Ann Intern Med 1991; 115:639–643.

41. Luce JM, Alpers A. End-of-life care: What do the American
courts say. Crit Care Med 2001; 29:N40–N45.

42. Quill TE. Terri Schiavo: A tragedy compounded. N Engl J Med
2005; 352(16):1630–1633.

43. Shafer S. Pharmacology of anesthetic drugs in elderly patients.
Anesth Clin North Am 2000; 18:1–29.

44. Lien CA, Matteo RS, Ornstein E, et al. Distribution, elimination,
and action of vecuronium in the elderly. Anesth Analg 1991;
73:39–42.

45. Zaugg M, Tagliente T, Lucchinetti E, et al. Beneficial
effects from beta-adrenergic blockade in elderly patients
undergoing non-cardiac surgery. Anesthesiology 1999; 91:
1674–1686.

46. Wei JY. Aging and the cardiovascular system. N Eng J Med
1992; 327:1735–1739.

47. Abrams WB, Beers MH, Berkow R, et al., eds. The Merck
Manual of Geriatrics. 2nd ed. Merck Research Laboratories,
1995, ISBN 0-911910-66-2.

48. Salzman EW, Hirsch J. Prevention of venous thromboembo-
lism. In: Coleman RW, Hirsch J, Marder V, Salzman EW, eds.
Haemostasis and Thrombosis. Philadelphia: Lippincott,
1987:1252.

49. Gravenstein N. Manual of Complications During Anesthesia.
Philadelphia: Lippincott, 1991:189–190.

50. Slogoff S, Keats AS. Does perioperative myocardial ischemia
lead to peri-operative myocardial infarction? Anesthesiology
1985; 62:107–114.

51. Marcantonio ER, Juarez G, Goldman L, et al. The relationship of
postoperative delirium with psychoactive medications. JAMA
1994; 272:1518–1522.

52. Parikh SS, Chung F. Postoperative delirium in the elderly.
Anesth Analg 1995; 80:1223–1232.

53. Swaanenburg JC, Klaase JM, DeJongste MJ, et al. Troponin I,
troponin T, CKMB activity and CKMB mass as markers
for the detection of myocardial contusion in patients
who experienced chest trauma. Clin Chim Acta 1998; 272:
171–181.

54. Hart R, Hindman B. The majority of these strokes occurred in
the postoperative period. Stroke 1982; 13:766.

55. Haynes GR, Bailey MK. Postoperative nausea and vomiting:
review and clinical approaches. South Med J 1996; 89:
940–949.

56. Cousin MJ, Mather LE. Intrathecal and epidural administration
of opioids. Anesthesiology 1984; 1:276.

57. Austin KL, Stapleton JV, Maher LE. Multiple intramuscular
injections: A major source of variability in analgesic response
to meperidine. Pain 1980; 8:47–51.

58. Jacobs DG, Plaisier BR, Barie PS, et al. Practice management
guidelines for geriatric trauma: The EAST Practice Manage-
ment Guidelines Work Group. J Trauma 2003, 54:391–416.

59. Hannan E, Waller C, Farrell L, Rosati C. Elderly trauma inpatients
in New York State: 1994–1998. J Trauma 2004; 56(6):1297–1304.

60. Bergeron E, Lavoie A, Clas D, et al. Elderly trauma patients
with rib fractures are at greater risk of death and pneumonia.
J Trauma 2003; 54(3):478–485.

61. Dangleben D, Salim Ali, Grossma D, et al. Nonagenarians and
trauma: An increasingly common combination. J Am Geriat Soc
2005; 53(4):729–731.

746 Williams et al.



38

Obstetric Trauma

Shobana Chandrasekhar
Department of Anesthesiology, Baylor College of Medicine, Ben Taub General Hospital, Houston, Texas, U.S.A.

Richard Driver
Department of Anesthesiology, West Virginia University School of Medicine, Morgantown, West Virginia, U.S.A.

William C. Wilson
Department of Anesthesiology and Critical Care, UC San Diego Medical Center, San Diego, California, U.S.A.

Lisa A. Williamson
Department of Obstetrics and Gynecology, UC Irvine Medical Center, Irvine, California, U.S.A.

David Tomlinson
Department of Anesthesiology, West Virginia University School of Medicine, Morgantown, West Virginia, U.S.A.

INTRODUCTION

Trauma care of the parturient involves evaluation and
resuscitation of two individuals (mother and fetus) and
occasionally perimortem cesarean section to promote fetal
survival despite mortal wounding of the mother. The
primary principle in management of the traumatized
parturient is prompt and sustained resuscitation of the
mother, thereby providing the best opportunity for a
favorable outcome for both the mother and the fetus.

Management of the pregnant trauma patient is
challenging because pregnancy imposes physiologic altera-
tions that complicate both evaluation and resuscitation.
Additionally, advanced pregnancy may influence the
pattern of injuries sustained due to uterine displacement of
intra-abdominal structures. This chapter reviews the import-
ant information that must be understood by all members of
the trauma team to assure the best possible outcome.

EPIDEMIOLOGYOF TRAUMA DURING PREGNANCY

Trauma is the most common nonobstetrical cause of maternal
and fetal mortality affecting 6% to 7% of pregnancies (1,2).
Maternal mortality from trauma during pregnancy is not sig-
nificantly greater than that of the nonpregnant population;
however, resuscitation is more complex (3). Furthermore, sig-
nificant fetal vulnerability exists, with fetal death exceeding
maternal mortality by three- to ninefold (4).

The chief mechanisms of trauma during pregnancy
include motor vehicle accidents (approximately two-thirds
of cases), falls, assaults, suicide, and burn injury (5). The
leading risk factors for fetal mortality include: (i) maternal
death, (ii) overall maternal injury severity, (iii) presence of
severe abdominal injury, and (iv) the presence of hemorrha-
gic shock (6).

In high-speed accidents, the protuberant abdomen
of a pregnant woman is prone to injury, with increased

risk to the uterus and fetus after 20 weeks of pregnancy,
as the uterus emerges out of the protective pelvis. Seat
belt restraints have significantly improved both maternal
and fetal outcomes (7). However, the lack of information
regarding proper seatbelt use and its correct placement
continues to be a problem contributing to injury (8). Preg-
nant women should wear a three-point restraint during
automobile travel, and the lower portion of the seatbelt
should be across the lap and not over the dome of the
uterus.

PHYSIOLOGIC CHANGES OF PREGNANCY
Cardiovascular
In pregnancy, cardiac output, heart rate, and plasma volume all
increase, whereas the systemic vascular resistance decreases
(Table 1). Cardiac output increases by 30% to 40%, reaching
approximately 6 L/min by the second trimester (9). The
total intravascular volume increases to 40% to 50%
above nonpregnant values at term. The resting heart
rate increases to 15 to 20 beats per minute, and blood
pressure, particularly diastolic blood pressure, declines
by 5 to 10 mmHg in the first trimester but returns toward
baseline by term (10).

Central venous pressure (CVP), as measured in the
right atrium, does not change significantly. However, com-
pression of the inferior vena cava by the gravid uterus
increases femoral venous pressure by as much as
20 mmHg by term (11). Pulmonary artery pressures remain
unchanged from nonpregnant values and pulmonary capil-
lary wedge pressures (PCWP) increase slightly from 6 to
8 mmHg (12,13). There is a decrease in systemic and pul-
monary vascular resistance from 1300 to 800 dynes . cm/
sec5 and from 119 to 78 dynes . cm/sec5, respectively (14).
Physiolgic electrocardiogram (ECG) changes associated
with pregnancy include left axis deviation and Q waves in
leads III and a VF.
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Aortocaval Syndrome
The supine hypotensive syndrome was first described in
1969, and the benefit of left uterine displacement was
demonstrated for the first time for the parturient beyond
24 weeks of gestation (15). In the supine position the

gravid uterus can occlude the inferior vena cava and
the abdominal aorta after 20- to 24-week gestation.
The supine hypotensive syndrome is now simply referred
to as aortocaval compression. In fact, aortocaval com-
pression itself can lead to cardiopulmonary arrest for the cri-
tically ill. Since perfusion is dependent on the venous return
as well as the forward flow through the aorta, successful
resuscitation is unlikely if the vena cava is occluded. Accord-
ingly, unless spinal cord trauma is suspected, the parturient
should be transported and evaluated on her left side.

Uterine Blood Flow Autoregulation
Uterine blood flow in the term pregnancy is approximately
700 mL/min and represents 10% of the cardiac output. The
maintenance of uterine blood flow is vital, because it is the
primary determinant regulating the passage of critical
substances across the placenta to the growing fetus. Under
normal conditions, the uterine vascular bed is maximally
dilated and is not autoregulated, so flow is proportional to
the mean perfusion pressure. The uterine blood flow is
determined by the following relationship:

Uterine blood flow ¼
Puterine artery � Puterine vein

Uterine vascular resistance

Decreased mean arterial pressure (MAP) leads to
decreased uterine arterial pressure; increased uterine
venous pressure and increased uterine vascular resistance
can all cause decreased uterine blood flow and placental per-
fusion. After 20- to 24-week gestation when the fundal
height is at, or above, the level of the umbilicus, the gravid
uterus begins to mechanically compress the vena cava in
the supine position. Later, even the aorta can become com-
pressed by the supine uterus, resulting in obstruction of
afferent and efferent blood flow. Occlusion of the inferior

vena cava causes an acute decrease in cardiac preload and,
as a result, may decrease cardiac output by as much as
30%, resulting in hypotension (16). Some collateral venous
return occurs through the paravertebral and azygos veins.
Vena caval compression, compounded by impingement of
the aortic and common iliac arterial flow from the weight
of the gravid uterus, results in a decrease in cardiac output
and blood pressure. This compromised uteroplacental
blood flow results in insufficient fetal perfusion. Effective
management includes placing the patient in 158 left lateral
tilt, thereby deflecting the lie of the uterus away from the
vena cava (17). In cases of intractable hypotension, the left
lateral decubitus position or even emergency cesarean
section may be required to augment cardiac preload.

Respiratory System
The respiratory changes associated with pregnancy are sum-
marized in Table 2. The increased oxygen demands of

pregnancy and the decreased oxygen reserve [due to
lowered functional residual capacity (FRC)] (18) predispose
the parturient to hypoxemia sooner than the nonpregnant
patients. This propensity (to desaturate more quickly
than nonpregnant patients) can be exacerbated by trauma
as well as other conditions, including obesity (19). In the
term parturient, 60 seconds of apnea will result in a 36%
decline in oxygen tension compared with the 11% in the
nonpregnant patient, causing arterial oxygen desaturation
three times faster in the parturient (19). Preoxygenation
with 100% oxygen for three to five minutes prior to induc-
tion of general anesthesia is essential to prevent arterial
hypoxemia during airway manipulation and intubation.
Alternatively, four or five vital capacity breaths can be
used, particularly when there is insufficient time for full
preoxygenation in a trauma victim.

Breast enlargement, increased antero-posterior diameter
of the chest (20), congestion and friability of nasal and orophar-
yngeal mucosa (21), and a decrease in diameter of the glottic
opening due to periglottic swelling (particularly in pre-eclamp-
sia) can make intubation more difficult during pregnancy.

Careful preparation prior to airway management
includes the following: (i) ramping the patient into a good
“sniff” position, (ii) using short handle laryngoscope
blades, (iii) smaller sized styletted endotracheal tubes (7.0
or less), and (iv) the immediate availability of alternate
airway equipment (e.g., the laryngeal mask airway, fiber-
optic bronchoscope, and combitube).

Table 2 Respiratory Parameters in Term Pregnancy

Index

Nonpregnant

(70 kg) Pregnant

TV (mL) 500 650

RR (breaths/min) 12–15 14–18

MV (L/min) 6 9

VA (L/min) 4.5 7.5

VO2 (cm3/min) 250 325

FRC (L) 2.3 1.7

VC (L) 4–5 4–5

Abbreviations: FRC, functional residual capacity; MV, minute

ventilation; RR, respiratory rate; TV, tidal volume; VA, alveolar

ventilation; VC, vital capacity; VO2, oxygen consumption.

Source: From Refs. 9, 18, 21.

Table 1 Cardiovascular Parameters in Pregnancy

Index Nonpregnant Pregnant

HR (beats/min) 70 85

SBP sitting (mmHg) 108 106

SBP lying (mmHg) 106 104

DBP sitting (mmHg) 75 71

DBP lying (mmHg) 70 66

CVP (mmHg)

RAP supine 3–5 3–5

FEM supine 3–5 10–20

SVR (dynes . cm/sec5) 1300 800

PVR (dynes . cm/sec5) 119 78

PCWP (mmHg) 6 8

PAP (mmHg) 15–30/4–12 No change

CO (L/min) 5.4 8.6 (third trimester)

Abbreviations: CO, cardiac output; CVP, central venous pressure; DBP,

diastolic blood pressure; FEM, femoral vein pressure; HR, heart rate;

PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge

pressure; PVR, pulmonary vein resistance; RAP, right arterial pressure;

SBP, systolic blood pressure; SVR, systemic vascular resistance.

Source: From Refs. 6, 7, 9–12.
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Renal
The increased blood volume in pregnancy results in an
increased renal blood flow and an increased glomerular
filtration rate (GFR). As a result, the excretion of metabolic
products (protein, glucose) may exceed the tubular reab-
sorption capacity. Blood urea nitrogen (BUN) and creatinine
are decreased to about 10 and 0.4 to 0.7 mg/dL, respectively.

Pregnancy-induced changes include partial ureteral
obstruction by the gravid uterus and smooth muscle
relaxation by progesterone. This creates a physiologic hydro-
nephrosis. Pregnant women are more susceptible to urinary
tract infections. As women who sustain trauma often have
urinary catheters, pyelonephritis must be considered in the
case of temperature spike in a trauma patient.

Fluid, Electrolyte, and Acid^Base Changes
Pregnancy is associated with multiple electrolyte changes as
well (Table 3). Serum sodium decreases slightly. Serum
potassium decreases but returns to baseline by term.
Maternal hyperventilation during the second trimester
promotes a decrease in maternal arterial carbon dioxide
tension. (PaCO2) from 40 to 30 mmHg. The lowered PaCO2

promotes a compensatory decrease in bicarbonate to
21 mEq/L in the kidneys to maintain pH neutrality (22)
(Table 3). These values are important in interpreting arterial

blood gases in a pregnant trauma victim, as a PaCO2 of
40 mmHg in pregnancy represents maternal acidosis and
concomitant fetal acidosis.

Serum cholinesterase activity decreases by 30% and
remains depressed during the postpartum period.
However, recovery time from paralysis induced by succinyl-
choline is only minimally prolonged in pregnancy when
used in appropriate doses (23).

Hematologic
Plasma volume increases by approximately 40% to 50%
during pregnancy (Table 4). Red cell mass also increases,
however to a lesser degree than the plasma, leading to a
decrease in overall hematocrit (HCT). This is known as the
“physiologic anemia of pregnancy.” There is an increase
in many plasma globulins and fibrinogen levels are
twice those of the nonpregnant state (24). Additionally,
coagulation factors V, VII, VIII, IX, X, and XII are all
increased by third trimester (25). These changes result in a
shortened prothrombin time (PT) from 13.5 seconds at 60
days gestation to 11.2 seconds at term. Partial thromboplas-
tin time (PTT) is shortened only slightly. Pregnancy is a
“hypercoagulable” state and pregnancy imparts a higher
risk of deep venous thrombosis (DVT) and pulmonary

embolism (PE). The combination of impaired venous
return and alterations in the clotting cascade may contribute
to this increased risk. The incidence of DVT and PE is further
increased by trauma in the obstetric patient, and appropriate
prophylaxis should be administered (“Embolism”).

The physiologic leucocytosis of pregnancy (compris-
ing mostly polymorphonuclear cells) (25) and an elevated
erythrocyte sedimentation rate (ESR) may obscure the diag-
nosis of post-traumatic or postoperative infections.

Gastrointestinal System
Although controversial, elevated progesterone levels are
attributed to slowing of gastrointestinal (GI) motility and
reduction of lower esophageal sphincter tone, resulting in
an increased risk of aspiration. Placental gastrin increases
acid secretion in the maternal stomach. Delayed gastric emp-
tying is exacerbated by pain or anxiety and the use of narco-
tics or anticholinergics. Trauma slows gastrointestinal transit
time further, and hence special consideration for increased
aspiration risks should be given, including appropriate
prophylaxis and cricoid pressure during induction.

INITIAL ATLS� ASSESSMENTOF THE
TRAUMATIZED PARTURIENT
Primary Survey in Obstetric Trauma
The primary goal in the management of a pregnant trauma
patient is evaluation and stabilization of vital signs. Paying
attention to the mother takes precedence over the fetus as
maternal injuries may be overlooked. Whenever possible, the
parturient should be monitored and evaluated on her left side.

Primary survey in the parturient begins the same as in
a nonpregnant individual: airway, breathing, circulation,
disability, and exposure (ABCDE) (Table 5). There are few
differences in the parturient regarding the disability and
exposure issues. Accordingly, this review will focus upon
the differences in management of airway, breathing, and
circulation in the parturient.

Airway
Airway evaluation and management is the first priority
during initial resuscitation. Some trauma victims require

Table 3 Arterial Blood Gas and Electrolyte Parameters

During Pregnancy

Index Nonpregnant Pregnant

pH 7.37–7.44 7.40–7.45

PaCO2 (mmHg) 35–45 27–32

PaO2 (mmHg) 80–100 102–108

HCO3 (mEq/L) 24 20

SpO2 (%) 98 98

Na (mEq/L) 138.7 136.7

K (mEq/L) 4.26 3.87 (28 weeks);

4.21 (term)

Ca (mEq/L) 10 9

BUN/Creat 20/1 15/0.6

Abbreviations: BUN, blood urea nitrogen; Ca, serum calcium; Creat, serum

creatinine; HCO3, bicarbonate, K, serum potassium; Na, serum sodium;

PaCO2, arterial carbon dioxide tension; PaO2, arterial oxygen tension;

SpO2, oxygen saturation.

Source: From Refs. 8, 23, 25.

Table 4 Hematologic Parameters in Pregnancy

Index

Nonpregnant

(70 kg)

Pregnant

(term)

HGB (g/dL) 12–14 11–12

HCT (%) 37 35

BV (L) 2.6 3.8

WBC (cells/mL) 7200 10,300

Platelets (cells/mL) 150–400,000 Normal or decreased

Coagulation factors Normal Increased factors I, VII,

VIII, IX, X, XII

PT and PTT Normal Shortened by 20%

Abbreviations: BV, blood volume; HCT, hematocrit; HGB, hemoglobin;

PT, prothrombin time; PTT, partial thromboplastin time; WBC, white

blood cell.

Source: From Refs. 9, 18, 20, 21.
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only simple maneuvers including administration of sup-
plemental oxygen. However, tracheal intubation is required
in the setting of persistent hypoxemia, airway obstruction,
impaired laryngeal reflexes, or altered mental status.

Application of a cervical collar to maintain the head and
neck in a neutral position is important. In a spontaneously
breathing cooperative patient an awake fiberoptic intubation
is recommended if the airway is difficult, or if there is evidence
of cervical spine injury (Volume 1, Chapter 9). However, based
upon favorable experience in nonpregnant trauma patients,
rapid sequence induction with cricoid pressure and orotra-
cheal intubation is recommended in the obtunded or unco-
operative parturients without a recognized difficult airway
(26). Additionally, the cooperative parturients should receive
pharmacologic aspiration prophylaxis if a rapid sequence
technique is chosen. An oral nonparticulate antacid (e.g.,
bicitra) is a suitable prophylaxis choice if time and conditions
allow. Other trauma airway considerations are similar to those
utilized in the nonparturients (e.g., preoxygenation for three to
five minutes with 100% oxygen supplementation, application
of cricoid pressure by an assistant, maintenance of in line
stabilization, etc.).

Standard cardiopulmonary resuscitation (CPR) proto-
cols are also useful. However, in pregnant patients,
endotracheal intubation should be performed sooner rather
than later to protect the airway from aspiration. The
altered anatomy of the pregnant airway increases the risk

of a failed intubation, especially in patients with pregnancy
induced hypertension (PIH) or diabetes mellitus.
Additional equipment such as a short handle laryngoscope,
laryngeal mask airway, combitube, and a cricothyroidotomy
set may prove to be exceptionally useful.

Breathing
Minute ventilation increases during pregnancy secondary to
increased tidal volume, which results from progesterone’s

effect on respiratory drive. A decrease in FRC due to the
enlarging uterus impinging on the diaphragm and the
increase in oxygen demand caused by the gravid uterus
and growing fetus predispose pregnant women to a rapid
oxygen desaturation during periods of hypoventilation.

The respiratory alkalosis of pregnancy results in
a compensatory renal excretion of bicarbonate. This
diminishes the buffering capacity. During periods of hypo-
ventilation and hypoperfusion in a pregnant trauma victim
metabolic acidosis rapidly develops. Hence, hypoxemia
must be expeditiously corrected.

Circulation
Circulatory issues in the pregnant patient include establish-
ment of two large bore intravenous catheters, as assessment
and local control of any known bleeding problems.
Pregnancy-specific considerations involve monitoring and
evaluating the patient with left uterine displacement (to
prevent aortocaval syndrome), and increased need for fluid
repletion over the nonparturients. Indeed, due to the increased
intravascular volume of pregnancy, the parturient, may lose
large quantities of blood before tachycardia or other signs of
hypovolemia occur. Meanwhile the fetus may be suffering
from hemorrhagic shock. Accordingly, generous adminis-
tration of intravascular volume is generally appropriate.

Disability and Exposure
Disability in ATLS parlance refers to neurological disability.
The stage of pregnancy does not appear to affect the severity
of central nervous system injuries in the mother. Trauma
management requires the complete undressing of the
patient for careful inspection of all body surface areas to be
sure that no injuries are missed. These topics (disability
and exposure) are not different from that of the normal
population (see Volume 1, Chapter 8).

Table 5 ATLSw Primary Survey—Amended for Pregnant Patient

ATLS (system) Resuscitation maneuver Obstetric application

A (airway) O2 supplementation

RSI with cricoid pressure

ETT

Augment SV and early ETT with physician

controlled BMV

Aspiration risk

Mucosal edema (esp. PIH) ! small ETT

B (breathing) " FiO2 and " VE required

PaCO2 maintained between 30 and

35 mmHg

Decreased FRC

" VO2 of mother and fetus

Uteroplacental perfusion decreased if maternal

PaCO2 are too low

C (circulation and

hemorrhage control)

Aggressive volume resuscitation

LUD

Avoid LE catheters

ID and control bleeding

Beware of DVT/PE as source of

hemodynamic instability/arrest

Pregnancy related " ‘d blood volume needs

" ‘d resuscitation volume.

Prevents aortocaval compression

Caval compression impedes LE venous return

Rule out obstetric causes of hemorrhage

Pregnancy is a hypercoagulable stat

D (neurologic deficit) C-spine precautions

Assess consciousness and R/O

focal deficits

As in general population

R/O obstetric reasons (e.g., eclampsia, SAH,

cortical vein thrombosis)

E (exposure and

environment)

Examine entire body

Aggressively treat hypothermia

Fetal assessment by Doppler ultrasound

Maternal hypothermia causes uteroplacental

ischemia

Abbreviations: BMV, bag mask ventilation; C-spine, cervical spine; DVT, deep venous thrombosis; ETT, endotracheal tube; FiO2, fraction of

inspired oxygen concentration; FRC, functional residual capacity; ID, identify; IV, intravenous; LE, lower extremity catheters; LUD, left

uterine displacement; O2, oxygen; PaCO2, arterial carbon dioxide tension; PE, pulmonary embolism; PIH, pregnancy induced hypertension;

R/O, rule out; RSI, rapid sequence induction; VE, minute ventilation; VO2, oxygen consumption.
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Secondary Survey in Obstetric Trauma
Evaluation of the Mother
Secondary survey of the parturient proceeds analogously
to the technique used in nonpregnant individuals. The
pregnancy-specific evaluation and management consider-
ations are reviewed for several important specific maternal
injuries in the section titled “Specific Maternal Injuries and
Management.” Similarly, indications for ultrasound or
diagnostic peritoneal lavage (DPL) are the same; however,
DPL should be performed above the umbilicus to avoid
uterine injury. Additionally, continuous vigilance for
uterine contractions suggesting early labor or abruption is
critical. Finally, the presence of amniotic fluid in the
vagina, suggested by pH 7 to 7.5, indicates that the chor-
ioamniotic membranes may have been ruptured.

Evaluation of the Fetus
The factors that cause fetal morbidity and mortality in
maternal trauma include maternal shock, hypoxemia, abrup-
tion, uterine rupture, direct fetal trauma, and preterm deliv-
ery. Maternal trauma may affect the fetus even when the
abdomen is not affected. Furthermore, fetal death can occur
following even minor trauma, and correlation with the
extent of injury is not definitive. Minor injuries (e.g., slip or
fall) can lead to fetal death, usually due to incomplete or com-
plete separation of the placenta from the uterine wall (i.e.,
abruption). As a result, fetal monitoring (probably) including
fetal ultrasonography (US) for bradycardia, tachycardia, and
placental integrity is essential in the emergency department
regardless of the severity of the injury. The following facts
about the fetus in maternal trauma need to be appreciated:

B The major cause of fetal death is maternal death. The
fetal mortality approaches 80% in cases of maternal
shock (27). When the mother survives, the major
cause of fetal death is complete (6–66% of cases) or

incomplete (30% to 80% of cases) placental separation
(abruption) (27).

B Ultrasound is of benefit to establish gestational age and
placental localization, determine fetal wellbeing or
demise, and estimate amniotic fluid volume. Serial
ultrasounds are helpful in corroborating evidence of
placental abruption such as retroplacental hematomas
and marginal sinus ruptures.

Laboratory Studies in the Traumatized Parturient
Trauma laboratory studies in the parturient are mainly the
same as in nonpregnant individuals, including HCT,
type and cross, arterial blood gas (ABG), U/A, and so on.
(Volume 1, Chapter 8). However, the parturients who have
experienced abdominal trauma are four to five times more
likely to have a maternal-fetal hemorrhage (MFH) (28).
Accordingly, the Kleihauer–Betke Test (KBT) should be
used to determine if MFH has occurred and to estimate the
extent of MFH. The KBT screens for the presence of fetal
cells in maternal circulation. Unfortunately, reliability
issues continue to plague this test. Women who are Rh
negative should receive RhoGAM following abdominal
trauma, even if the KBT test is negative. One ampoule of
RhoGAM (300 mg) will prevent most Rh-negative women
from developing isoimmunization.

Imaging Studies in the Traumatized Parturient
Radiologic procedures are required to safely manage pregnant
trauma patients. However, whenever possible, radiological ex-
posure should be minimized. Properly performed radiologic

studies expose the fetus to only low dose radiation; lead
shielding of maternal abdomen and well-collimated beams
can decrease the dose of radiation delivered to the fetus.

In pregnancy, low dose radiology is defined as
conventional radiography of the extremity, head, or chest,
computed tomography (CT) of the head, and magnetic
resonance imaging (MRI). For example, a plain chest radio-
graph exposes the fetus to less than 10 mGy. CT of the
chest is also considered low dose as long as the study is
tailored to avoid direct exposure of the fetus. High dose
emergency radiology consists of abdominal or pelvic
radiography, angiography, and CT of the abdomen (e.g.,
roughly 0.2% to 0.8% for pelvic CT delivering a 50-mGy
dose to the fetus) (29). Nuclear medicine studies may
deliver high or low doses depending on the pharmaceutical,
the condition of the patient, and the amount of activity
administered. Radiologic procedures needed for the
diagnosis and safe management of the pregnant patient
should be performed, but with due concern to minimize
fetal exposure.

Trauma patients with multiple injuries or suspected
intra-abdominal trauma, will receive US to rule out blood
in the abdomen, pelvis and pericardium, the so-called
focused assessment sonography in trauma (FAST) exam
(Volume 1, Chapters 16 and 27). In the parturients, the ultra-
sound can also be used to assess fetal viability, estimated
age, and the condition of the uterus. Alternatively,
DPL can also be performed in unstable patients. However,
the incision should be made above the umbilicus in the
pregnant population (30). Although the DPL has a high
sensitivity for hemoperitoneum, it is not organ-specific,
and does not allow for any specific evaluation of the
fetus (31).

Spiral CT is an excellent rapid screening test for hemo-
dynamically stable patients. If significant abdominal injuries
are suspected, CT is preferred. It is also more sensitive and
specific for diagnosis of certain injuries (e.g., the pancreas,
retroperitoneal hemorrhage, etc.) (32). Spiral CT can also
demonstrate uterine rupture, placental separation (partial
or complete), and fetal injuries. Significant perfusion
defects in the placenta on a CT scan are suggestive of fetal
ischemia due to ureteroplacental insufficiency and are a
negative prognosticator of fetal survival (even following
relatively normal appearing sonography) (33).

MRI is the most accurate imaging modality, particu-
larly for evaluating suspected neural injuries in the mother.
However, acutely injured patients may not be stable for
transport to MRI, and the magnet may not be immediately
available.

CARDIOPULMONARY RESUSCITATION CONSIDERATIONS

Cardiac arrest is a rare occurrence in the nontraumatized
pregnant patient, but when it occurs, the maternal mortality
is 10% (34). A short interval between cardiac arrest and the
start of resuscitative efforts, as well as the expertise of the
involved care providers, will affect the likelihood of survival
of both mother and fetus.

The potential causes of cardiac arrest in pregnancy are
inadequate ventilation from airway misadventures, hemor-
rhage, ventilation/perfusion mismatch, anesthetic-related
severe PIH, drug-related trauma, intracranial hemorrhage,
heart disease, and malignant hyperthermia.

The basic goals of ventilation and perfusion in the basic
life support (BLS) protocol for CPR are difficult to achieve
during pregnancy. The increased metabolic demands and
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minute ventilation impose a high oxygen consumption
necessitating oxygen supplementation. Decreased FRC
limits oxygen uptake while the gravid uterus compresses
the vena cava, reducing cardiac output. Left uterine
displacement should be instituted as soon as possible.

Cardiopulmonary ResuscitationçOpen vs. Closed
During CPR, even the best quality chest compressions yield
only 30% of nonpregnant cardiac output, when the parturient
is placed supine (35). Furthermore, left uterine displacement
(to relieve aortocaval compression) makes chest compression
even less effective (36). The most recent guidelines
for CPR in pregnancy advise early cesarean delivery of the
fetus within four minutes of arrest if the uterus is large

enough to cause hemodynamically compromising aortoca-
val compression (i.e., beyond 24-week gestation).

In the parturients, open chest cardiac massage yields a
higher cardiac output than closed chest massage. However,
there is an absence of firm guidelines regarding the
optimal timing of open cardiac massage. Our practice is to
delay open chest massage until conventional resuscitative
techniques have failed. However, we do not allow more
than 10 minutes of closed CPR. If that fails to resuscitate,
open cardiac massage is undertaken. In a study by Sanders
et al. (37) on dogs, 75% of the animals could be resuscitated
when open cardiac massage was initiated after 15 minutes of
cardiac arrest. However, the figure dropped to 40% when
opening the chest was delayed to 20 minutes (37). Open
cardiac massage must be considered if circulation is not
restored within three to five minutes of a maternal cardiac
arrest.

Intravascular Volume in Obstetric Trauma Resuscitation
Another important aspect of resuscitation in the pregnant
trauma victim involves understanding the expanded maternal
volume requirements. Pregnancy is associated with a physio-
logical increase in blood volume, increased cardiac output,
and decreased systemic vascular resistance. All these factors
make the assessment of blood volume and the diagnosis of
hypovolemic shock difficult in the parturient. Signs of
hypovolemic shock occur later in pregnant patients than in
nonpregnant patients. This was shown by Greiss (38) who
noted that a 30% to 35% decline in maternal blood volume
produced over 30 minutes resulted in no significant change
in maternal blood pressure in gravid ewes. This is in contrast
to nonpregnant patients who begin to manifest hemodynamic
changes when 20% to 30% of the blood volume is lost. Accord-
ingly, when a pregnant trauma victim presents with signs of
hemorrhagic shock, it is likely that she has lost at least 40%
of her blood volume and will require aggressive volume
replacement. As the physiology of pregnancy causes
a higher circulating blood volume state, to generate an
adequate cardiac output, more aggressive volume resusci-
tation is needed than in the nonpregnant trauma victim.

Trauma-Related Causes of Pulseless Electrical Activity
Pulseless electrical activity (PEA) occurs commonly in
maternal cardiac arrest (39). The most common etiologies
of mechanical obstruction to cardiac output include tampo-
nade, tension pneumothorax, and PE. Aortocaval com-
pression is also a mechanical obstruction. The gravid
uterus acts as an aortic cross clamp and requires immediate
intervention to relieve it.

Advanced Cardiac Life Support Drugs in Pregnancy
The Advanced Cardiac Life Supportw (ACLSw) algorithm fra-
mework does not need to be modified in the pregnant patient.
Drug dosages, ventilation–compression ratios, and defibril-
lation energy are standard. However, every physiological
aspect of the airway, breathing, and circulation (ABC)
matrix requires some adaptation (discussed precedingly).
ACLS includes intubation to maintain the airway, early
defibrillation and pharmacologic therapy. Oxygen and
epinephrine constitute the mainstay of drug therapy during
CPR. In patients with ventricular tachycardia, lidocaine is
the drug of choice followed by bretylium. Magnesium is ben-
eficial in both refractory pulseless ventricular tachycardia and
fibrillation and should be administered when indicated. It
should be remembered that magnesium could cause a loss
of beat-to-beat variability in the fetal heart rate (FHR) trace,
which is a benign side effect of administering magnesium in
pregnant patients. During resuscitation, decreased uteropla-
cental perfusion, which is ominous, may also cause loss of
beat-to-beat variability in the FHR trace and must be recog-
nized and corrected. Atropine has not been shown to
improve outcome from arrest but can be administered in
bradysystolic arrest. The routine administration of bicarbon-
ate and calcium is no longer recommended. However,
calcium chloride is the drug of choice in hyperkalemia-
induced arrest. Drugs are preferentially administered via a
central route during CPR, but epinephrine, lidocaine, and
atropine can be administered via the endotracheal tube in
the absence of IV access. Defibrillation, if necessary, is
attempted using regular guidelines (transthoracic impedance
is unchanged in the pregnant patient) (40).

The drugs used in the ACLS protocol should

be used in standard doses during pregnancy (41).
However, the volume of distribution is increased in preg-
nancy. Therefore, if a desired response is not obtained,
higher doses should be administered. The maternal
and fetal effects of drugs commonly employed during CPR
are reviewed in Table 6. Theoretical concerns regarding
impairment of uteroplacental blood flow by powerful
alpha1 agonists (e.g., epinephrine, vasopressin, and phenyl-
ephrine) should not impede their use during pregnancy.
Indeed, it is important to remember that rapid maternal
resuscitation offers the best chance of survival for the
mother and fetus. Current ACLS drug recommendations
for pregnancy are the same as in the nonparturient (41).

Perimortem Cesarean Section
Current resuscitation recommendations for the parturients
involved in trauma are presented in an algorithm in
Figure 1. If cardiac arrest occurs in the first half of gestation,
the purpose of CPR is to resuscitate the mother, and delivery
of the fetus in this period of gestation is unlikely to improve
the mother’s chances of survival. However, after 24 weeks of
pregnancy, the data suggest that delivery may actually
improve maternal survival (42–44).

In an extensive literature review, Katz et al. (42) suggest
that a patient beyond 24-week gestation cannot be resuscitated
without delivery. They suggested that the delivery be called
perimortem cesarean section and emphasized its urgency.
The data in this article supports the “four-minute rule.”

The cesarean section should be started within four
minutes of cardiopulmonary arrest and the baby delivered
by the fifth minute (45–47). In a subsequent case report,
Lindsay (36) suggests that a three-minute rule is superior.
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Since 1992, the American Heart Association has mentioned
Katz’s four-minute rule in their ACLS guidelines.

The limited time available does not allow for transfer
of the patient to the operating room for a perimortem
cesarean section, nor is there time for a traditional prep
and drape. However, sterility should be maintained to
the maximum degree possible, including a quick betadine
preparation and urgently placed sterile towels and drapes.
Surgeons should observe barrier precautions between
themselves and the patient (gloves, etc.). It is generally rec-
ommended to proceed with a traditional midline incision,
which is the easiest approach to the uterus, followed by
regular transverse incision of the lower uterine segment.
Hemostasis in the evacuated uterus during resuscitation is
challenging. Bleeding may recur following resuscitation of
the mother, because blood may be shunted away from the
uterus during shock. Accordingly, uterine hemostasis must
be revisited by the surgeon once the maternal circulation is
restored.

Uterine atony can recur as well, because intravenously
administered oxytocin may not reach the uterus if adminis-
tered during shock. The most efficient way of delivering oxy-
tocin during shock is to directly inject dilute solution (10 U in
10 cm3) into the uterus, in divided doses. A hypotonic uterus
can fill with blood and precipitate recurrence of maternal
cardiopulmonary arrest, thus careful monitoring is of the
essence. Furthermore, oxytocin will worsen hypotension
during hypovolemic shock due to its systemic vasodilatation
effect. Other medications that are used include Methylergo-
novine (Methergine) 0.2 mg administered intramuscularly. It
is a vasoconstrictor and may be a better choice when hypo-
tension is present. Prostaglandin F2 alpha (Hemabate) has
also been used intramuscularly with good effect. It causes
smooth muscle spasm and should be avoided in asthmatics.
Once maternal circulation is restored after a successful

resuscitation, the abdomen is closed and attention is
turned to delayed morbidities including infection.

Cardiopulmonary Bypass During Pregnancy
Although rarely used following trauma, cardiopulmonary
bypass (CPB) presents numerous problems for the biological
homeostasis of the fetoplacental unit, including inhibition of

Table 6 Maternal and Fetal Effects of Drugs Used in

Cardiopulmonary Resuscitation

Drugs Maternal and fetal effects

Epinephrine,

norepinephrine,

vasopressin

Maternal tachycardia and uteroplacental

vasoconstriction

Isoproterenol,

terbutaline

Tocolytic, maternal hypokalemia, and

maternal and fetal tachycardia

Atropine Maternal and fetal tachycardia and

hyperthermia, loss of beat to beat

FHR variability

Beta blockers Fetal bradycardia and heart block

Calcium channel

blockers

Maternal hypotension, uterine atony,

and postpartum bleeding

Lidocaine Maternal seizures, fetal anion trapping,

fetal CNS, and CVS depression

Bretylium Relatively safe (minimal effects on

fetus)

Amiodarone Unknown effects on fetus when used in

the short term

Magnesium Maternal somnolence, uterine atony, in

high doses maternal CVS and respir-

atory depression. Loss of beat to beat

FHR variability

Abbreviations: CNS, central nervous system; CVS, cardiovascular system;

FHR, fetal heart rate.

Figure 1 Algorithm for resuscitation of the pregnant trauma

victim. If a pregnant trauma patient sustains cardiopulmonary

arrest during the primary survey for trauma, the airway, breathing

circulation, disability, and exposure are followed, left uterine

displacement is instituted. If no pulse is detected after these

immediate measures, cardiopulmonary resuscitation is begun,

and an electrocardiogram evaluation determines electrical

cardioversion/defibrillation maneuvers. If patient becomes stable,

follow left upper column of the algorithm. If patient remains

hemodynamically unstable for three to four minutes following

the initial resuscitation attempt including cardioversion/
defibrillation, follow the right upper column. Resuscitation of the

mother (including primary survey) proceeds before assessment of

fetal heart rate is indicated (left-side column). In continuously

unstable patient (right upper column), patients with estimated

gestrational age .24 weeks should undergo emergent cesarian

section if remain unstable for beyond four minutes. The baby

should be delivered via cesarian section, within five minutes of

instability. Abbreviations: ABCDE, airway, breathing, circulation,

disability, and exposure; CPB, cardiopulmonary bypass; CPR,

cardiopulmonary resuscitation; ECG, electrocardiogram; ECMO,

extra corporeal membrane oxygenation; EGA, estimated

gestational age; ETT, endotracheal tube; HD, hemodynamic;

HR, heart rate, OR, operating room; SICU, surgical intensive

care unit.
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coagulation, hypothermia, hemodilution, and continuous
nonpulsatile blood flow.

Hypothermia for Cardiopulmonary Bypass
The effects of hypothermia on uteroplacental circulation are
not fully understood yet. One animal study concluded that
there occurs a marked increase in uterine resistance and
reduction in uteroplacental flow during hypothermia, poss-
ibly related to a concurrent increase in intra-amniotic
pressure and uterine tone (48).

Case reports of various operations carried out during
pregnancy involving hypothermia, one of which lasted for
16 hours, indicate that the FHR falls to below normally
acceptable values during hypothermia. These reports also
showed that the fetal cardiac function is still capable of auto-
regulation at temperatures as low as 288C (49). However,
hypothermia should be avoided if possible, as the fetal mor-
tality is definitely higher at temperatures below 358C (49).
Although fetal function does not seem to be seriously com-
promised by mild hypothermia, an increase in uterine tone
reduces placental blood flow. Furthermore, dysrhythmias
(including arterial and ventricular fibrillation) become
exceedingly common at temperatures below 288C to 308C.
Fetal dysrhythmias are almost impossible to detect and
treat during CPB. Naturally, deep hypothermic circulatory
arrest in the mother is invariably fatal for the fetus.

Pump Flow and Mean Arterial Pressure
The fetal response to various flow rates and MAPs are incom-
pletely understood. Outcome studies have correlated high
CPB pump flow rates and high MAPs (i.e., 80–90 mmHg)
with normal FHRs in healthy term babies (48). However,
the minimal MAP and flow at various temperatures
are unknown. One would expect that a MAP of at least
60 mmHg is necessary for adequate placental flow.

Considering the work done by Hawkins et al. (50) on
lamb fetuses, alterations in pump flow rates seem to have
a similar effect as an alteration in placental flow rate. At
lower flows, there is an evident increase in carbon dioxide
tension and a slight decrease in oxygen tension. Thus, it
appears to be advisable to run the CPB pump at high
flows in order to compensate for the lack of autoregulation
in the placental circulation. A 2.7 L/m2 minimum index is
desirable (51). The customary signs of fetal hypoxia and dis-
tress, namely a drop in FHR below 120 beats/min with an
accompanying loss in variability, are also observed during
CPB. The compensatory tachycardia often following fetal
distress validates the use of the above criteria. However, in
the reported cases, high pump flows, moderate or no
hypothermia, and high maternal MAPs were used, making
the above parameters reasonable guidelines for CPB in
pregnancy.

Continuous vs. Pulsatile Pump Flow
Pulsatile flows may allow improved intervillous gas
exchange, for the simple reason that placental blood flow
pattern would remain closer to fetal physiology. Uterine con-
tractions present a problem during CPB because of their
ability to create a further obstacle for placental blood flow
to reach the fetus. They can create a temporary oxygen
deficit, expressed by a sudden decrease in FHR, followed
by a tachycardia to compensate for the hypoxia and drop
in pH. Uterine activity should be monitored continuously
and treated immediately. Nitroglycerin, halogenated inhala-
tional agents, b2 agonists, and prostaglandin synthesis
inhibitors have tocolytic activities and could be used.

Pump prime does not appear to play an important role in
oxygen delivery to the fetus, as shown by Conroy et al.
(52), who decreased the HCT to 18% with hemodilution
without significant effects on FHR.

Extracorporeal Membrane Oxygenation in
Obstetric Trauma
Few cases of use of extracorporeal membrane oxygenation
(ECMO) in the traumatized parturient have been reported.
One of the rare reports is about the use of ECMO in a
28-week pregnant woman with gunshot injuries to the
chest (53). The patient was aggressively managed with
early surgical intervention, ECMO, maintenance of normo-
volemia with an HCT of .30%, and the use of inotropic
agents. ECMO was used as a final effort at saving this
patient. Her condition fulfilled the fast-entry blood gas cri-
teria set by the National Heart and Lung institute ECMO
trial (54). Veno-arterial ECMO was initiated 12 hours after
surgery and was continued for 41 hours. Then ECMO was
successfully weaned off to ventilator settings of respiratory
rate (RR) of 12 min, FiO2 of 0.4, and PEEP of 8 cmH2O.

The theoretical benefit of ECMO is the provision of
systemic oxygenation without using the native lungs [i.e.,
in severe cases of adult respiratory distress syndrome
(ARDS)]. ECMO is often employed late in the patient’s
care, and this may account for the general poor outcomes
observed in adults (55). In the above case, ECMO was
employed early and may have contributed to the successful
outcome.

Disadvantages of ECMO include the need for systemic
anticoagulation, other complications including lower extre-
mity ischemia secondary to femoral vessel injury and renal
failure, high expense, and high labor dependence. Use of
heparin bonded circuitry may help minimize complications.

TYPES OF INJURIES AND MANAGEMENT PRINCIPLES
Head Injury
Head injury is a leading cause of maternal death after
trauma (Volume 2, Chapter 12). Increased intracranial
pressure (ICP) frequently accompanies serious head injuries.
Use of ICP lowering agents and maternal hyperventilation to
decrease ICP during pregnancy may adversely affect the
fetus (56).

Maternal hyperventilation to decrease maternal arterial
CO2 may cause uterine artery vasoconstriction and a resultant
shift of the oxygen dissociation curve to the left, causing
decreased oxygen delivery to the fetus. Mechanical hyper-
ventilation also decreases uteroplacental blood flow by
decreasing venous return and cardiac output in the mother.

Mannitol and furosemide administered to the mother
can cross the placenta and decrease fetal intravascular
volume and increase fetal urine output and plasma osmolal-
ity (risks unknown) (57). Despite these theoretical risks,
immediate treatment of maternal ICP with a favorable
maternal outcome justifies the temporary risks to the fetus.

Thoracic Injuries
Thoracic trauma can occur in pregnancy resulting in pneu-
mothorax, lung contusion, cardiac and aortic injury, aortic
dissection, diaphragmatic rupture, liver injury, and thoraco-
lumbar spine injuries. All these injuries have been reported
in isolated case reports. Merin et al. (58) report the successful
management of a traumatic rupture of the thoracic aorta in
pregnancy. In another case report, the survival of a 36
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week fetus after a thoracoabdominal gunshot wound is
reported (59). Penetrating cardiac wound in the sixth month
of pregnancy (60) and mediastinal compression due to trau-
matic aneurysm of the aortic isthmus have also been
described (61). Thoracolumbar distraction fractures in
advanced pregnancy have been described well in a case
report of two pregnant women sustaining this type of injury
in a motor vehicle accident (62), and a detailed description
of the mechanism of trauma to the spine has been provided.

It is also important to remember that a 4 cm rise in
the diaphragmatic height at term necessitates thoracostomy
tube placement to be one or two interspaces higher than the
standard fifth interspace.

Abdominal Injuries
The mechanism of injury is different in blunt abdominal
trauma during pregnancy as compared with the nonpreg-
nant state (Volume 1, Chapter 27). The enlarging uterus
pushes the bowel into the upper abdominal cavity and trans-
mission of force may be altered in the pregnant abdomen.
Splenic and retroperitoneal injury and hematomas are
more frequent due to increased vascularity of pregnancy.
Hepatic and splenic injuries occur in up to 25% of pregnant
women with severe blunt trauma. Additionally, these inju-
ries are more frequent as the fetus is closer to term (63).
With the increasing gestational age, the uterus is increasingly
vulnerable to trauma-related bleeding, partly due to
increased uterine flow and pelvic venous engorgement.
Blunt injury abdomen can result in shearing of uteroplacen-
tal vessels, leading to placental abruption. All pregnant
women with complaints of blunt abdominal trauma,
however minor, must be assessed carefully for abruption,
fetomaternal hemorrhage, uterine rupture, fetal demise,
and preterm labor and delivery.

Penetrating injury is less common in the parturients
than blunt injury. The maternal mortality for this type of
injury is less than in the nonpregnant population, because
the uterus may act as a shield for other abdominal structures.
However, the fetal death rate is appreciable in penetrating
abdominal injuries (both stab and gunshot).

The enlarged uterus in the second and third trimesters
protects the bowel from stab wounds in the lower abdomen
because the bowel is displaced into the upper abdomen.
However, as a result of cephalad displacement of the
bowel by the enlarging uterus, upper abdominal stab
injuries result in more complex bowel injury than in a
nonpregnant patient.

Pelvic Injuries
Pelvic fractures can result in severe retroperitoneal bleeding
and hypovolemic shock due to hidden bleeding. The dra-
matic increase in pelvic blood flow increases the likelihood
of severe hemorrhage when pelvic trauma happens.
Bladder and urethral injuries should be suspected if there
is difficulty in placing a bladder catheter.

Fetal skull and brain injuries are more likely to occur
when the head is engaged and maternal pelvic fractures
are present (64). Pelvic fractures can also result in problems
with vaginal delivery. In slightly displaced fractures, vaginal
delivery can be accomplished. However, following a
severely dislocated or unstable fracture or a large healing
callus, vaginal delivery is contraindicated.

Burn Injuries
The fetus and the mother present special management con-
siderations following thermal injury, placing additional

stress on a system that is already physiologically modified
by pregnancy (Volume 1, Chapter 33). The increased capil-
lary permeability and fluid loss resulting from the burn
can cause hypotension which may cause placental insuffi-
ciency, fetal hypoxemia, acidosis, and premature labor (65).
Hence, prompt and aggressive fluid resuscitation is needed
to replace the fluid loss caused by burns. Supplemental
oxygen should be provided to the parturient, even in the
absence of smoke inhalation injury.

Due to decreased FRC and increased demand of
oxygenation by the fetus, ventilatory assistance should be
instituted promptly when smoke inhalation injury is sus-
pected. Patients on ventilators may labor and deliver vagin-
ally either spontaneously or with assistance (66). Pregnancy
in the second trimester is dependant on maternal survival
and ex utero survival is poor. Prolonging pregnancy to
achieve fetal viability is indicated and the use of magnesium
sulfate to inhibit uterine activity is preferred to beta agonists
because magnesium induces less tachycardia and has less
pronounced vasodilatory and metabolic effects (67). Expec-
tant management with continuous electronic fetal monitor-
ing is indicated for those over an estimated gestational age
of 25 weeks.

The hypercoagulable state of pregnancy and activation
of the coagulation system by release of cytokines by the burn
greatly increase the risk for thrombosis and PE. Routine pro-
phylactic use of intravenous heparin at 2 units/kg/hr and
monitored according to the partial thromboplastin time
may decrease the incidence of thrombosis and PE.

Sepsis is a potentially life-threatening condition in burn
wounds and a pregnant patient is at increased risk due to the
immunological changes associated with pregnancy. Topical
antibiotics applied locally, frequent microbial cultures, and
aggressive treatment of infections are important (66).

Embolism
The parturients suffering traumatic injuries are at increased
risk for embolic complications. These include thromboembo-
lism, amniotic fluid embolism (AFE), or fat embolism sec-
ondary to orthopedic injuries. An increase in coagulation
factors, coupled with venous stasis and an increased
venous capacitance, increases the incidence of thromboem-
bolic complications in pregnancy.

Venous thromboembolism occurs in 1 in 1000 to 2000
pregnancies and the parturients as compared with nonpreg-
nant women have a 2.5-fold increased risk of thrombosis
during pregnancy and a 20-fold increased risk of thrombosis
in the immediate postpartum period (68,69). Trauma and
hospitalization further increase the risk of thromboembo-
lism beyond that of nonpregnant patients and particular
care should be taken to provide prophylaxis against
venous thrombosis. The diagnosis of thromboembolism
is based upon clinical history coupled with US of the lower
extremities.

Ventilation perfusion scan may be diagnostic for PE
resulting from DVT. However, a trauma patient will often
have abnormal lungs (i.e., pulmonary contusion, hemo-
thorax, etc.). Accordingly, a spiral CT scan or pulmonary
angiography is often required to make the diagnosis
(Volume 2, Chapters 25 and 56). If US and ventilation/
perfusion scanning are negative and the diagnosis is
still highly suspected, a spiral CT scan, or pulmonary
angiography or empiric heparin therapy, may still be best.

Heparin is considered the safest anticoagulant during
pregnancy because it does not readily cross the placenta. Intra-
venous heparin should be administered for approximately
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10 to 14 days maintaining an activated partial thrombo-
plastin time (aPTT) of approximately 1.5–2 times normal.
Anticoagulation must not be instituted if placental abruption,
uterine rupture, or bleeding secondary to other traumatic
injury has occurred. Compression boots may be used and
have been shown to be as effective as subcutaneous heparin
administration in preventing venous thrombosis of the lower
extremities.

AFE is a feared but rare complication of pregnancy
and delivery. AFE may occur in association with uterine
rupture or abruption of placenta following abdominal
trauma (70). The initial clinical manifestations of AFE are
dyspnea and hypotension, which may progress rapidly to
unconsciousness, shock, and cardiac arrest. Systemic hypo-
tension results from severe left heart failure. The mechan-
isms proposed for heart failure secondary to AFE are a
direct myocardial depressant effect and global ischemia
from coronary vasospasm (70). Approximately 87% of the
parturients with AFE will experience cardiac arrest (71). Pul-
monary edema and disseminated intravascular coagulopa-
thy (DIC) frequently complicate AFE (71). Analysis of
arterial blood gas may show a striking arterial partial
pressure of oxygen (PaO2) to alveolar oxygen partial
pressure (PAO2) gradient. Management of AFE should be
oriented toward maintaining maternal oxygenation, cardio-
vascular resuscitation, and treatment of multiorgan system
failure, if present. Despite the best medical intervention,
the overall survival is 39% with only 15% surviving neuro-
logically intact (72).

ETIOLOGIES OF FETAL DEATH FOLLOWINGTRAUMA

Other than direct penetrating or blunt trauma to the uterus,
placenta, or fetus, maternal hemorrhage and prolonged
under-resuscitation or shock are the leading causes of fetal
demise following trauma. The most common specific inju-
ries include placental abruption and uterine rupture.

Abruption
Placental abruption is the most common traumatic cause of
fetal death in a surviving parturient. A retrospective case
study by Stafford et al. (73) revealed that the degree of
trauma does not correlate well with the resultant fetal
injury. Of eight patients who participated in this study,
only two women sustained major injuries (i.e., pelvic
fracture), but all eight exhibited some degree of placental
abruption. In a study by Crosby et al. (7), abruption occurred
in 29% of seriously injured women and was responsible for
21% of fetal deaths. Even though maternal trauma may be
minor in nature, there may still be lethal fetal injury.

The proposed mechanism is shearing force between the
placenta and the uterine wall. The placenta is adhered to
the uterine wall, but as the uterine wall is distorted, weak
points can separate and accumulate blood, or be disrupted
altogether, leading to acute or delayed abruption. The Stafford
study showed that the majority of placental abruptions
occurred within the first 19 hours after the initial trauma
(73). Most authorities recommend 24 hours of fetal

monitoring after blunt trauma to detect insidious uterine
hemorrhage and delayed placental abruption.

Early diagnosis of abruption is paramount. Classical
findings associated with uterine abruption are abdominal
pain, maternal hypovolemia, and changes in FHR,
particularly fetal bradycardia or heart rate decelerations if

uterine contractions are present. Amniotic fluid leakage,
abdominal cramps, uterine tenderness, and vaginal bleeding
may also occur. FHR monitors (cardiotocography) will be the
first to detect fetal–maternal circulatory compromise and
should be used to identify nonreassuring FHR patterns. US
is the most common diagnostic modality employed due to
availability and speed (particularly now that the FAST has
become part of the ATLS approach to trauma management).
CT may also be used when US has inadequate penetration.
Initial management of abruption should be aimed at main-
taining maternal hemodynamic stability and salvage of the
fetus if it is of a viable gestational age. Primary steps to
maternal stabilization are volume replacement and place-
ment of the patient in left uterine tilt for improved venous
return, followed by exploratory laparotomy. Further man-
agement is dictated by the status of the fetus. If the fetus is
viable but unstable, immediate cesarean delivery is required.
Abruption is associated with an extremely high incidence of
DIC and patients will likely require large quantities of blood
and blood products including FFP, fibrinogen (cryoprecipi-
tate), and platelets.

Uterine Rupture
Uterine rupture secondary to trauma is a less common, but
important, cause of uterine hemorrage and fetal demise.
The mechanism of injury usually involves massive blunt
trauma or direct abdominal injury with concomitant pelvic
fracture (74). Even though the incidence is low, approaching
0.6% of traumatic events, traumatic uterine rupture is associ-
ated with fetal mortality approaching 100%. Maternal mor-
tality is less than 10% (74). Inappropriate positioning of
seat belt restraints has strongly been associated with cata-
strophic lacerations of the uterus and fetus.

Maternal signs and symptoms include vaginal bleed-
ing, abdominal pain, maternal shock, and extrusion of
uterine contents. Fetal distress is an early important signal.
Fetal body parts may be palpable in the abdomen more
easily than usual, as they may lie anterior outside the
uterus. Other conditions that may mimic uterine rupture
include spleen, small bowel, and liver injury. US is useful
in detecting tears in the uterine wall, extrusion of fetal
limbs, and hemoperitoneum (75). As with placental abrup-
tion, management is directed at maintaining maternal hemo-
dynamics, followed by emergency exploratory laparatomy
and cesarean section. If uterine injury occurs in an Rh-
negative mother, Rh-immunoglobin therapy should be
administered.

Preterm Labor
The most commonly observed complication of trauma in
pregnancy are preterm labor and spontaneous abortion
(76,77). However, in about 90% of cases the contractions
settle spontaneously. These are usually treated with tocoly-
tics and steroids. Tocolytics include magnesium sulfate
and/or beta-2 agonists, which relax the uterine smooth
muscle and decreased contractions. The beta sympathomi-
metics like terbutaline or salbutamol may cause maternal
tachycardia and increase the risk of pulmonary edema in
the parturient. Specifically, magnesium sulfate or calcium
channel blockers like nifedipine are the agents of choice.

Steroids such as betamethasone are administered to
improve fetal lung maturity and can be beneficial between
24 and 36 weeks of gestation (78). Steroids are given in two
doses and provide maximum benefit after 48 hours but
even one dose is helpful and should be administered as
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soon as possible as long as there is no maternal contraindica-
tion.

Cardiotocography monitoring is used to identify fetal
distress, which will then need obstetrical intervention. The
recommendations for monitoring are not clear and vary
from 2 to 48 hours after the trauma (79).

A retrospective study identified risk factors signifi-
cantly predictive for preterm labor (like gestational age
greater than 35 weeks, assaults, and pedestrian collisions)
and recommended that these patients have fetal monitoring
for at least 24 hours. Patients without adverse clinical signs
and without risk factors require fetal monitoring for six
hours after trauma (80).

PERIOPERATIVE ANESTHETIC MANAGEMENT
Preoperative Assessment
The pregnant patient requiring emergent surgery following
posttraumatic injury may not present with a complete clini-
cal history. In addition to the standard preanesthetic assess-
ment and primary and secondary trauma surveys,
evaluation of preexisting comorbidities, history of the
acute injury, maternal hemodynamic status, and evaluation
of the fetus should be performed as time permits.

Maternal evaluation should include history of present
illness, medical history including problems with previous
anesthetics and potential obstetrical complications, physical
examination including the airway exam, “nil per os” (NPO)
status, and laboratory data. If loss of consciousness has
occurred in association with loss of control and subsequent
motor vehicle accident, preeclamptic seizures must be con-
sidered in the differential diagnosis after 20-week gestation.
It is important to anticipate IV access needs, transfusion
requirements, volume replacement, and the need for rever-
sal of developing coagulopathies.

Fetal evaluation prior to induction of anesthesia
should be focused on determining the well-being of the
fetus. In addition to being used for determining FHR, US
should be an integral part of the initial assessment (81).
Abdominal US is the best diagnostic tool for simultaneous
assessment of mother and fetus, and the sensitivity and
specificity in pregnant trauma patients is similar to that
seen in nonpregnant patients (82,83).

Intraoperative Monitoring
The goal for intraoperative monitoring is to ensure optimal
maternal end organ perfusion and subsequently ideal fetal
perfusion. Standard monitors include pulse oximetry, non-
invasive blood pressure measurements, electrocardiogram
(ECG), and end-tidal CO2. Invasive monitoring including
direct arterial blood pressure with access for arterial blood
gas measurements, CVP, pulmonary artery catheterization,
and transesophagel echocardiography (TEE) may be
necessary for the severely injured patient. Cardiotocographic
monitoring depends on surgical field, approach, and
gestational age (24 weeks) of the fetus, but should be used
whenever practical.

Anesthetic Techniques and Considerations for
Obstetric Trauma
Pregnant patients pose challenges with respect to the induc-
tion of anesthesia even without the complications of trauma
(84). With the combined difficulties of pregnancy and
trauma, the choice of anesthetic is dependent on the

urgency of onset of anesthesia, maternal hemodynamic
stability, and the presence of comorbidities which may pre-
clude certain anesthetic choices.

Regional Anesthesia
Minimal exposure of the fetus to maternal anesthetics

and decreased maternal morbidity and mortality are
well-recognized advantages of regional anesthesia during
pregnancy (85). The sympathectomy and subsequent
hypotension that may ensue with spinal or epidural anesthesia
may preclude the use of these techniques following obstetrical
trauma particularly in the presence of maternal hypovolemia.
Additionally, patients may have sustained injuries to the thor-
acolumbar regions of the spine that preclude placement
of neuraxial anesthetics. Anesthesia for traumatic injuries of
the limbs may be provided using regional anesthetics such
as brachial plexus or femoral–sciatic–obturator nerve blocks
(Volume 1, Chapter 20).

General Anesthesia
Prior to induction, the patient should be placed in left
uterine tilt to improve venous return. The selection of an
induction agent for general anesthesia involves consider-
ation of both maternal and fetal effects, with the general
rule of “what’s good for the mother is generally good for
the fetus.” As in any trauma patient, the presence of hypovo-
lemia or cardiogenic shock precludes the use of agents with
significant vasodialtor or myocardial depressant effects (e.g.,
pentothal, propofol, etc.).

Common induction agents used in obstetric trauma
cases include etomidate and ketamine. Ketamine is fre-
quently advocated for induction of general anesthesia in
obstetric emergencies due to maintenance of systemic
blood pressure. However, this is the result of an indirect
sympathomimetic effect caused by release of endogenous
catecholamine stores. Patients in shock may demonstrate a
profound decrease in systemic blood pressure due to
depletion of endogenous catecholamine stores (86). Etomi-
date causes less myocardial depression than many other
induction agents and maintains systemic blood pressures
more consistently in the presence of hypovolemia or shock
than ketamine. Etomidate is the drug of choice in our prac-
tice when hemorrhagic or cardiogenic shock is suspected
in obstetric patients.

Opioids (e.g., fentanyl, sufentanyl, morphine, and
demerol) may be titrated in after the patient becomes stable
hemodynamically and are best reserved for after the baby
is delivered (to limit fetal respiratory depression). Pentothal
and propofol may offer brain protective effects following
administration to patients with traumatic head injury by
reducing cerebral oxygen requirements more than they
reduce cerebral blood flow; however these drugs are
only appropriate once the intravascular volume is depleted.

When delivery of the fetus is planned, opiates and
benzodiazepines, which decrease fetal ventilatory drive,
should be avoided till the baby is delivered. Neonatal
opioid depression can be reversed with naloxone, if required.

Inability to intubate and provide effective ventilation
is the most common cause of maternal death related to
anesthesia (87). The application of cricoid pressure prior to
induction represents the standard of care, because of the
increased risk of aspiration in both the parturients and
trauma patients. The obstetric patient is seven times more
likely to suffer fatal aspiration than the nonobstetric
patient even in the absence of trauma (85). An increased
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A–P diameter of the chest, breast enlargement, and edema
of the airway may also complicate endotracheal intubation.
Experience with difficult airway management and anti-
cipation of potential problems are essential to avoid
catastrophic complications (Volume 1, Chapter 9).

The type of anesthetic used for maintenance of anesthe-
sia is a function of the patient’s condition. The administration
of inhalational agents, if tolerated, is beneficial, as potent
inhalational agents are known to cause uterine relaxation
and prophylaxis against intraoperative uterine contractions
and preterm labor. However, if the fetus is delivered, the
resultant uterine relaxation may exacerbate uterine bleeding.
Most authors advocate discontinuing these agents or using a
decreased concentration and a “balanced” anesthetic tech-
nique following delivery to prevent iatrogenic uterine atony.
All inhalational agents are potent myocardial depressants
and decrease systemic vascular resistance (SVR) to varying
degrees, and as such a vasopressor may be necessary to
offset the hypotensive effects. Nitrous oxide should be
avoided as it may exacerbate pneumothorax in the trauma
patient. If the patient is too unstable to tolerate volatile
anesthetics, then paralysis, and scopolamine (for amnesia),
should be employed until resuscitation is complete. As the
patient improves, opiates may be titrated in, and ultimately
inhalational drugs may be resumed.

The difficulties of airway management in pregnant
patients combined with trauma and the high probability of
a full stomach, necessitate prudence regarding extubation.
Patients should be able to follow commands or show evidence
of airway reflexes in the operating suite prior to extubation.

When in doubt, leave the patient intubated overnight in
the surgical intensive care unit (SICU). Finally, postoperative
analgesia considerations in the parturient are not significantly
different from that in normal trauma patients.

TERATOGENICITY OFANESTHETIC DRUGS

Teratogenic effects of induction drugs have never been
demonstrated using clinically relevant doses in humans
(88). In animal studies, nitrous oxide has been shown to vaso-
constrict the uterine vasculature if not combined with an
inhalational agent. Nitrous oxide administration for a few
hours has not demonstrated any detrimental effect on DNA
synthesis in humans (89). Although some benzodiazepines
have been anecdotally associated with cleft lip anomalies,
this happens only following prolonged use of high concen-
trations, for example, situations of high dose use for the treat-
ment of alcohol abuse and seizures. Furthermore, no
controlled, prospective studies have ever shown any terato-
genic effects with clinically relevant doses of benzodiazepines
(90). Accordingly, the short-term use of Midazolam is safe and
appropriate as an anxiolytic (it should be noted that pain, fear,
and anxiety can elevate maternal catecholamines causing
uteroplacental vasoconstriction).

The intravenous narcotics and inhaled drugs also have
a long history of clinical safety in pregnancy. However,
chronic exposure to high concentrations of certain drugs is
problematic (Table 7).

Table 7 Effects of Chronic Drug Exposure in the First Trimester

Medication Effects in fetus ,12 Wk

Pregnancy

category

Sedative/hypnotic/narcotics, highly lipid soluble (crosses the placenta)

Diazepam Oral clefts with prolonged usage D

Midazolam Not known C

Propofol Not known B

Thiopental Not known B

Etomidate Embryocidal in large doses in animal

studies

C

Ketamine Unknown, recommended not to be used

in first trimester

D

Fentanyl, morphine Not known B

Neuromuscular blockers

Succinylcholine, vecuronium,

pancuronium, rocuronium,

cisatracurium

Safe for clinical use as they do not cross

the placental barrier in significant

amounts

C

Pressors/anticholinergics

Epinephrine Possible limb defects C

Vasopressin Not known C

Ephedrine Limb defects C

Phenylephrine Minor defects reported C

Atropine Minor malformation possible C

Anticoagulants

Warfarin Congenital malformations D

Heparin None B

Note: Administration for short periods of time may not cause any adverse effects on the fetus. Pregnancy categories: A, safety has

been established using human studies; B, presumed safety based on animal studies; C, uncertain safety—animal studies show an

adverse effect, no human studies; D, unsafe—evidence of risk that may in certain clinical circumstances be justifiable; X, highly

unsafe—risk of use outweighs any possible benefit.
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POSTOPERATIVE CRITICAL CARE MANAGEMENT

Although critical illness warranting an intensive care unit
(ICU) admission is rare in the parturient (91), critical care
management is common following massive trauma or
burns. A team approach between critical care physicians,
obstetricians, and anesthesiologists is needed to meet the
challenges posed by the pregnant patient.

In one retrospective study pregnant patients were
compared with nonpregnant women admitted to an ICU
and mortality did not differ significantly in the two
groups. The levels of acute physiology and chronic health
evaluation (APACHE), simplified acute physiology score
(SAPS), and mortality probability model (MPM) scores did
not significantly differ between obstetric and nonobstetric
patients (92).

Mechanical Ventilation
The alterations occurring during pregnancy may predispose
a pregnant trauma victim to pulmonary edema. The
increased circulating blood volume and decreased colloid
oncotic pressure in a pregnant patient can contribute to con-
ditions that increase capillary permeability in a trauma
victim. Some of these conditions include infection, aspira-
tion, and massive blood transfusions. In addition, tocolytic
therapy, large fluid resuscitation, and pre-eclampsia
represent additional factors that aggravate alveolar edema.

Mechanical ventilation of a pregnant patient must take
into account the changes in respiratory physiology during
pregnancy. Mechanical ventilation for respiratory distress
should follow the same guidelines as for a nonpregnant
state except that it is important to maintain maternal arterial
PCO2 in its usual range of 28 to 32 mmHg. In the setting of
ARDS, allowing permissive hypercapnia in the mother can
quickly result in fetal respiratory acidosis and should be
avoided. The ARDS network study recommends low tidal
volume therapy of 6 mL/kg body weight based on ideal
body weight calculated from patient height. The study
also suggests limiting maximum plateau pressures to
30 cmH2O (93). Pregnant patients typically use more than
6 mL/kg body weight of tidal volume to maintain PCO2 in
the 28 to 32 mmHg range. However, if their lungs become
stiff, lower tidal volumes are warranted, and the physiologic
hyperventilation can be achieved by increasing respiratory
rate. The prone position for improving gas exchange in
ARDS has not been prospectively studied in pregnancy.
Delivery of the fetus also does not seem to offer the same
maternal benefit in respiratory failure as in some other
obstetric-related illness (94).

Monitoring
Arterial lines are usually indicated for continuous blood
pressure measurement and the ease of blood gas analysis.
Central line access may be needed for multiple drug and
vasopressor administration. There are no well-designed
studies to show that CVP measurement would be a
satisfactory measure of left heart pressures in critically ill
pregnant states.

Current indications for pulmonary artery catheteriza-
tion in the obstetric population are not based on controlled
trials but on individual experiences and empiric thinking.
Some of the indications in an obstetric patient are hypovole-
mic shock unresponsive to volume resuscitation attempts,
septic shock, ARDS, cardiac disease class 3 or 4, AFE, pul-
monary edema, and oliguria unresponsive to fluid challenge.

Inotropic and Vasoactive Agents
The primary consideration in a pregnant trauma victim is
adequate volume resuscitation and left uterine displacement
as a measure of supporting blood pressure before pharmaco-
logic methods. An exception to this rule is when amniotic
fluid or pulmonary thromboembolism is the cause of
hypotension. All the commonly used catecholamines—
epinephrine, norepinephrine, and dopamine—decrease
uterine blood flow in animal studies in high doses. Dobuta-
mine has been shown to increase uterine blood flow in
animals.

Phosphodiesterase inhibitors (e.g., amrinone, milri-
none) have no clear beneficial effects in pregnant animals
(95). There is a report of cardiac arrhythmias and worsening
hypoxia in a patient treated with amrinone during preg-
nancy (96). There are no reports of use of milrinone in obste-
tric patients.

Anticoagulation
Pregnancy is a hypercoagulable state and trauma increases
the risk of deep vein thrombosis. Prophylactic anticoagula-
tion should be considered in the critically ill parturient, in
the absence of contraindications (e.g., head injury, massive
blunt trauma). Low-molecular weight heparin has recently
become the anticoagulant of choice in pregnancy because
of its good bioavailability, long half-life, and predictable
dose response. Heparin does not cross the placental barrier
and can be reversed if operative delivery becomes imminent.
There is only one case report of placental hemorrhage and
death when enoxaparin was used.

Oral anticoagulants are contraindicated in the early
trimester and even later in pregnancy as their safety has
not been established. There is little information regarding
the use of thrombolytic agents like streptokinase, urokinase,
and plasminogen activators during pregnancy. In a review of
5 first-trimester, 13 second-trimester and 24 third-trimester,
patients Turrentine et al. (97) found no congenital abnormal-
ities and only one spontaneous abortion.

EYE TOTHE FUTURE

The International Classification of Disease, Tenth Revision,
defines pregnancy-related death as “death of a woman
while pregnant or within 42 days of termination of preg-
nancy, irrespective of the cause of death.” Prevention and
wellness have become important components of modern
medical care systems. The focus of medical teams should
be to develop interventions and prevention strategies for
pregnancy-related trauma. Potential targets include educat-
ing and enforcing seatbelt laws, reducing exposure to flam-
mable materials, universal access to essential obstetric
services for all women, and steps to identify and prevent
maternal abuse during pregnancy (98). Given the frequency
with which trauma affects pregnancy and the difficulty
encountered with identifying variables predictive of
outcome, there may be great benefits to incorporating
trauma prevention into routine prenatal care.

Despite a general agreement that seat belts reduce
morbidity and mortality rates, it is well known that passen-
gers and drivers in advanced pregnancy avoid wearing
restraints and thus expose themselves to various injuries.
There are papers questioning compulsory wearing of seat
belts because of possible damage to the gravid uterus by
forced compression in car accidents (99). It is possible that
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seat belts will be specially designed and constructed for
pregnant passengers and drivers. Currently there is little
information on the currently required three-point restraint
system, or with airbag use in the loss of human fetal life. A
unique study using a crash dummy at the University of
Michigan and the General Motors Corporation was done
(100). This study may provide some insight into clarifying
the mechanism of pregnancy loss during automobile
crashes.

Developing universal algorithms for management of
trauma during pregnancy can help uniform early diagnosis
and management of mother and fetus with timely interven-
tion that can improve fetal outcome Code OB protocols can
be developed. Hospital personnel can be taught this as a
special situation of Code Blue and rehearsed in areas provid-
ing obstetric, emergency, and trauma care. It is important to
plan and prepare for these emergency situations. There are
many states that have laws requiring postmortem cesarean
sections. Litigation in this field is evolving; however there
is a growing body of medical literature on this subject advo-
cating the “four-minute rule” as well as the ACLS publi-
cations. We are potentially at risk if we fail to perform a
perimortem cesarean section in a timely fashion. A universal
Code OB protocol in all institutions will help prepare for this
rare emergency in a time-efficient manner and maternal/
fetal arrest outcomes may be improved.

Advances in CPR as applied to pregnant trauma
victim must be applied during resuscitation efforts. This
includes having an obstetrician as a vital member of the
resuscitation team, alerting the neonatal team, recognizing
the importance of left lateral displacement, and assigning a
member of the team early on to time the events accurately.
It must be borne in mind that there is an improvement in
cardiac output by 25% to 50% if the uterus is emptied sec-
ondary to release of caval compression and autotransfusion,
and this should be implemented. There are data suggesting
that maternal survival may improve if the fetus is delivered
early in the resuscitation process. An additional benefit is
that chest compressions will be more effective once the
gravid uterus is evacuated. The FRC will also improve,
increasing oxygenation during resuscitative efforts.

In recent years, better understanding of critical care
medicine in obstetrics has emerged. Directors of obstetric
services should develop full cardiovascular hemodynamic
capabilities within their labor and delivery suites or in
nearby special care suites. With these special facilities, one
should be able to provide intensive fetal surveillance in
addition to maternal care equivalent to that of a critical
care unit.

Use of invasive hemodynamic monitoring in obstetrics
has not been well studied. Controlled trials are needed in
this area. There is also a paucity if clinical data regarding
hemodynamic parameters in obstetric patients with septic
shock. The noninvasive evaluation of cardiovascular hemo-
dynamics in the pregnant woman has been explored.
Additional work in this area is needed to provide better
insight into the physiologic and pathologic cardiovascular
alterations in pregnancy.

Survival and successful outcome following traumatic
injury to the chest and major blood vessels has been
shown on pregnant patients. Early use of CPB, ECMO, ven-
tilatory manipulations in ARDS, use of heparin bonded
circuits, aggressive and early surgical intervention, and insti-
tution of hemodialysis should all be instituted as appropri-
ate as these trauma victims are young and healthy with the
exception of pregnancy.

SUMMARY

Trauma is the leading cause of nonobstetric death in women
between the ages of 14 and 44 years. Many women who
sustain trauma do not receive antenatal care and almost
half of the victims do not use seat belts. Motor vehicle acci-
dents are the leading cause. Violent assault is the next
common injury with some studies showing domestic
violence to be high in pregnant women. These data indicate
groups at risk and identify target populations for preventa-
tive programs including seat belt counseling. Care of
the traumatized pregnant patient is challenging because
advanced pregnancy influences the pattern of trauma,
alters laboratory values and clinical assessments, and
changes hemodynamic parameters. Knowledge of the
normal physiologic changes occurring during pregnancy,
special attention to early recognition of occult maternal
hypoxemia and hypovolemia as well as a high index of
suspicion should guide management strategies. External
fetal monitoring and ultrasound are useful in detecting
fetal- or pregnancy-associated complications after blunt
injury. Fetal outcome relates to direct fetal injury and to
the acute hemodynamic insult associated with maternal
trauma. During CPR the four-minute interval from arrest
to initiating cesarean section delivery should be consi-
dered. With expedient evaluation, resuscitation, and inter-
vention, maternal and fetal survival can occur even in
severe trauma.

KEY POINTS

The total intravascular volume increases to 40% to 50%
above nonpregnant values at term.
In the supine position the gravid uterus can occlude the
inferior vena cava and the abdominal aorta after 20- to
24-week gestation.
The increased oxygen demands of pregnancy and
the decreased oxygen reserve [due to lowered func-
tional residual capacity (FRC)] (18) predispose the par-
turient to hypoxemia sooner than the nonpregnant
patients.
Pregnancy is a “hypercoagulable” state and pregnancy
imparts a higher risk of deep venous thrombosis (DVT)
and pulmonary embolism (PE).
The altered anatomy of the pregnant airway increases
the risk of a failed intubation, especially in patients
with pregnancy-induced hypertension (PIH) or dia-
betes mellitus.
When the mother survives, the major cause of fetal
death is complete (6% to 66% of cases) or incomplete
(30% to 80% of cases) placental separation (abruption)
(27).
Radiologic procedures needed for the diagnosis and
safe management of the pregnant patient should be per-
formed, but with due concern to minimize fetal
exposure.
The most recent guidelines for CPR in pregnancy
advise early cesarean delivery of the fetus within four
minutes of arrest if the uterus is large enough to
cause hemodynamically compromising aortocaval
compression (i.e., beyond 24-week gestation).
The drugs used in the ACLS protocol should be used
in standard doses during pregnancy (41). However,
the volume of distribution is increased in pregnancy.
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Therefore, if a desired response is not obtained, higher
doses should be administered.
The cesarean section should be started within four
minutes of cardiopulmonary arrest and the baby
delivered by the fifth minute (45–47).
All pregnant women with complaints of blunt abdomi-
nal trauma, however minor, must be assessed care-
fully for abruption, fetomaternal hemorrhage, uterine
rupture, fetal demise, and preterm labor and delivery.
Trauma and hospitalization further increase the risk of
thromboembolism beyond that of nonpregnant patients
and particular care should be taken to provide prophy-
laxis against venous thrombosis.
Most authorities recommend 24 hours of fetal monitor-
ing after blunt trauma to detect insidious uterine
hemorrhage and delayed placental abruption.
Minimal exposure of the fetus to maternal anesthetics
and decreased maternal morbidity and mortality are
well-recognized advantages of regional anesthesia
during pregnancy (85).
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INTRODUCTION

Terrorism represents a public health emergency with the
potential for mass casualties. Terrorist incidents have the
potential to load mass casualties via emergency medical
services (EMSs) into the emergency rooms, trauma bays,
operating rooms, and intensive care units of any community.
The trauma systems of most communities represent the
system most likely to be used in response to mass casualties,
because they have built-in triage, prehospital care, inte-
gration with emergency services agencies, and rapid assess-
ment and life-saving care in trauma centers. Trauma systems
evolved in response to the epidemiology of traumatic injury
in the 1960s, and will undergo further evolution in order to
respond to chemical, biological, radiological, and explosive
terrorism. This has already been recognized by federal
agencies such as the Centers for Disease Control (CDC)
and some states have formally designated the trauma
system as the prime planner and responder for such
casualties (1).

Weapons of mass destruction (WMD) include

chemical, biological, and radiological (CBR) agents designed
to produce mass casualties against unprotected persons.
Well-equipped military forces are prepared to deal with such
attacks with minimal casualties. Indeed such preparation
serves as a deterrent to an enemy using such weapons.
Civilian population centers are highly vulnerable, however,
and represent the terrorist’s preferred target in producing
a spectacular and devastating attack. Proper preparedness
by practitioners, civil agencies, and hospitals can limit the
physical and psychological effects of such attacks.

BIOLOGIC AGENTS
Brief History
In September 2001, the U.S. postal system was used in a bio-
logical agent attack using letters with weaponized Bacillus
anthracis spores. In this, 22 persons developed anthrax and
5 of 11 persons with inhalational anthrax died. Over 30,000
people were started on antibiotic prophylaxis. Although

crude in its method of delivery, the attack had significant
economic and public health impacts (2). Hoax attacks contin-
ued to cause disruptions for several months.

Although the recent U.S. anthrax attacks may seem as
a new threat, biological agents are the oldest of the CBR triad
and have been used in warfare for over 2500 years (Table 1).
Biological agents occur naturally in the environment, but
many have been refined and made more virulent and resist-
ant to therapy in weapons laboratories. Some bacterial toxins
have also been developed for use as biological weapons
(BWs). Most notable is the botulinium toxin, which can
produce death after being ingested or inhaled in minute
quantities. The eradication of smallpox as declared by the
World Health Organization (WHO) in 1980 is threatened
by the possible weaponization of stockpiled virus and use
against now unvaccinated populations.

Between 15 and 25 countries are currently suspected of
possessing BWs. Political and economic instability threatens
control of stockpiles. Terrorist groups have included these
weapons in their armamentarium. These agents are more
deadly on a compound per weight basis than chemical
agents. They can be produced at relatively low cost and
delivered surreptitiously via a building ventilation system,
aerosolized via an aircraft or rooftop dispenser, or placed
into the food or water system. Biological agent attacks
have a slower course than other WMD attacks, but have
the greatest potential impact for casualties by weapon size
and cost (Table 2).

Characteristics of Biologic Agents
General Properties
Despite differences between the various types of biological
agents, these agents, bacteria, viruses, and toxins share
some common characteristics. The primary route of

infection, or “portal of entry,” for biological agents is by
inhalation (pulmonary). As biological agents are nonvola-
tile (do not evaporate), they must be dispersed in aerosols as
1 to 5 mm size particles (1/30,000 of the diameter of a hair),
which may remain suspended in the air for hours (depend-
ing on weather conditions). If inhaled, the particles will
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deposit deep into the terminal air sacs of the lungs, thus
causing disease. Biological agents are affected by weather
conditions.

Each of the biological agents can be easily dissemi-
nated from a point source such as industrial sprayers
modified to generate the small particle size. The aerosol
can also be delivered along a line from a moving generator
in an airplane or boat traveling upwind from the intended
target. Military weapons have been designed to deliver bio-
logical agents in warheads and bomblets. The ideal biologi-
cal agent can be: (i) delivered as an aerosol, (ii) has a high
disease/infection ratio, (iii) maintains viability/infectivity
in various environments, and (iv) has a vaccine or other pro-
phylaxis to protect the attacker. Only few of the thousands of
known microorganisms meet these requirements. Few

biological agents are classified by the CDC as Class “A”
agents (Table 3). Class “A” agents are those that pose a
risk to national security because they “can be easily dissemi-
nated or transmitted from person-to-person, cause high mor-
tality with potential for major public health impact, might
cause public panic and social disruption, and require
special action for public health preparedness (3).”

Potential Impact of a Biological Agent Release
The BW agents have the potential for causing widespread
illness and death. In a 1997 study published by the CDC,
an attack on a fictional population of 100,000 using aeroso-
lized anthrax spores would result in 50,000 cases of illness
and 32,875 deaths. A similar attack using tularemia would
result in 82,500 cases of illness and 6188 deaths, while
Brucella melitensis would cause 82,500 cases and 418 deaths.
Morbidity and mortality could be drastically reduced
through a combination of surveillance and early adminis-
tration of appropriate antibiotics. The economic cost of
managing a 100,000 case exposure to anthrax spores could
be as high as $26 billion (4). The psychological impact to
the rest of the country and to the world would be profound.

Outside a few professional groups and some military
personnel, there is generally a very poor understanding of

Table 1 A Brief History of Weapons of Mass Destruction Use

600 B.C.—Assyrians poisoned wells with ergot

400 B.C.—Spartan Greeks use sulfur flames against enemy soldiers

1346—Siege of Kaffa: plague corpses catapulted into fort

1750—French; Indian War: Indians given smallpox blankets

World War I—poison gas use kills 90,000 troops

World War II—Japanese Unit 731 dropped plague fleas on

Chinese cities

1945—Nuclear weapons drop on Hiroshima, Nagasaki

1978—Ricin used to kill Bulgarian dissident

1979—Sverlodsk, USSR; accidental weapon anthrax release, 250

dead

1979—Iraq, Iran—chemical attacks: 47 attacks, 3000 dead

1995—UN survey in Iraq: 19,000 L botulinum, 8500 L of anthrax

1995—Sarin terrorist attack on the Tokyo subway: 12 dead, 5000

ill

2001—Anthrax letters sent in United States: 22 ill, five dead

Table 3 Centers for Disease Control Critical Biological Agents Categorization

Biological agent Disease

Category A

Variola major Smallpox

B. anthracis Anthrax

Y. pestis Plague

C. botulinium toxins Botulism

F. tularensis Tularemia

Filoviruses, arenaviruses Viral hemorrhagic fevers

Category B

Coxiella burnetti Q fever

Brucella species Brucellosis

Burkholderia mallei/pseudomallei Glanders/meloidosis

Alphaviruses Venezulian, eastern, western equine

encephalomyelitis

Toxins—ricin, staphylococcal, 1-C. perfringens Toxic syndromes

Rickettsia prowazekii Typhus

Chlamydia psittaci Psittacosis

Food safety threat agents: Salmonella, Shigella, Escherichia coli O157:H7 Infectious diarrhea

Water safety threat agents: Cryptosporium parvum, Vibrio cholerae Cryptosporidosis; cholera

Category C

Emerging pathogens susceptible to future development as biologic agents: nipah virus, hantavirus, tickborne

hemorrhagic fever viruses, tickborne encephalitis virus, yellow fever and multidrug-resistant tuberculosis

Table 2 Effect of 50 kg Suitcase Weapon Activated

Metropolitan Center

Weapon Deaths Contamination

Conventional explosives �100 None

Dirty bomb �100 High

Thermonuclear bomb 100,000 High

Chemical agent 150,000 High, then low

Biological agent 200,000þ Low
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BWs. Bacteria and viruses are often perceived by the public
to be invisible agents that have the ability to attack at will
and spread from person-to-person and against which there
are no means of self-protection. In the event of a real or
threatened BW attack, many unaffected people will attribute
various nonspecific symptoms to toxins or infectious agents.
When a biological agent is suspected and a call for assistance
is made, the emergency response will cross jurisdictions and
will include fire personnel, EMS, law enforcement, specially
trained response teams like Metropolitan Medical Strike
Teams, Chemical/Biological Incident Response Forces,
federal agencies, public health departments, and various
experts in biological warfare.

Epidemiological Clues for Identifying a Biological Agent Attack
Symptoms developing after BW attacks are delayed

and nonspecific, making the initial diagnosis difficult.
Health-care providers should seek a number of clues when
trying to identify the cause of an unusual infectious out-
break. There are a limited number of possible presenting
symptom complexes. After a characteristic incubation
period following aerosol exposure, most biological agents
may present as an initial influenza syndrome with fever,
chills, malaise, headache, and myalgia. Some biological
agents rapidly develop into a pulmonary syndrome with
dyspnea, cyanosis, chest pain, and radiological abnormal-
ities. Encephalitis may occur with some select viral agents,
typified by photophobia, confusion, and nuchal rigidity.
Maculopapular, vesicular pustular, or ulcerative skin
lesions, with or without bleeding abnormalities, may occur
with some agents. Unexplained death or flaccid paralysis
may be indicative of the use of biological neurotoxins.

Recognizing these clues or patterns of illness will alert
medical personnel to begin interviewing patients and their
families to obtain useful epidemiological information for
public health officials. Questioning should focus on the
patient’s recent history of travel, infectious contacts, employ-
ment, and activities over the preceding three to five days
(Tables 4 and 5).

Bacteria as Biologic Agents
Anthrax
In early April 1979, an accidental release of anthrax
spores occurred at a military compound in Sverdlovsk, in
the former Soviet Union, which was identified as a micro-
biology facility. Inside this military production facility
(Military Compound No. 19), workers were weaponizing
anthrax by filling warheads and bombs with the agent.
Reportedly, while the dayshift workers were drying
anthrax and making it into a powder, they discovered that
the safety air filters had become clogged. The filters were
removed but not replaced by the next shift of workers,
causing weapon-grade anthrax spores to be released in the
air. Within 10 days, residents living downwind from the
compound developed high fever and difficulty breathing,
and a large number died. The USSR admitted to only 66
deaths although other sources indicated over 250 deaths.
Animal cases of anthrax occurred 30 miles away (5).
Anthrax was used in 1995 by the Aum Shinrikyo group
who dispersed anthrax from the roof of their building in
Japan. Fortunately, the strain used was a nonpathogenic
type from vaccine production (6). The 2001 attack in the
United States used a highly processed, easily aerosolized
spore powder that caused 22 confirmed anthrax cases

through the mailing of likely only a few grams of powder
in a few postal letters.

Pathophysiology
Bacillus anthracis is a gram-positive, rod-shaped organism
that becomes infectious when it converts into a spore and
enters a host. The spore germinates within a macrophage,
which is then transported to regional lymph nodes where
local production of toxins causes edema and necrosis of
the tissue leading to bacteremia, toxemia, and death.
Under normal circumstances, anthrax infections occur in
animals, such as sheep, cattle, and horses. Humans may
become infected with anthrax if they handle contaminated
animal fluids or hides. Cases of anthrax are rarely found in
industrialized countries because vaccines are available for
both animals and humans. The anthrax bacilli exist in a vege-
tative form and as spores. Under adverse environmental
conditions, these vegetative forms revert into environmen-
tally resistant spores, which may be viable and infectious
for up to 50 years.

Anthrax causes disease after inoculation of open or
minor wounds (cutaneous anthrax), ingestion (gastrointesti-
nal anthrax), or inhalation (inhalational anthrax) of the
spores. The inhalational route has the highest mortality
and is the most likely route of exposure in a biological
attack because the spores are easily disseminated by aeroso-
lization. An untreated skin infection has a mortality rate of
20% if septicemia develops (treated less than 1%), compared
with 90% mortality rate when anthras involves the lungs
(inhalation). Inhalation of aerosolized anthrax spores
was the route used in a terrorist biological attack, in the

United States in 2001. In this attack, 5 of 11 inhalational
anthrax cases died, for a treated case mortality of 45%. The
vegetative bacteria do not spread inhalation anthrax, and
there is no person-to-person transmission.

Signs and Symptoms
Following the inhalation of about 10,000 spores, alveolar
macrophages engulf the spores and the bacteria become
vegetative and are transported to the tracheobronchial
nodes. Early symptoms are nonspecific: malaise, nonproduc-
tive cough, and/or chest discomfort. Within one to six days,
there is a sudden onset of respiratory distress, dyspnea,
stridor, and cyanosis. Tracheobronchial nodes undergo
necrotizing edematous lymphadenitis, progressing to a med-
iastinitis and pulmonary edema, with or without a bloody
pleural effusion.

Fifty percent of cases may rapidly develop concurrent
hemorrhagic meningitis with bloody cerebral spinal fluid.
Septicemia, toxic shock, and death occur within 24 to 36
hours.

Following a major attack, cutaneous anthrax cases
might appear in conjunction with inhalational cases. In the
U.S. 2001 attack, half of anthrax cases were cutaneous
anthrax. Skin lesions appear one to five days after spores are
introduced into skin abrasions. One to two vesicles appear
on the skin with regional edema and lymphadenitis. Most
patients with small lesions are febrile. The lesions develop
into a painless necrotic ulcer with a black eschar base. The
black coal-like appearance of the eschar gives Anthrax its
name (Fig. 1). The ulcer may spontaneously heal within two
to three weeks, however, 20% of the cases may develop
septicemia and death, although treated cases have low
mortality.

Symptoms begin to develop within one to six days of
exposure and include fever, generalized muscle aches,
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cough, and fatigue. Patients then develop severe respiratory
distress, go into septic shock, and die within 24 to 36 hours
without aggressive treatment. Physical findings are usually
nonspecific. Natural cases were historically associated with
a hilar or mediastinal adenopathy or widened mediastinum
with or without a bloody pleural effusion, without evidence
of infiltrates. However in the 2001 U.S. attack, 10 of 11 cases
had an abnormal chest X ray, seven had infiltrates, eight had
pleural effusions and seven had mediastinal widening.

Diagnosis and Treatment
Definitive diagnosis is made by a gram stain of the blood and
blood cultures using routine media. These findings may not

be evident until late in the course of the illness. Only the
encapsulated bacteria are visualized. Enzyme-linked immu-
nospecific assay (ELISA) and immunohistologic testing may
also be helpful to confirm the diagnosis. Chest X ray and CT
scans of the chest may reveal pulmonary infiltrates, pleural
infusions, and mediastinal widening (Fig. 2). Prior to the
2001 U.S. attack, almost all cases of inhalational anthrax
were fatal in which treatment was initiated after the devel-
opment of significant symptoms. However, the aggressive
and early therapy given the 2001 victims allowed 6 of 11
inhalational cases to survive. Penicillin had been previously
regarded as the treatment of choice, however, the CDC now
advises initial use of doxycycline or ciprofloxacin, with a
switch to penicillin if sensitivities allow. Penicillin-resistant
anthrax has been recovered in one fatal human natural
anthrax case. Genetic manipulation of weaponized anthrax
might allow multiply resistant anthrax. In the absence of
sensitivity data, empiric therapy should be used. In addition
to ciprofloxacin and doxycycline, one or two additional anti-
biotics should be used such as rifampin, vancomycin, peni-
cillin, amoxicillin, streptomycin, imipenem, clindamycin,
or clarithromycin.

Plague
The plague has been the cause of a number of devastating
historic epidemics, including the “Black Death.” The
first epidemic of plague in Europe was probably the result
of deliberate infection during warfare. During a Mongol
siege of a Genoese trading post at Kaffa on the Black Sea
in 1347, plague-ridden corpses were catapulted over the
walls of the fort. The Genoese traders eventually escaped,
but unfortunately their ships brought their rats and their
plague-ridden fleas to Europe. Twenty-five million people
died in the next four years throughout Europe. This 30%
drop in population was not recovered for over 300 years

Figure 1 Lesion of cutaneous anthrax associated with

microangiopathic hemolytic anemia and coagulopathy in a seven-

month-old infant. By hospital day 12, a 2-cm black eschar was

present in the center of the cutaneous lesion. Source: From Ref. 92.

Table 5 Infection Control Measures Required for Biological Agents

Biological agent

Type of isolation

required Patient placement Provider measures

Anthrax, botulism,

and tularemia

Standard precautions Private room only if noncompliant in

maintaining appropriate hygiene or

environmental control

Handwashing, gloving; if sprays

of body fluids possible, then

masks, goggles or face shield

Infectious

diarrheas,

i.e., cholera

Contact precautions Private room or with a patient(s) who has

active infection with the same

microorganism but with no other

infection (cohorting)

Gown and gloves; goggles or

face shield per standard

precautions

Plague Droplet precautions

until 72 hr of

antibiotics

Private room or with a patient(s) who has

active infection with the same micro-

organism but with no other infection

(cohorting)

Wear a surgical mask when

working within 3 ft of the

patient; when patient contact

is likely, use contact precau-

tions—gown and gloves

Smallpox,

tuberculosis

Airborne precautions Private room that has negative air pressure

and 6–12 air changes per hour, and high-

efficiency filtration of room air before

discharge to other areas in the hospital

Standard precautions plus N95

respirator; when patient con-

tact is likely, use contact pre-

cautions—gown and gloves;

goggles or face shield per

standard precautions

Hemorrhagic

fevers, i.e., ebola,

lassa,

marburg

Contact precautions,

airborne and

droplet precautions

for hemorrhage

Private room that has negative air pressure

and 6–12 air changes per hour, and high-

efficiency filtration of room air before

discharge to other areas in the hospital

Standard precautions and wear

N95 respirator gown, gloves,

goggles; treat all body fluid

stained material as infective
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(7). Japanese aircraft dropped plague fleas over historically
plague-free northern Chinese cities during World War II.
Epidemics of plague ensued and the region still has
endemic plague (8).

There were 3000 cases of plague reported worldwide
in 1994, and five cases in the United States in 1996. There
have been 390 documented cases of plague in the United
States since 1947. Of these, 84% were bubonic, 13% septice-
mic, and 2% pneumonic. Death rates were 14%, 22%, and
57%, respectively (9). In 1993, 10 confirmed cases of human
plague were reported from New Mexico (six cases), Color-
ado (two cases), Texas (one case), and Utah (one case).
Seven of these cases were bubonic plague, two were
primary septicemia, and one was primary pneumonic.
Nine of the 10 patients recovered with antibiotic therapy,
and one patient died. For three patients, the probable
mode of transmission was a flea bite, two were infected by
domestic cats with visible signs of infection, and the mode
of transmission could not be determined in the remaining
five cases. Nearly all fatal plague cases in the United States
result from delay in seeking treatment or from improper
diagnosis (10). Prairie dogs in the southwest United States
are major reservoirs of plague.

Pathophysiology
Yersinia pestis is a gram-negative, rod-shaped organism that
is nonmotile and does not sporulate. The organism is killed
when exposed to sunlight and temperatures above 728C for
15 minutes but is resistant to near freezing temperatures
and can remain viable in dry sputum, flea feces, and buried
bodies. This organism normally causes infection in rodents
(e.g., rats, mice, and ground squirrels). Fleas living on the
infected rodent can pass the disease on to humans. All
human populations are susceptible to the plague and recov-
ery from the disease may be followed by a temporary immu-
nity. The plague is spread to humans from either the bite of an
infected flea or by inhaling the organism. Infection occurs in
three forms: bubonic plague, which involves lymph nodes
closest to the bite of infected fleas; pneumonic plague,
which is an infection of the lungs; and septicemic plague,
which is a generalized infection in the blood from the bacteria
escaping through the lymph nodes or lungs. In 2.5% of the
cases, plague septicemia may develop directly without a clini-
cally apparent lymphadenitis. Pneumonic plague is the more
likely disease due to result of deliberate attack. In 1970, the
WHO predicted that if 50 kg of Y. pestis were released as

an aerosol over a city of 5 million, pneumonic plague would
result in 150,000 people, and 36,000 people would be expected
to die (11). Plague bacilli would remain viable for up to one
hour in a plume that would spread up to 10 km. Pneumonic
plague results within two to three days after aerosol inhala-
tion of bacilli (from a BW or from respiratory droplets from
another infected patient). There is a sudden onset of fever,
chills, and an influenza-like syndrome followed within 24
hours by the onset of a fulminant pneumonia with hepatocel-
lular damage and systemic toxicity. Coagulation abnormal-
ities are common and severe ecchymosis may occur, hence
“Black Death.” Oropharangeal primary infections may pro-
gress to fulminant pneumonia following endobronchial
aspiration of plague bacilli. This fulminant pneumonia is
rapidly followed by systemic toxicity, respiratory failure,
and circulatory collapse. Six percent of pneumonia cases
have accompanying meningitis.

“Classical” bubonic plague occurs from the bite of an
infected flea. There is initial erythema, fever, and rigors
which typically progresses to overt bubo formation in
regional lymph nodes. Septicemia normally develops 2 to
10 days later. Buboes may be aspirated, but should not be
surgically drained.

Signs and Symptoms
Two or three days after inhaling the plague organism, the
patient will develop high fever, myalgias, chills, headache,
cough with bloody sputum, and signs of overwhelming
infection (including pneumonia). Chest X ray may show
patchy infiltrates or consolidation, with this pneumonia pro-
gressing rapidly, causing dyspnea, stridor, and cyanosis.
Eventual respiratory failure, circulatory collapse, and labora-
tory evidence of disseminated intravascular coagulation
(DIC) develop.

Acral gangrene may be a late complication in survi-
vors. The bacterial coagulase gene is temperature sensitive
and becomes active at temperatures less than 378C, such as
at the extremities. Acral gangrene may be a late complication
of pneumonic or septicemic plague, and may occur in the
fingers, toes, earlobes, nose, and penis.

Pneumonic plague is highly communicable under
appropriate climate conditions. There are few fulminant
pneumonias caused by Gram-negative bacilli other than
plague. For patients with confirmed pneumonic plague,
respiratory droplet isolation with precautions against air-
borne spread is required until sputum cultures are negative.

Figure 2 Chest radiograph and computed tomography (CT) image. (A) Portable chest radiograph of 56-year-old man with inhalational

anthrax depicts a widened mediastinum (white arrowheads), bilateral hilar fullness, a right pleural effusion, and bilateral perihilar air-space

disease. (B) Noncontrast spiral CT scan depicts an enlarged and hyperdense right hilar lymph node (white arrowhead), bilateral pleural

effusions (black arrowheads), and edema of the mediastinal fat. Source: From Ref. 96.
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Accidental exposures to health-care workers are managed by
giving postexposure tetracycline or doxycycline therapy for
a minimum of seven days.

Diagnosis and Treatment
Diagnosis can be made by microscopic identification of the
characteristic bipolar-staining, “safety pin”-shaped organ-
ism, and by culturing lymph node aspirates, sputum, or cer-
ebrospinal fluid samples. Immunoassays are also available.
Respiratory isolation is mandatory for the first 48 hours of
treatment. Treatment must be started within 24 hours of
the onset of symptoms to impact patient survival. The
Working Group on Civilian Biodefense recommends treat-
ment of adult pneumonic plague in the contained setting
with streptomycin 1 g IM twice daily, gentamicin 5 mg/kg
IM, or gentamicin as a 2 mg/kg loading dose IM or IV and
then 1.7 mg/kg IM or IV three times daily. Alternatives are
doxycycline 100 mg IV twice daily or 200 mg IV once daily,
ciprofloxacin 400 mg IV twice daily, or chloramphenicol
25 mg/kg IV four times daily. In the mass casualty setting
and for postexposure prophylaxis, doxycycline 100 mg
orally twice daily or ciprofloxacin 500 mg orally twice
daily are indicated, with the alternative being chlorampheni-
col 25 mg/kg (12). Treatment of children with pneumonic
plague is with streptomycin or gentamicin. Doxycycline,
ciprofloxacin (not over 1 g/day), or chloramphenicol (if
over two years) are alternates.

If adequate warning of a biological attack with the
plague is provided, prophylaxis with doxycycline or cipro-
floxacin may be effective. Enamel staining of teeth by doxy-
cycline or tetracycline only occurs with multiple repeated
courses.

Tularemia
Tularemia, although potentially of less lethality than plague,
can cause serious, difficult to diagnose illness. It has been
developed as a biological weapon by both the United
States and the Soviet Union (13).

Pathophysiology
Francisella tularensis is a nonmotile, Gram-negative cocco-
bacillus that typically causes disease in animals (e.g., rabbit
fever and deer fly fever). It was discovered in 1911, in
Tulare County, California. Humans become infected by
handling diseased animal fluids or by being bitten by
infected deer flies, mosquitoes, or ticks. Spores are not
formed, but the organism can remain viable for weeks in a
number of mediums and can be easily spread by aerosol.
After infection occurs, the bacteria spread to regional
lymph nodes and the reticuloendothelial system, leading to
bacteremia with secondary spread to the lungs and other
organs.

Francisella tularensis is resistant for months to freezing
temperatures, but is easily killed by heat and disinfectants.
Almost 100% of those exposed to tularemia will become
infected, but only about 5% mortality occurs in treated
victims of the naturally occurring disease. The case fatality
rate with all forms of untreated typhoidal disease is approxi-
mately 35%. Recovery is followed by permanent immunity.
Tularemia occurs in many forms, but inhaling as few as
10–50 organisms will cause disease verses the 100 million
organisms that need to be ingested to cause disease. Inhala-
tion is the most deadly route of exposure and the likely route
due to terrorism. Ingestion or inoculation, through minor
skin lesions or arthropod bites, results an ulceroglandular

form of the disease of lesser lethality. Tularemia is a
disease marked by inflammation and necrosis, which may
occur, singularly or in combination, in the lung, oropharynx,
eye, skin, and lymph nodes. The disease progresses over 7 to
14 days. Inhalational tularemia is characterized by necrosis
of the alveolar septa and regional nodes. Fifty percent of
patients initially presenting with cutaneous ulcers will pro-
gress on into a secondary pleuropulmonary infection.
Long-term complications may include mild hepatitis and
renal damage.

Signs and Symptoms
Within 2 to 10 days of inhalational exposure, victims will
begin to develop fever, chills, headache, generalized
muscle pain, nonproductive cough, and pneumonia. If the
organism was ingested or inoculated, symptoms will
also include regional lymphadenopathy, with or without
cutaneous ulcers.

Diagnosis and Treatment
Confirmation of the diagnosis is problematic because
growing the organism in culture is difficult and hazardous
to laboratory personnel. Staining of ulcer fluids or sputum
is also generally not helpful. Chest X rays will show a non-
specific pulmonary infiltrate. Diagnosis can be established
retrospectively by serology. The pattern of outbreak can be
helpful as a point source, and urban, nonagricultural
origin is more indicative of deliberate attack.

The Working Group on Civilian Biodefense rec-
ommends treatment of adult patients includes antibiotic
therapy for 10 days with gentamicin 5 mg IV or IM/kg/day
or streptomycin 1 g IM twice daily. Alternatives are 14 to 21
days of doxycycline, chloramphenicol, or ciprofloxacin. Post-
exposure prophylaxis is with ciprofloxacin 500 mg orally
twice daily or doxycycline 100 mg orally twice daily (14).

Viral Biologic Agents
Viruses are the simplest type of microorganism and are com-
posed of only genetic material (RNA or DNA) surrounded
by a protein coat. Viruses are much smaller than bacteria
and lack a system for their own metabolism, needing a
host to survive. This host can be a plant, animal, insect, bac-
teria, or human. Many viruses attack specific types of cells
and use the host cell’s chemical energy and protein synthe-
sizing capabilities to replicate. The virus brings about
changes in the host cells resulting in disease (including
cancer) and death. In some cases, the exact mechanism by
which viruses produce direct cytopathic effects is not com-
pletely understood. Some viral infections result in immune
complex deposition, which activates complement and
other inflammatory cascades that damage the vascular endo-
thelium. In other cases, viruses activate the clotting cascade,
resulting in DIC. Systemic effects of some viruses can also be
enhanced by specific end-organ system failures. As an
example, yellow fever causes massive hepatic necrosis and
depletion of the vitamin K dependent clotting factors. The
uremia that complicates the acute renal failure of some
Hantaan virus infection leads to platelet dysfunction and
further promotes hemorrhage. A few viruses can be
treated with drugs (antivirals), however, vaccination, when
available, is the most effective means of preventing infection.

Smallpox
Smallpox was caused by the variola virus, an orthopox virus,
which caused both a major and minor form of the disease.
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Smallpox is a contagious agent that would be relatively easy
to produce and disseminate as a biological agent. Smallpox
was used as a BW during the French and Indian War
(1754–1767) when British forces distributed blankets from
smallpox patients among American Indian tribes allied
with the French. Epidemics occurred and some tribes lost
50% of their population (15). In the 1900s, smallpox had mor-
tality rates averaging 30% in unvaccinated individuals and
3% if vaccinated. Smallpox was declared eradicated by the
WHO in 1980 and is the only epidemic infectious disease
to date that has earned this distinction. The United States
stopped its civilian vaccination program in 1981. Despite
eradication, concerns over clandestine stockpiles of the
agent still remain. The Soviet Union is thought to have weap-
onized the agent. With a large, highly mobile and unvacci-
nated population, a deliberate attack with smallpox could
spread rapidly throughout the United States and the world.

Pathophysiology
Spread via droplets expelled from the oropharynx and
inhaled within 2 to 3 m (16). Only about 30% of exposed
individuals subsequently become ill, making it less commu-
nicable than measles or influenza. Airway exposure to the
virus is followed by viral replication in the regional lymph
nodes of the airways and viremia occurs about 12 days
later with the onset of an influenza-like syndrome. A
febrile prodrome occurs during this time. The virus dissemi-
nates to the spleen, liver, and lung. An initial mild erythema-
tous rash is followed two to three days later by exanthema
on the face, arms, and hands.

Signs and Symptoms
The appearance of the characteristic rash following the febrile
prodrome occurs 7 to 17 days after exposure. Initial macules
progress to papules, to pustular vesicles, and scabs within
8 to 10 days. The rash progresses in a centripetal fashion
from the head and extremities and moves towards the body.
In 90% of cases, the disease progresses by the classic pattern.

In smallpox, all lesions are the same age (synchro-

nous) in their development instead of “crops” seen in vari-
cella (chickenpox). Varicella, on the other hand, causes
a rash that starts primarily on the trunk and spreads to the
extremities. Other differences between variola and varicella
are given in Table 6. Two clinical variants of typical variola
virus infection are more difficult to recognize. Hemorrhagic
smallpox is uniformly fatal and occurs in all ages and
both genders, but is more common in pregnant women.
It is associated with a more rapid course and with a dusky
erythema followed by petechiae and hemorrhages.
Malignant smallpox is frequently fatal. This too has an accel-
erated course. The skin lesions are confluent, flattened, and
do not develop to the pustular stage but remain soft to the
touch (17).

Diagnosis and Treatment
All contacts must be quarantined for at least 17 days and
patients are kept isolated until the scabs completely heal
over. The disease can be transmitted by aerosol, so airborne
precautions must be observed (e.g., negative pressure room,
N-95, or better respirator). Sample preparation and shipping
requires the assistance of local public health authorities. Lab-
oratory handling of viral samples requires use of designated
national high-containment (Biolevel 4) facilities. Document-
ing the virus on electron microscopy of a vesicular sampling
will confirm the presence of a poxvirus. The diagnosis can be
confirmed by tissue culture and genetic typing methods.
Aggregates of the variola virus may be seen by light
microscopy (Guarnieri bodies). Once the diagnosis is estab-
lished, clinically typical cases will not require further testing.

Treatment of the patient with smallpox infection is sup-
portive. Antibiotics are used when indicated for secondary
infections. Cidofovir has been suggested as being effective
in preventing smallpox infection if given within one to two
days of exposure (18,19). There is no human study showing
it would be effective in established smallpox infection and
its intravenous-only dosing and renal toxicity limits its use.

The plan for managing a smallpox outbreak would
be to rapidly vaccinate all contacts of index cases with live
vaccinia (cowpox) virus. The United States and several
other western countries have stockpiled new vaccine
supplies sufficient for their populations since the 2001 U.S.
anthrax attacks. The WHO maintains 20 million doses of
the vaccine. Contacts are all household members and all
face-to-face contacts after the index case developed a fever.
Postexposure prophylaxis is performed by giving live
vaccine to uncomplicated patients up to one week postexpo-
sure. Vaccine and vaccinia immune globulin is given postex-
posure to those at risk of vaccinia complications, such as
patients who were pregnant, those with a history of
eczema, psoriasis, unhealed burns, or other exfoliative skin
disorders, or were immunocompromised. Emergency vacci-
nation would also include all clinic, hospital, and emergency
services workers where cases might be received as well as
disaster resource staff such as police, firefighters, transit
workers, public health staff, and mortuary staff. Vaccination
given within four days is shown to offer some protection
against disease and significant protection against mortality
(20). Preexposure prophylaxis of those 500,000 U.S. workers
likely to respond to a smallpox attack was supposed to be
carried out in 2003, but participation was poor with fewer
than 10% of eligible workers being vaccinated (21).

Hospitals are at special risk to smallpox given its
aerosol person-to-person spread. Staff working with small-
pox victims should have been previously vaccinated or
revaccinated. Home care is reasonable for many patients
given the supportive nature of care. Isolation of all contacts
would be difficult, and since the contagious period occurs
with fever and rash, contacts should have temperatures
taken daily. Those over 388C (1018F) would be isolated at
home until determination whether the person had smallpox.
Close contacts would be vaccinated.

Not all patients and contacts may cooperate in observ-
ing isolation after counseling and persuasion. Although not
all jurisdictions, many delegate broad discretionary power
on health authorities to maintain quarantine. Smallpox out-
breaks in Europe in the 1960s and 1970s were sometimes
associated with public alarm and demands for mass vacci-
nation, despite existing high levels of vaccination coverage
(16). A new outbreak in the United States may also create a
large public demand for immediate mass vaccination.

Table 6 Pustules—Smallpox vs. Chickenpox

Smallpox (Variola) Chickenpox (Varicella)

Centrifugal pattern Centripetal pattern

Lesions all at the same stage Lesions in various stages

Slow evolution Rapid evolution

Deep lesions: circular

and regular

Superficial lesions: oval

or irregular

Scarring: severe Scaring: mild
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Hemorrhagic Fever Viruses
The hemorrhagic fever viruses (HFV) are a diverse group of
illnesses caused by a variety of RNA viruses with a wide
range of morbidity and mortality. Each of these viruses has a
unique history and is capable of being spread in most cases
by an aerosol or fomite (except dengue virus). The HFV
agents, especially Marburg and Ebola, allegedly have been
considered for weaponization. The clinical syndrome that
these viruses cause in humans is called viral hemorrhagic
fever (VHF). Four RNA virus families cause VHF: the
Filoviruses, the Bunyaviridae, the Flaviridae, and the Arena-
viridae (Table 7). These viruses include: Ebola, Marburg,
Dengue, Yellow Fever, Crimean-Congo Fever, Hantaan
Viruses, and Lassa Fever. Not all HFVs are considered likely
to be used as biological agents, due to difficulty in aerosoliza-
tion (e.g., Dengue) or difficulty in large-scale production (e.g.,
Hantavirus and Congo–Crimean hemorrhagic fever). The
lethality of Ebola and Marburg HFVs (Filoviridae) have been
the subjects of popular fiction books and dramatic movies.
The first outbreak of this virus occurred in Sudan and Zaire
in 1976. A second outbreak occurred in Sudan in 1979. A
single index case in Zaire in 1995 caused a large outbreak of
approximately 300 cases. Four cases of Marburg disease in
humans have been identified.

Pathophysiology
Not all infected patients develop VHF. The reasons for this
vary depending on various host factors, differences
between virus strains, and a number of immunologic mech-
anisms. What is consistent among each of these RNA viruses
is that the target organ is the vascular bed, which results in
widespread microvascular damage and changes in vascular
permeability. These viruses use a variety of insect or rodent
vectors. The natural reservoir for the filoviridae is unknown.

Signs and Symptoms
Patients with VHF initially present with fever, myalgias, and
prostration. Clinical evaluation may reveal conjunctival
injection, petechial hemorrhages, and hypotension. Full-
blown cases will evolve into shock and generalized
mucous membrane hemorrhage with involvement of the res-
piratory, hematopoietic, and central nervous systems (CNS).
Laboratory evaluation may reveal renal insufficiency, abnor-
mal liver enzyme tests, and elevated bilirubin—all of which
reflect a poor prognosis. Mortality rates range between 50%
and 80% for strains of Ebola (22). As most strains of VHFs are

known to spread in the hospital environment, universal pre-
cautions are essential. The VHF can be transmitted by bodily
fluids, but the exact mechanism is unknown. This disease
does not appear to be readily transmitted by the airborne
route. The highest risk of transmission is during the latter
stages of the illness, which are characterized by vomiting,
diarrhea, shock, and hemorrhage. Universal precautions
are essential because most strains of VHFs are known to
spread in the hospital environment. Patients suspected of
having VHFs should be isolated in a single room with an
adjoining anteroom that serves as the only entrance. This
anteroom should be stocked with personal protective gear
(gloves, gowns, and masks) for staff. The patient’s room
should have negative air pressure compared with the ante-
room and the outside hall. Strict barrier-nursing techniques
should be enforced. Patients should be cared for at the hos-
pital where they were first seen, as transferring patients may
increase the potential for secondary transmission. These
viruses are easily inactivated with soaps, detergents, and
routine disinfectant solutions (23). In previous outbreaks,
simple barrier-nursing was enough to reduce health-care
provider infection rate to virtually zero.

Diagnosis and Treatment
A detailed travel history and high index of suspicion are key
components in making a diagnosis. This diagnosis should be
suspected in any patient presenting with a severe febrile
illness with evidence of vascular involvement, especially
one who has traveled to known infectious areas. Multiple
patients presenting with these same complaints should
serve as a warning to a possible biological agent attack.

Suspect cases of HFV are identified using the WHO surveil-
lance standards for acute hemorrhagic fever syndrome.
These are: temperature greater than 1018F (38.38C) of less
than three weeks duration and no predisposing factors for
hemorrhagic manifestations and at least two of the following
hemorrhagic symptoms; hemorrhagic or pupuric rash,
epistaxis, hematemesis, hemoptysis, blood in stools, and
no other established alternative diagnosis. Definitive diagno-
sis requires specific viral studies. The CDC in Atlanta,
Georgia, and the U.S. Army Medical Research Institute of
Infectious Diseases (USAMRIID), Frederick, Maryland, can
provide rapid enzyme immunoassays and genetic typing
and organize sample transportation under biohazard safe
conditions (24).

Treatment is largely supportive and typically requires
intensive care monitoring to avoid fluid overload (pulmon-
ary edema) while maintaining hemodynamic stability and
providing appropriate comfort measures (sedation and
pain medication). Systemic coagulopathy should be treated
in a manner similar to DIC. Ribavirin is an antiviral medi-
cation that has been used in therapy and prophylaxis for
Lassa fever, Hemorrhagic Fever with Renal Syndrome, and
CCHF (25). It may be used empirically if the exact HVF is
not yet identified in early stages of an outbreak. The only
available vaccine is against yellow fever. Other vaccines
are currently under investigation.

Toxins as Biologic Agents
Biological toxins are nonliving, poisonous chemical com-
pounds that are produced by living organisms (animals,
plants, and microorganisms). These agents are up to 1000
times more lethal than standard chemical agents, but
unlike chemicals, are not typically volatile or able to cause
illness through skin absorption. As a result, toxins are not

Table 7 Hemorrhagic Fever Viruses

Family VHF Vector

Filoviridae Ebola Unknown

Marburg Unknown

Arenaviridae Lassa Rodent

New World HFs (Columbian,

Venezuelan, etc.)

Rodent

Bunyanviridae Congo–Crimean HF Tick

Rift valley HF Mosquito

Hantavirus Rodent

Flaviviridae Dengue Mosquito

Yellow fever Mosquito

Omsk HF Tick

Kyasanur forest disease Tick

Abbreviation: VHF, viral hemorrhagic fever; HF, hemorrhagic fevers.
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prone to person-to-person transmission and are not very
persistent when released. Potential toxins usable as biologi-
cal agents include plant toxins such as ricin from castor
beans (26), mycotoxins (27), and bacterial toxins such as sta-
phylococcal toxins or 1-C perfringens toxin (28). The only
toxin on the CDC Class “A” agent list is botulinium toxin.

BotulinumToxin
In the United States, there is an annual median of 24 cases of
food borne botulism, three cases of wound botulism, and 71
cases of infant botulism reported annually to CDC (29). Most
outbreaks result from eating improperly preserved home-
canned foods, with vegetables (asparagus, green beans,
and peppers) being the most common source. In this case,
the closed lid on the bottle created the anaerobic environ-
ment necessary to allow spores of Clostridium botulinum to
germinate and produce the toxin (29,30).

Pathophysiology
Botulinum toxin is a neurotoxin produced by the bacteria
C. botulinum, which causes the disease botulism. This toxin
is the most lethal compound per weight known and is
approximately 15,000 times more toxic per weight than the
nerve agent VX when injected intraperitoneally into mice.
Botulism toxins produce similar effects whether the agent is
inhaled or ingested. However, the onset of symptoms varies
between hours and days depending on the route of exposure
and the initial dose. Botulinum works by irreversibly
binding to the presynaptic neuromuscular junction and
preventing the release of acetylcholine there and at cholinergic
autonomic sites. This interruption of neurotransmission
causes both bulbar palsies and skeletal muscle weakness.

Signs and Symptoms
After exposure to the toxin, a descending (head-to-toe)
paralysis and bulbar palsies become the characteristic symp-
toms. A bulbar palsy is a cranial neuropathy that produces a
loss of function in the nerves that originate from the brain
stem. Symptoms include blurred vision, mydriasis, diplopia,

ptosis, photophobia, dysphagia, and dysphonia. Bulbar
palsies develop first. Soon after, the skeletal muscles
become weak, starting in the upper body and moving down-
wards in a symmetrical fashion. These symptoms may pro-
gress acutely to respiratory failure as a terminal event in as
little as 24 hours. Patients usually remain awake and alert.

Diagnosis and Treatment
Diagnosis is made from the unique clinical presentation of
botulism (bulbar palsies and descending paralysis). Food-
borne outbreaks are extremely rare and will only occur in
small clusters. Epidemics should, therefore, arouse suspicion
of an intentional release. Laboratory testing in the United
States is available only at the CDC and about 20 regional lab-
oratories (31). An electromyography (EMG) may be helpful. A
mouse neutralization assay may help to confirm the diagnosis.
An ELISA test can be performed at specialized laboratories.

Treatment is supportive and may require prolonged res-
piratory support on a ventilator. A bivalent antitoxin (against
A and B toxins) is available and may be effective if adminis-
tered early, but it is associated with a number of adverse
side effects including anaphylaxis and serum sickness
(horse serum product). An investigation anti-E toxin may
soon reach approval. The U.S. government has a supply of
an equine heptavalent antitoxin (A-G toxins) for use in an
emergency. Treatment with the antitoxin should start
without delay and without waiting for laboratory results (32).

CHEMICAL AGENTS

Mass-produced chemical agents saw heavy use during
World War I, killing as many as 90,000 troops. These
weapons were also used in the Iran–Iraq war and are devel-
oped and stockpiled in at least 20 countries.

Nerve Agents
Brief History
The most toxic of chemical agents are the nerve agents
(Table 8). Nerve agents are chemical weapons using

Table 8 Effects of Nerve Agents on Body Systems

Eyes Miosis (pinpoint pupils); the pupil will be unresponsive to light or darkness; accommodation is

reduced so that short-range vision deteriorates; eye pain and frontal headache are often seen

Respiratory system Rhinorrhea which may be so severe as to impede breathing; the degree of rhinorrhea may be used as a

clinical indicator as to when atropine should be administered; bronchoconstriction and dyspnea, due

to increased secretions from the bronchi, and impaired muscular function of the intercostals and

diaphragmatic musculature; mucous plugs may need to be removed from these patients and they may

need assisted ventilation if the dose of nerve agent is sufficient to cause muscular dysfunction

Gastrointestinal system Nausea, vomiting and hypersecretion; the patient may exhibit involuntary defecation and urination

Skin Localized sweating in the area contaminated; the skin is very permeable to nerve agents

Skeletal muscles Twitching and fasciculations due excess cholinergic effect at the nicotinic receptor at the neuromuscular

junction; flaccid paralysis will result from continued stimulation, clinically resembling the clinical

effect of succinylcholine for a rapid sequence induction; assisted ventilation is required for the

patient after flaccid paralysis is induced

Cardiac Bradycardia or tachycardia has been observed after nerve agent exposure; bradycardia occurred in only

3 of 199 accidental exposures to nerve agent at a U.S. arsenal; bradyarythmias, tachyarythmias, and

torsade de pointes have been seen experimentally and in human cases of organophosphorus

insecticide poisoning

Central nervous system Loss of consciousness due to hypoventilation; seizure-like activity as the muscles are stimulated into

fasciculations, tetany and eventually flaccid paralysis; long-term behavioral and psychological

changes in humans after exposure to acetylcholinesterase inhibitors have been reported in the

literature
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organophosphorus compounds that affect nerve trans-
mission by inhibiting acetylcholinesterase. Inhibition of
cholinesterase allows the continued action of acetylcholine
at receptor sites, which results in muscle tetany and glandu-
lar secretion. They were synthesized but not used for
warfare during World War II. Nerve agents were suspected
of being used during the 1980s Iran–Iraq war. Sarin was
used recently in terrorist attacks in Japan. In June of 1994
members of the Aum Shinrikyo doomsday cult released
sarin in an apartment complex in Matsumoto, Japan. This
resulted in almost 300 casualties including seven deaths.
This group carried out a second attack in the Tokyo
subway system in March of 1995. During that event, the
group placed lunch boxes and soda cans containing sarin
on the Tokyo subway. The containers were punctured with
the tips of umbrellas during the Tokyo rush hour by the ter-
rorists. This event resulted in more than 5500 people seeking
medical care. Four thousand people had no injuries, but
reported to hospitals and created difficulty in managing
the true casualties. Five victims arrived with cardiopulmon-
ary or respiratory arrest with marked miosis and extremely
low serum cholinesterase values. Three of those five
survived (33,34).

Nerve Agents in Use
Five organophosphates are regarded as the nerve agents.
They are Tabun (military designation code “GA”), Sarin
(GB), Soman (GD), GF (cyclohexyl methylphosphonofluori-
date), and VX (o-ethyl S-diisopropylaminomethyl methyl-
phosphonothiolate) (35). Agents with the G code
originated in Germany. Here V stands for venomous, indi-
cating these agents are the most potent.

Tabun was the initial nerve agent made when German
chemists were attempting to create an insecticide in the late
1930s. Saran and Soman were two additional nerve agents
created during World War II by Germany. In the 1950s,
more stable nerve agents were developed known as V
agents. The V agents are 10 times more poisonous than
Sarin and are among the most toxic substances ever syn-
thesized. A persistent form of V agent was created (o-ethyl
S-diisopropylaminomethyl methylphosphonothiolate),
commonly known as VX. This remains on material and
terrain for long periods being absorbed primarily through
the skin.

Pathophysiology
Nerve agents exert their biological effects by inhibiting

acetylcholinesterase. Some commonly used pesticides
[the organophosphate (OP) Malathion and the carbamate
Sevin] and some common therapeutic drugs (the carba-
mates neostigmine, pyridostigmine, and physostigmine)
also inhibit acetylcholinesterase and can be considered
“nerve agents.” However, although the OP pesticides
cause the same biological effects as nerve agents, they do
not have as long a duration or potency because they bind
less tightly to acetylcholinesterase (35,36). Acetylcholin-
esterase rapidly hydrolyzes the acetylcholine ester which
acts at the postsynaptic neural junction to cause a nerve
transmission. Inhibition of acetylcholinesterase leads to
acetylcholine acting unopposed. The unopposed action of
acetylcholine causes continual stimulation of skeletal
muscles at the neuromuscular junction which results in
fasciculations and then in a flaccid paralysis. Excessive
acetylcholine levels in the parasympathetic nervous
system causes hyperactivity of gastrointestinal motility

and glandular secretion. Acetylcholinesterase is also found
on erythrocytes (erythrocyte or true acetylcholinesterase)
and in the serum as butyrocholinesterase (pseudocholines-
terase) (35). When a patient is exposed to nerve agents,
the serum level of acetylcholinesterase is decreased, and
this decrease can be used as an indicator of the severity of
exposure.

Most cholinesterase inhibiting compounds are either
carbamates or organophosphorus compounds. Carbamates
used in medicine include physostigmine, neostigmine, and
pyridostigmine. Pyridostigmine is used to inhibit cholin-
esterase, thereby increasing acetylcholine levels at the
nerve end plate in patients with myasthenia gravis. Most
insecticides are either carbamates (Sevin) or organopho-
sphates (Malathion and Parathion) (35,37).

Carbamates do not bind as tightly to the acetylcholin-
esterases as do organophosphates. This forms the basis for
administering a carbamate (“NAPPS,” pyridostigmine
30 mg tablets) as a “pretreatment” to soldiers who are
entering an area where nerve gas may be deployed. The
pyridostigmine loosely binds acetylcholinesterase, which
blocks it from being bound by more tightly binding nerve
agents. The pyridostigmine then spontaneously disassociates
from the acetylcholinesterase over several hours, which
generates the active enzyme to support normal nerve
function. The dose of pyridostigmine used is low and leads
to about 25% inhibition of acetylcholinesterase enzymes.
This effect is restricted to the peripheral cholinergic
nervous system as the substance does not enter the brain.

Pyridostigmine does not cause significant side effects
as there is a large excess of acetylcholinesterase in the
cholinergic synapse. To be protective, the pretreatment
needs to be taken 30 minutes before gas exposure. This
may be of value for health-care workers responding to a
chemical attack (38).

Nerve agents in the form of a gas, aerosol, or liquid can
enter the body through the skin, via inhalation, or by the
consumption of liquids or foods contaminated with agent.
Poisoning works fastest via the respiratory system, with
death occurring within minutes. Poisoning via the skin only
may not cause symptoms for 30 minutes after exposure (35).

Signs and Symptoms
Low dose of nerve agent may cause nonfatal poisoning,
which can present as increased production of saliva, rhinor-
rhea, and a feeling of pressure on the chest. The pupil
becomes contracted (miosis) and accommodation is
reduced so that short-range vision deteriorates.

Higher doses cause the symptoms described above plus
bronchoconstriction and secretion of mucous in the respirat-
ory system with breathing difficulty. Gastrointestinal cramp-
ing and vomiting occur. Muscular weakness, twitching, and
convulsions occur due to effect on the neuromuscular junc-
tion by excess acetylcholine. If the dose is high, muscle paraly-
sis occurs. Death is by suffocation due to paralysis of the
muscles of respiration. Specific effects on body systems and
a mnemonic are listed in Tables 8 and 9 (35).

The lethal dose 50 (LD50) is the amount of a toxin
required to kill half of a population exposed to it. The LD50

for nerve agents on the skin is given in Table 10. As little as
a few milligrams of nerve agent on the skin is rapidly fatal.
The route of weapon delivery also influences the symptoms
seen. Nerve agents can be deployed as a vapor in the air or
may exist as a liquid upon the ground or other surfaces.
Nerve agent vapor may lead to more rapid toxicity and
more respiratory symptoms due to the rapid absorption of
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agent via the lungs. Table 11 relates a summary of nerve agent
symptoms compared to severity and route of exposure.

Diagnosis and Treatment
Nerve agents inhibit the cholinesterase activity of the blood
components, and estimation of this activity is useful in
detecting exposure to these agents. Cholinesterase levels
are monitored in people working in potential nerve agent
use areas such as weapons research laboratories. Drawing
serum samples of cholinesterase activity can be useful in
documenting a nerve agent exposure but treatment is
initiated based upon clinical findings without waiting for
laboratory tests (35).

Nerve agents act so rapidly that treatment must
be immediate. The action of excess acetylcholine at
the muscarinic receptor can be reversed by atropine,
which occupies the muscarinic sites and blocks the
action of acetylcholine. However, atropine will not have
any action at the nicotinic receptors such as the neuromus-
cular junction. Atropine will improve the effects of
excessive parasympathetic stimulation [GI hyperactivity,

bronchospasm, excessive glandular secretion, and rhinor-
rhea], but will not reverse the flaccid paralysis seen with
toxic doses of nerve agent. Assisted ventilation will be
required for patients having such severe muscular weak-
ness that they cannot oxygenate themselves.

Oximes are a class of drugs that can reactivate the
organophosphate inhibited cholinesterases by removing the
organophosphoryl moiety. Pralidoxime chloride (2-PAM) is
the most widely available. Although the nerve agent initially
binds reversibly to acetylcholinesterase, the binding becomes
irreversible within a few minutes to several hours depending
on the agent. Once “aging” has occurred, displacement of the
nerve agent with drugs such as oximes will not occur. This
makes impossible any reversal of nicotinic effects on
muscle, including those responsible for ventilation, until
new acetylcholinesterase is synthesized. Soman (GD) is the
most rapid agent to form permanent complexes, with an
aging half time of two to six minutes, so rapidly that prali-
doxime is ineffective unless given immediately. Newer
oximes such as HI-6 may have more effect against Soman.
Sarin or Tabun require about five hours to age while VX
does not age significantly (38,39).

Armed forces operating in potential chemical warfare
environments carry autoinjectors containing atropine and
pralidoxime, which can be immediately used if a nerve
agent is encountered. These agents are issued as autoinjec-
tors. U.S. Forces carry the Mark I injector containing prali-
doxime chloride (500 mg) and atropine (2 mg) (Fig. 3).

Mark I or similar autoinjectors may be encountered by
civilian practitioners when distributed from strategic

medical stockpiles during an incipient or actual nerve
agent attack. These are similar to the EpiPenw autoinjec-
tors used to treat anaphylaxis (Volume 1, Chapter 33).

Armed forces typically also carry an anticonvulsant
drug such as diazepam 10 mg in autoinjector form, which
is used to treat victims if they are seizing or if three or
more doses of atropine and 2-PAM are given to a victim
with severe nerve agent exposure. Use of carbamate pre-
treatment may increase the risk of seizures in severe nerve
agent exposure, increasing the soldier’s need to carry an
anticonvulsant.

Medical treatment depends upon the severity of the
nerve agent exposure (Table 11). This is gauged by the sever-
ity of patients’ symptoms. Patients with “minimal exposure”
may have miosis, headache, rhinorrhea, salivation, and com-
plain of tightness in the chest. These patients may be
managed by removing them from the source of exposure
and that may require removal of their clothes. During the

Table 10 Lethal Dose 50 (LD50) of Nerve

Agents

Agent

Dose on

skin (mg)

GA (tabun) 1000

GB (sarin) 1700

GD (soman) 50

GF 30

VX 10

Table 9 Mnemonic of Nerve Agent Symptoms

DUMBELS

D—diarrhea

U—urination

M—miosis

B—bronchorrhea, bronchoconstriction

E—emesis

L—lacrimation

S—salivation

Table 11 Symptoms of Nerve Agent Exposure by Severity and Route

Signs and

symptoms—liquid Signs and symptoms—vapor

Onset Possibly delayed toxicity More rapidly manifesting toxicity

Minimal symptoms Localized sweating at site; localized fasciculations at site Miosis; rhinorrhea; mild dyspnea

Moderate symptoms Fasciculations; diaphoresis; nausea, vomiting, and diarrhea;

generalized weakness

Above symptoms plus: moderate-to-marked

dyspnea (bronchorrhea and/or bronchocon-

striction); rhinorrhea increased significantly

Severe symptoms Above symptoms plus: loss of consciousness; seizures;

generalized fasciculations; flaccid paralysis and respirat-

ory failure

Above symptoms plus: profound secretions/
rhinorrhea; loss of consciousness; seizures;

generalized fasciculations; flaccid paralysis

and respiratory failure
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subway Sarin attack in Tokyo, the patient’s clothing
continued to “off gas” Sarin, which resulted in continued
exposure of the patients plus exposure to medical personnel.
Most patients with mild exposure will not require treatment.
If eye pain is severe, topical atropine or homatropine is
administered to the eye.

“Moderate-exposure” patients will exhibit all of the
signs and symptoms seen with mild exposure plus increased
breathing difficulty, muscular fasciculations, and severe rhi-
norrhea. The rhinorrhea in these patients may be so severe as
to fill their gas mask if they were wearing one. These patients
usually require atropine and pralidoxime IV or IM. The atro-
pine and pralidoxime are dosed to clinical effect with a
maximum of 1500 mg of pralidoxime being used and the
atropine dosing is administered until the patient’s secretions
are controlled. This will usually require 2 to 6 mg of atropine.
If they were exposed to vapor, decontamination can usually
be accomplished by removal of their clothes. If they were
exposed to liquid agent, they will require full liquid decon-
tamination.

“Severe-exposure” patients will exhibit all of the signs
listed above for moderate exposure plus severe respiratory
difficulty or respiratory arrest. They may have flaccid

paralysis or be suffering convulsions, be incontinent and
have profound rhinorrhea. This group of patients requires
full decontamination if exposed to liquid agent. They need
to be aggressively treated with atropine to effect and prali-
doxime to a maximum dose of 1500 mg IV or IM. Atropine
should be given as a 6 mg initial dose (i.e., three Mark I
injectors) and should be repeated at three- to five-minute
intervals and should be titrated to a reduction of secretions
and to reduction of ventilatory resistance. Ventilatory assist-
ance will be required for this group of patients. This will
usually mean intubation, vigorous pulmonary toilet to
remove secretions and mucous plugs, and ventilatory
support. Ventilatory support needs to be continued until
enough acetylcholinesterase is present to allow adequate
respiratory muscle function.

Severe-exposure patients will need benzodiazepines
such as diazepam to control fasciculations or seizures. Prali-
doxime may induce hypertension when administered at
doses exceeding 15 mg/kg, and this side effect can be reversed
by repeated doses of phentolamine, 5 mg intravenously.

Perioperative Considerations for Nerve Agent Victims
Nerve agent casualties may have associated injuries which
may require urgent surgical intervention. Animal experiments
and human observations suggest these agents disrupt multiple
body systems. This wide range of dysfunction can have
important perioperative effects that will influence manage-
ment. In addition, the safety of other patients and hospital
staff must be insured. Proper decontamination should
precede any intervention not required to save life, limb, or eye-
sight. Adequate protective gear, although cumbersome, must
be worn by personnel caring for nerve agent victims.

The principal effect of nerve agents is inhibition of
cholinesterases which are widely distributed throughout
the body and are responsible for the metabolism of many
drugs. This will result in prolonged apnea with adminis-
tration of succinylcholine (40,41) or mivacurium (42), both
of which are metabolized by plasma cholinesterase.
Increased onset time for paralysis, which may hinder
airway management, has been reported with both agents fol-
lowing cholinesterase inhibition in pigs (43).

During the ensuing profound muscular weakness that
accompanies recovery from organophosphorus poisoning,
marked sensitivity to nondepolarizing muscle relaxants
may be expected. This increased sensitivity to nondepolariz-
ing neuromuscular blockers would most likely start immedi-
ately after the depolarization block of the initial cholinergic
phase and will necessitate careful train-of-four monitoring
to prevent prolonged effect. Additional drugs with
cholinesterase-dependent metabolism include ester local
anesthetics and esmolol (red blood cell esterase).

Cardiac complications may follow organophosphate
poisoning. Hypotension, hypertension, arrhythmias, and
cardiac arrest have all been reported. Kiss and Fasekas (44)
reported QT prolongation, ST segment and T-wave abnorm-
alities, and various arrhythmias including torsade de pointes
ventricular tachycardia in 56 of 134 patients poisoned with
organophosphorus pesticides. The QTc interval prolongation
on EKG has been associated with a higher mortality and a
higher incidence of respiratory failure (45). Isoproterenol
and electrical pacing were effective in shortening the QT
interval. Lidocaine was ineffective and in some cases
induced ventricular fibrillation. Arrhythmias were also gen-
erated by large doses of atropine. In the series reported by

Figure 3 Mark I autoinjector as issued to U.S. forces. The

smaller syringe contains 2 mg atropine. The larger syringe contains

600 mg 2-PAM chloride.
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Kiss and Fazekas, most fatal arrhythmias occurred several
days after organophosphorus exposure when the patient’s
toxic clinical symptoms were moderate or absent. Periopera-
tive hypoxia, hypercarbia, acidosis, and electrolyte shifts
may potentiate these adverse cardiac events. The proar-
rhythmic effects of volatile anesthetics, especially halothane,
must also be borne in mind. Large doses of ester local anes-
thetics, which are metabolized by plasma cholinesterase, will
likewise potentiate arrhythmogenicity.

Significant abnormalities in temperature regulation
may occur. Both hypothermia and hyperthermia (46) have
been reported, as well as a case of neuroleptic-malignant
like syndrome responsive to dantrolene (47). Atropine, admi-
nistered as an antidote, may further impair thermoregulation.

A variety of endocrine and metabolic derangements
may also be noted. Animal experiments have yielded
changes in the diurnal pattern of plasma adrenocorticotropic
hormone (48) and decreased serum concentrations of thyrox-
ine and tri-iodothyronine (49) following exposure to OP insec-
ticides. Nonketotic hyperglycemia, glycosuria, hypokalemia,
and hypomagnesemia, which can exacerbate arrhythmias,
have all been described in humans. The latter are compounded
by the profuse diarrhea that these patients develop (50).

Operating room personnel who treat previously
decontaminated casualties from WMD do not need Personal

Protective Equipment (PPE) beyond usual “standard pre-
cautions” surgical garb of gloves, tight-fitting mask, gown,
and goggles/face shield. The risk of “off-gassing” from
embedded chemical agent on foreign bodies in a living
patient is low, and can be dealt with by immersing such
removed material into bleach solution (3–6% sodium
hypochlorite) (51,52).

Vesicants (Blister Agents)
A vesicant is an agent that produces vesicles or blisters. The
primary threat blister agents are sulfur mustard (H/HD),
Lewisite (L), and a mixture of sulfur mustard and Lewisite
(HL). Nitrogen mustard was an early chemotherapeutic
agent. Phosgene oxime (CX) is classified as a vesicant.
Grouped in the class because of its toxic tissue effects, this
agent does not produce blisters but creates a solid lesion
resembling urticaria. Vesicants are comparatively less toxic
by weight than nerve agents (Table 12). Vesicants are com-
monly identified by letter identification symbols: H
(impure sulfur mustard), HD (pure, distilled sulfur
mustard), HS (Hun Stoff—a name coined when mustard
was used by Germany in World War I), HL (mustard with
Lewisite added to increase vaporization of mustard
thereby yielding pulmonary injuries), and HT (mustard
and agent T—a substance which increases the penetrability
of mustard through the skin).

Brief History
Sulfur mustard was the first vesicant used in warfare. It was
synthesized in the early 1800s and used on the battlefield

during World War I by Germany. Sulfur mustard is still con-
sidered a major chemical agent today. Lewisite was syn-
thesized by the U.S. Army in 1918 as a vesicant with a
putative antidote. However, the final production of Lewisite
came too late to be used in World War I. Mustard was used
extensively during the Iran–Iraq war. The application of
blister agents in conventional warfare is mainly aimed at
harassing troop movement and overwhelming the medical
system by creating wounded personnel who require signifi-
cant resources to treat. Lethality is low, especially when com-
pared to nerve agents. During World War I, fewer than 5% of
the vesicant casualties who reached medical treatment facili-
ties died.

Mustard
Mustard is an oily liquid with a color ranging from light
yellow to brown. It is generally regarded as a persistent
chemical agent because of its low volatility. Owing to the
low volatility, mustard does not immediately evaporate but
remains a liquid and persists in the area. Under temperate
conditions, mustard evaporates slowly and is primarily a
liquid hazard, but its vapor hazard increases with increasing
temperature. At 1008F or above, it is a definite vapor hazard.
When this agent was used in the Iran–Iraq war, the warm
climate resulted in many pulmonary injuries from vapor
injuries. Mustard vapor is five times denser than air, so it
will sink into low-lying areas. This creates a risk for soldiers
in trenches. Mustard freezes at 578F which makes it difficult
to disperse. It is often mixed with substances with a lower
freezing point, such as Lewisite (the mixture is HL), or
agent T, a closely related vesicant (HT) so that the mixture
will remain liquid at lower temperatures. Russia is believed
to have stockpiled mustard–Lewisite mixtures.

Mustard received its name because of its garlic, horse-
radish, or mustard odor and can be detected by smell.
However, the odor of mustard may be faint or lost after
accommodation, so olfactory detection of the odor of
mustard, garlic, onions, or horseradish is not a reliable indi-
cator of mustard exposure. Mustard liquid can also be visu-
ally observed. H/HD appears as a thick, colorless, or pale
yellow liquid, and HL appears as a dark oily liquid. Chemi-
cal detectors carried by individual soldiers in armed forces
can detect liquid mustard. Unfortunately, few hospitals
and EMS services possess or are trained to use such detec-
tors. The U.S. military carry the M8 and M9 Chemical Detec-
tion Papers to detect liquid mustard. The M256A1 Chemical
Detection Kit and the electronic sniffing devices can detect
mustard vapor.

Mustard vapor and liquid can readily penetrate thin
layers of most fabrics to reach underlying skin. Once
mustard agent reaches the skin, it is lipophilic and rapidly
penetrates intact skin, usually within several minutes. Pen-
etration is enhanced by moisture, heat, and thin skin. This
explains the observation that World War I mustard burns
involved the scrotum in 42% of cases, but the presumably
more readily exposed hands in only 4% of cases. Ocular
and respiratory routes of entry are also important, as is par-
enteral absorption in casualties with conventional wounds.
In temperate climates, increased vaporization of mustard
will facilitate more pulmonary injuries.

Pathophysiology
After penetration of the skin, mustard molecules rearrange
to form extremely reactive cyclic ethylene sulfonium ions,
which immediately bind to intracellular and extracellular

Table 12 Comparative Toxicity of Chemical Agents

Agent LCt50 (mg min/m3)

Nerve agents 10–200

Sulfur mustard 1500

Hydrogen cyanide (hydrocyanic acid) 2500–5000

Cyanogen chloride 11,000
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enzymes, DNA and RNA, cell membranes, and other macro-
molecules in the body. This rapid binding of mustard to
tissue components is known as “fixing.” It is hypothesized
that the primary mechanism by which mustard produces
tissue injury is as a result of its DNA alkylation and cross-
linking in rapidly dividing cells, such as basal keratinocytes,
mucosal epithelium, and bone marrow precursor cells. This
leads to cellular death and inflammatory reaction, and in the
skin, protease digestion of anchoring filaments at the epider-
mal–dermal junction and the formation of blisters.

Mustard must be removed from the skin before it
“fixes” (reacts), to prevent injury. Decontamination must be
done immediately upon exposure to prevent injury.

Because of the rapid fixation of mustard to tissue, the
fluid inside the blisters that eventually develop at the sites of
skin contact contains no free mustard and does not pose a
contamination hazard to health-care providers.

Mustard also possesses mild cholinergic activity,
which may be responsible for effects such as early GI hyper-
motility and miosis. Mustard is eliminated primarily in the
urine as by-products of alkylation.

Signs and Symptoms
The mustards constitute both a vapor and a liquid threat to
all exposed skin and mucous membranes. Mustard’s

effects are delayed, appearing up to 12 hours after
exposure. The delayed presentation often contributes to a
delay in treatment (until therapy is no longer effective).
Mustard binds irreversibly to tissue within several minutes
following contact. If decontamination does not commence
immediately after exposure, injury occurs, although later
decontamination might prevent a more severe lesion.

Topical effects of mustard occur in the eye, airways,
and skin. Systemically absorbed mustard may produce
effects in the bone marrow, GI tract, and CNS. Direct
injury to the GI tract may also occur following ingestion of
the compound. Table 13 summarizes the effects of
mustard. Erythema is the mildest and earliest form of skin
injury after exposure to mustard. It resembles sunburn and
is associated with pruritus or burning, stinging pain.
Erythema begins to appear in 2 to 48 hours after vapor
exposure with time of onset dependent on dose of
mustard, the length of time of exposure, ambient tempera-
ture and humidity, and skin-site exposed. The skin sites
most sensitive are the warm, moist locations with thinner
skin such as the perineum, external genitalia, axillae, antecu-
bital fossae, and neck. Within the erythematous areas, small
vesicles can develop which may later coalesce to form bullae.
The typical bulla, or blister, is large, dome-shaped,
thin-walled, translucent, yellowish, and surrounded by
erythema. The blister fluid is clear, at first thin and straw-
colored, but later is yellowish and tends to coagulate. At

extremely high doses such as those from liquid exposure,
lesions may develop a central zone of coagulation necrosis
with blister formation at the periphery. These lesions take
longer to heal and are more prone to secondary infection
than the uncomplicated lesions seen at lower exposure
levels.

The primary airway lesion from mustard is necrosis of
the mucosa with subsequent damage to the musculature of
the airways if the amount of agent is large. The damage
begins in the upper airways and descends to the lower
airways in a dose-dependent manner. Usually, the terminal
airways and alveoli are affected only as a terminal event.
Pulmonary edema is not usually present unless the
damage is very severe, and then it usually is hemorrhagic.
The earliest effects from mustard, perhaps the only effects
from a low concentration, involve the nose, sinuses, and
pharynx. There may be irritation or burning of the nares, epi-
staxis, sinus pain or irritation, and irritation or soreness of
the pharynx. As the dose of exposure increases, other
effects occur—laryngitis with voice changes and a nonpro-
ductive cough. Damage to the trachea and upper bronchi
leads to a cough productive of sputum. Lower airway invol-
vement causes dyspnea and an increasingly severe cough
with increased quantities of sputum. Terminally, there may
be necrosis of the smaller airways with hemorrhagic
edema into surrounding alveoli. This hemorrhagic pulmon-
ary edema is rarely a feature.

Necrosis of the airway mucosa with resulting inflam-
mation can cause pseudomembrane formation. Pseudo-
membranes may occur from the most proximal parts of the
airways to the most distal portions. These membranes may
cause local airway obstruction at the sites of formation.
Membrane detachment may lead to obstruction of lower
airways.

The common cause of death in mustard poisoning is
commonly respiratory failure. Mechanical obstruction by
pseudomembranes and agent-induced laryngospasm are
important causes of death in the first 24 hours after exposure.
Deaths occurring from the third to the sixth day after
exposure result from secondary bacterial pneumonia
caused by bacterial invasion of denuded respiratory
mucosa and necrotic debris. Agent-induced bone marrow
suppression is a contributory factor in later, septic deaths
from pneumonia.

The eyes are the organs most sensitive to mustard
vapor injury. The latent period is shorter for eye injury
than for skin injury and is concentration-dependent. After
low-dose vapor exposure, irritation evidenced by reddening
of the eyes may be the only effect. As the dose increases, the
spectrum of injury includes progressively more severe con-
junctivitis, photophobia, blepharospasm, pain, and corneal
damage. Blisters do not normally form in the eyes. Instead,

Table 13 Effects of Mustard

Organ Severity Effects

Onset of first

effect (hr)

Eye Mild Tearing, itchy, burning, gritty feeling 4–12

Moderate Above, plus reddening, swelling of lids, moderate pain 3–6

Severe Marked swelling of lids, possible cornea damage, severe pain 1–2

Airways Mild Runny nose, sneezing, nosebleed, hoarseness, hacking cough 12–24

Severe Above, plus severe productive cough, shortness of breath 2–4

Skin Mild to severe Erythema, blisters 2–24
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swelling and loosening of corneal epithelial cells lead to
corneal edema and clouding with leukocytes. Corneal vascu-
larization with secondary edema may last for weeks. Scar-
ring between the iris and lens may follow severe effects,
and this scarring may restrict pupillary movements and
may predispose victims to glaucoma. The most severe
damage is caused by liquid mustard from airborne droplets
or by self-contamination. After extensive eye exposure,
severe corneal damage with possible perforation of the
cornea and loss of the eye can occur. Eye loss also results
from panophthalmitis if appropriate therapy is not
instituted.

During World War I, mild conjunctivitis accounted for
75% of eye injuries, with recovery in one to two weeks. Mod-
erate conjunctivitis with minimal corneal involvement, ble-
pharospasm, edema of the lids and conjunctivae, and
orange-peel roughening of the cornea accounted for 15% of
the cases, with recovery in four to six weeks. Severe
corneal involvement accounted for 10% of the cases. Those
with permanent corneal damage accounted for less than
1% of cases. About 0.1% of these severe casualties would
meet the criteria for legal blindness today. Miosis noted
after mustard exposure in both humans and experimental
animals is most likely from the cholinomimetic activity of
mustard.

The mucosa of the GI tract is very susceptible to
mustard damage, either from systemic absorption or inges-
tion of the agent. However, reports of severe GI effects
from mustard poisoning are relatively infrequent. Exposure
to a small amount of mustard will often cause nausea, with
or without vomiting, lasting 24 hours or less. The nausea and
vomiting appear not to be a direct effect of the agent on the
GI tract, but rather from a stress reaction, a nonspecific reac-
tion to the odor, or cholinergic stimulation by mustard.
Further GI symptoms are usually minimal unless the
exposure was severe (even then, GI signs are not common)
or exposure resulted from ingestion of contaminated food
or drink. Diarrhea has been reported; constipation is
equally common. Diarrhea (rarely bloody) and vomiting in
the beginning days after a high-dose exposure imply a
poor prognosis (53).

The CNS effects of mustard remain poorly defined.
Animal work demonstrated that mustards (particularly the
nitrogen mustards) are convulsants. There are several
human case reports describing victims who were exposed
to very large amounts and had neurological effects within
several hours after exposure, just prior to death. Reports
from World War I, and again from the Iran–Iraq War,
described people exposed to small amounts of mustard
who appeared sluggish, apathetic, and lethargic. These
reports suggest that minor psychological problems could
linger for a year or longer.

The clinical effects of mustard are delayed. Signs and
symptoms may appear as early as two hours after a high-
dose exposure. However, following a low-dose vapor
exposure the latent or asymptomatic period may extend to
48 hours. There are several reports of individuals exposed
to very large amounts who died within hours; this type of
occurrence is extremely rare. The typical onset time is
between four and eight hours. The concentration of the
mustard vapor, time of exposure, ambient weather, and
body site exposed are factors in the onset time.

It must be emphasized that mustard causes tissue
damage within several minutes after contact without
causing any concomitant clinical effects (e.g., burning
or erythema). Because of the lack of immediate effects, the

contaminated person is often unaware of the exposure and
does not decontaminate. To prevent injury, decontamination
must be done immediately after contact. Later decontamina-
tion may prevent further damage, absorption, or spread of
the agent.

Diagnosis and Treatment
Of the three vesicant agents, mustard is the only one that
does not cause immediate pain. The casualty is asympto-
matic until the lesion becomes apparent hours later. In con-
trast, Lewisite and phosgene oxime cause immediate pain
or irritation to the eye, skin, or respiratory tract. This
causes sufficient stimulus to decontaminate immediately or
to mask. Isolated small blisters or a small group of blisters
suggest possible exposure to mustard, to plants such as
poison ivy or poison oak, drugs, or other substances. The
physical characteristics of the lesion are not distinctive.
Therefore the history of exposure is invaluable.

Laboratory findings include leukocytosis during the
first day, and the magnitude of increase in leukocytes
during the subsequent days correlates roughly with the
amount of tissue injury, primarily to skin or pulmonary
tissue. If systemic absorption is large, leukocytes in the peri-
pheral blood will decrease beginning on days three to five;
this decrease indicates damage to precursor cells in the
blood-forming organs. The fall may be precipitate (e.g., a
decrease of 5000–10,000 cells/day). If the marrow damage
is severe, erythrocytes and thrombocytes may later decrease,
but the casualty usually recovers or dies before this is
apparent. A leukocyte count of 500 or fewer is a sign of an
unfavorable prognosis.

Signs of a chemical pneumonitis may appear within
the first two to three days after inhalation exposure. Leuko-
cytosis, fever, and sputum production suggest a bacterial
process, but within this time period sputum cultures are
usually negative for pathogens. Organisms commonly
invade the damaged airway tissue at days three to five. A
change in the fever pattern, an increase in leukocytosis,
and a change in the character of the sputum in this time
period suggest a bacterial process. Sputum gram stain and
culture should be done for identification of the specific
organism.

Damaged skin should be cultured routinely, particu-
larly if there is an increase in the exudate or in the inflamma-
tory reaction.

Although GI bleeding is unusual, declining hematocrit
values should prompt serial analyses of stool for occult
blood.

Thiodiglycol, a urinary metabolite of sulfur mustard,
can be measured. There is no clinical laboratory test for
mustard in blood or tissue, nor is one expected, as
mustard is biotransformed and bound to tissues within
minutes after absorption. However, ways to measure blood
and tissue adducts produced in the body after reaction
with sulfur mustard are being studied.

The primary objective in medical management of
mustard injuries is to prevent further spread of the injury.
Decontamination of the mustard-exposed patients will
protect them if performed within several minutes of
exposure. Later decontamination will not decrease the
patient’s pathology but will protect the health-care workers.

Small blisters on the skin (under 1–2 cm) should be
left intact, but because larger ones will eventually break
(the blister fluid does not contain mustard), they should be
carefully unroofed. Denuded areas should be irrigated
three to four times daily with saline, another sterile solution,
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or soapy water and then liberally covered with a topical anti-
biotic such as silver sulfadiazine or mafenide acetate to a
thickness of 1–2 mm. If an antibiotic cream is not available,
sterile petrolatum will be useful. Modified Dakins solution
(sodium hypochlorite-bicarbonate solution) was used in
World War I and in Iranian casualties for irrigation and as
an antiseptic. Multiple or large areas of vesication suggest
the need for hospitalization and whirlpool bath irrigation.

Systemic analgesics should be used liberally, particu-
larly before manipulation of the patient or irrigation of the
burn areas. Systemic antipruritics such as trimeprazine
should be used if needed. Monitoring of fluids and electro-
lytes is important in any sick patient, but it must be recog-
nized that fluid loss is not of the magnitude seen with
thermal burns. Clinicians accustomed to treating patients
with thermal burns must resist the temptation to overhy-
drate a mustard casualty with a similar amount of burned
body surface.

Conjunctival irritation from a low concentration of
exposure will respond to any number of available ophthal-
mic solutions after the eyes are thoroughly irrigated.
Regular application of homatropine (or other anticholinergic
drug) ophthalmic ointment will reduce or prevent future
synechiae formation. A topical antibiotic applied several
times a day will reduce the incidence and severity of
infection. Vaseline or a similar substance should be applied
to the edges of the lids regularly to prevent them from stick-
ing together. This prevents adhesions and later scarring
during healing and also permits drainage of any underlying
infection or pus. Topical analgesics may be useful initially if
blepharospasm is too severe to permit an adequate examin-
ation, but topical analgesics should otherwise be avoided
and systemic analgesics should be given for eye pain.
Topical steroids are not of proven value, but their use
during the first day or two might reduce inflammation.
Further use should be relegated to an ophthalmologist. Sun-
glasses may reduce discomfort from photophobia. The
patient should be constantly reassured that complete
healing and restoration of vision is the usual outcome.

Upper airway symptoms (sore throat, nonproductive
cough, and hoarseness) may respond to steam inhalation
and cough suppressants. Although a productive cough and
dyspnea accompanied by fever and leukocytosis occurring
12 to 24 hours after exposure may suggest a bacterial
process to the clinician, it is in fact a sterile bronchitis or
pneumonitis. Infection often occurs on the third day. Its pre-
sence is signaled by an increasing fever, an increase in the
pulmonary infiltrate by X ray, an increase in sputum pro-
duction, and a change in sputum character to purulent.
Appropriate antibiotic therapy should await confirmation
of the clinical impression by positive sputum studies
(Gram stain and culture). Intubation should be performed
early before laryngeal spasm or edema makes it difficult or
impossible. Intubation permits better ventilation and facili-
tates suction of the necrotic and inflammatory debris.
Oxygen may be needed, and early use of PEEP or CPAP
may be of benefit. If there is a suggestion of pseudomem-
brane formation, bronchoscopy should be done to permit
suctioning of the necrotic debris by direct vision.

Bronchodilators may be of benefit for bronchospasm.
If they fail, steroids may be tried. There is little evidence
that the routine use of steroids is beneficial. The need for
continuous use of assisted or controlled ventilation suggests
a poor prognosis.

Death often occurs between the fifth and tenth days
after exposure because of pulmonary insufficiency and

infection complicated by a compromised immune response
from agent-induced bone-marrow damage.

Early nausea and vomiting can be controlled with an
anticholinergic drug or antiemetic. Prolonged vomiting or
voluminous diarrhea in the beginning days after exposure
suggests direct involvement of the GI tract by severe
systemic poisoning, which is a poor prognostic sign. Sterili-
zation of the gut by nonabsorbable antibiotics should be con-
sidered to reduce the possibility of sepsis from enteric
organisms. Severe pancytopenia may indicate cellular repla-
cement (bone marrow transplants or transfusions) may be
successful, as intact mustard does not persist beyond the
few minutes following absorption and would not damage
the new cells.

Sulfur donors such as sodium thiosulfate decreased
systemic effects and elevated the LD50 when given before
exposure or within 20 minutes after exposure in experimen-
tal animals. Activated charcoal given orally to casualties was
of no value. Hemodialysis was not only ineffective, but was
actually harmful in several casualties. The rapid biotrans-
formation of the mustard molecule suggests that none of
these measures would be beneficial hours or days after
exposure.

Repeated symptomatic exposures to mustard over a
period of years in manufacturing workers seem to be well
established as a causal factor in an increased incidence of
upper airway cancer. However, the association between a
single exposure to mustard and airway cancer is not well
established. Based on World War I data, a single, severe
exposure to mustard may have contributed to other airway
problems, such as chronic bronchitis. A new complication
seen in Iranian casualties from the Iran–Iraq War in the
1980s was late-onset and often fatal tracheobronchial steno-
sis. This presumably would have been seen in World War I
casualties, if antibiotic therapy been available to allow
those who died from secondary bacterial pneumonia to
survive (54).

Several eye diseases, such as chronic conjunctivitis
and delayed keratitis, may follow a single, severe exposure
of the eye to mustard. Skin scarring and pigment changes
may follow a severe skin lesion from mustard. Cancer some-
times develops in scarred skin.

Mustard is classed as a mutagen and carcinogen based
on laboratory studies. However, there are no data to impli-
cate mustard as a reproductive toxin in humans, and there
is no evidence that mustard is a causative factor in nonair-
way, nonskin cancer in man.

Perioperative Considerations for Mustard Victims
Mustard exerts a number of effects that are of concern for the
anesthesiologist. Airway inflammation and denudation as
well as laryngospasm may rapidly precipitate respiratory
insufficiency and necessitates close observation of victims.
Pain will likely be severe and require parenteral narcotics,
which may further compromise respiratory function. Oro-
pharyngeal edema may make laryngoscopy difficult if not
impossible and the potential of complete airway occlusion
should prompt consideration of early elective intubation if
stridor develops. Open or needle cricothyroidotomy and/
or tracheostomy may prove life-saving in difficult cases.
Manipulation of inflamed airways can provoke laryngos-
pasm or bronchospasm. Treatment with bronchodilators
and corticosteroids may be required.

Mustard has been shown to have anticholinesterase
activity (53) and in an animal model, administration of
succinylcholine to mustard intoxicated swine resulted in
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prolonged apnea of at least 30 minutes duration (55). In
this same study, administration of ketamine in clinical
doses to similarly poisoned animals also resulted in signifi-
cant immediate and prolonged apnea. Both drugs are
widely used for anesthesia in the field setting given their
availability, rapid onset, and hemodynamic stability in the
multiple-injured patient. This is an important interaction
given the scarcity of sufficient personnel and resources to
care for large numbers of apneic patients in the operational
setting.

Perioperative fluid management of mustard victims
will require careful titration. Fluid losses from affected
skin, agent-induced vomiting and diarrhea, associated
injuries, and warm environments can be significant and
result in perioperative hypotension and/or oliguria. Con-
versely, although large areas of skin may be affected, fluid
losses are less than found in corresponding burn injuries,
and overzealous volume resuscitation can precipitate or
worsen pulmonary edema. Invasive hemodynamic moni-
toring, if available, may be useful in guiding volume
administration.

Seizures have been described with significant mustard
exposure. Although the interaction of most anesthetics with
these toxins has not been studied, agents which have the
potential to induce seizure activity or myoclonus such as
propofol, methohexital, and etomidate may best be
avoided. In the swine model, ketamine administration to
halothane-anesthetized animals exposed to mustard
resulted in severe convulsion-like muscular activity which
produced unsatisfactory operating conditions (56). Patients
exhibiting lethargy, apathy, or other signs of CNS
depression may exhibit increased susceptibility to anes-
thetics, resulting in delayed recovery and apnea if dosages
are not reduced.

Lewisite
Lewisite (L), synthesized during the late stages of World
War I, is arsenic-based vesicant. It is a vesicant that
damages the eyes, skin, and airways by direct contact.
After absorption, it causes an increase in capillary per-
meability to produce hypovolemia, shock, and organ
damage. Exposure to Lewisite causes immediate pain or irri-
tation, although lesions require hours to become full-blown.
It has not been used significantly for war due to its easily
detectable qualities, such as characteristic odor, which mini-
mizes its usefulness as a weapon. Lewisite is sometimes
mixed with mustard to achieve a lower freezing point of
the mixture for ground dispersal and aerial spraying. The
Lewisite antidote, British-anti-Lewisite (BAL, dimercaprol),
finds medicinal use today as a heavy-metal chelator (56).
Lewisite is an oily, colorless liquid with the odor of gera-
niums and is more volatile than mustard. Most military
detector kits readily detect it.

Pathophysiology
Unlike mustard, Lewisite vapor or liquid causes immedi-

ate pain or irritation. A person with a droplet of Lewisite on
his skin will note the burning and will immediately take
steps to try and remove it. The vapor is so irritating
that a person will seek to mask or leave the contaminated
area if possible. Because this warning causes the person
exposed to take immediate steps to decontaminate, the
Lewisite lesion will probably not be as severe as the lesion
from mustard, because exposure to mustard is often unde-
tected and decontamination occurs too late.

Signs and Symptoms
There are almost no data on humans exposed to Lewisite.
Information on effects is based on animal investigations.
Within about five minutes after skin contact, liquid Lewisite
will produce a grayish area of dead epithelium. Erythema
and blister formation follow more rapidly than in a similar
lesion from mustard, although the full lesion does not
develop for 12 to 18 hours. The lesion has more tissue
necrosis and tissue sloughing than does a mustard lesion.

Lewisite causes eye pain and blepharospasm on
contact. Edema of the conjunctiva and lids follows, and the
eyes may be swollen shut within an hour. Iritis and corneal
damage may follow if the dose is high. Liquid Lewisite
causes severe eye damage within minutes of contact.

The extreme irritancy of Lewisite to the nasal area and
upper airways causes the person to put on a gas mask or exit
the area. Scanty data indicate that Lewisite causes the same
airway signs and symptoms as mustard. The airway mucosa
is the primary target, and damage progresses down the
airways in a dose-dependent manner. Pseudomembrane for-
mation is prominent. Pulmonary edema, which occurs rarely
and usually only to a minimal degree after mustard
exposure, may complicate exposure to Lewisite. Available
data suggest that Lewisite causes an increase in permeability
of systemic capillaries with resulting intravascular fluid loss,
hypovolemia, shock, and organ congestion. This may lead to
hepatic or renal necrosis with more prominent GI effects
(including vomiting and diarrhea) than after mustard.

Diagnosis and Treatment
The findings are similar to those caused by mustard, but the
tissue damage at the site of the skin lesion may be more
severe. Pain and irritation from either liquid or vapor Lewi-
site are immediate. Early tissue destruction is more obvious
than after mustard, but the lesion is not full-blown for 12
hours or longer.

Although some differences have been reported
between the skin lesions from mustard and Lewisite (less
surrounding erythema and more tissue destruction charac-
terize Lewisite blisters), these are of little diagnostic assist-
ance in a single patient. The history of immediate pain on
contact is absent after mustard exposure and present after
Lewisite or phosgene oxime exposures. Other substances
cause erythema and blisters, and often the history of
exposure is the most helpful tool in diagnosis.

There is no specific diagnostic test for Lewisite. Leuko-
cytosis, fever, and other signs of tissue destruction will occur.

Early decontamination is the only way of preventing
or lessening Lewisite damage. Since this must be accom-
plished within minutes after exposure, this is self-aid
rather than medical management. Lewisite does not cause
damage to hematopoietic organs as mustard does.
However, fluid loss from the capillaries necessitates careful
attention to fluid balance.

BAL, dimercaprol, was developed as an antidote for
Lewisite and is still used in medicine as a chelating agent
for heavy metals. There is evidence that BAL in oil, given
intramuscularly, will reduce the systemic effects of Lewisite.
However, BAL itself causes some toxicity. BAL skin and
ophthalmic ointment decreases the severity of skin and eye
lesions when applied immediately after early decontamina-
tion; however, neither is currently manufactured. Newer,
less-toxic arsenic antidotes, 2,3-dimercaptopropanesulpho-
nate sodium (DMPS) and meso-2,3-dimercaptosuccinic
acid (DMSA), are slower in effect than BAL and not rec-
ommended for Lewisite exposure (57).
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Phosgene Oxime
Pathophysiology
Phosgene oxime (CX) has not seen battlefield use. CX is an
urticant or nettle agent that causes a corrosive type of skin
and tissue lesion. It is not a true vesicant as it does not
cause blisters. The vapor is extremely irritating, and both
the vapor and liquid cause almost immediate tissue
damage upon contact. There is very scanty information
available on CX. Phosgene oxime should not be confused
with phosgene gas (PG), a vapor which is active against
the pulmonary system.

Signs and Symptoms
Immediate burning and irritation followed by wheal-like
skin lesions and eye and airway damage. Most military
detector kits readily detect phosgene oxime. Phosgene
oxime liquid or vapor causes pain on skin contact, which is
followed in turn by blanching with an erythematous ring in
30 seconds, a wheal in 30 minutes, and necrosis later.
The extreme pain may persist for days. Phosgene oxime is
extremely painful to the eyes. The damage is probably
similar to that caused by Lewisite. It is also very irritating
to the upper airways. This agent causes pulmonary edema
after inhalation and after skin application. Some animal
data suggest that CX may cause hemorrhagic-inflammatory
changes in the GI tract.

Diagnosis and Treatment
Phosgene oxime causes immediate pain and irritation to all
exposed skin and mucous membranes. The time course of
damage to other tissue probably parallels that of damage
to the skin. Other causes of urticaria and skin necrosis
must be considered. Common urticants do not cause the
extreme pain that CX does. Management is immediate
decontamination and supportive management of lesions.
Skin lesions should be managed in the same way that a
necrotic ulcerated lesion from another cause would be
managed. Pulmonary lesions may require intubation, con-
trolled ventilation, and intensive supportive care.

Cyanide and Cyanogen Chloride
Cyanide and cyanogen chloride are sometimes referred to as
blood agents. Cyanide has been used as a poison for thou-
sands of years. The toxic effect of cyanide is from its blocking
the intracellular enzyme responsible for oxygen utilization at
the cellular level. The victim dies of tissue hypoxia. Its effects
are very fast with death ensuing in several minutes after a
high dose (58). It is present naturally in some foods,
created in the products of combustion, and is widely used
in modern industry. Although cyanide is very toxic, an anti-
dote exists if the patient is treated quickly after exposure.
Much of the cyanide used is in the form of salts such as
sodium, potassium, or calcium cyanide. When these salts
are exposed to acid, they release cyanide vapor. The cya-
nides of military interest are the volatile liquids hydrocyanic
acid [hydrogen cyanide, HCN (AC) and cyanogen chloride
(CK)] (58,59).

Brief History
In the days of ancient Rome, the Emperor Nero used cyanide
(in the form of cherry laurel water) to poison enemies and
family members. Napoleon III proposed using it on bayonets
during the Franco-Prussian war to increase their effective-
ness. Cyanide was used on several instances during World
War I but it dissipates quickly and so was not a favored

weapon. The Nazis used hydrocyanic acid in gas chambers
during World War II. It was reported that cyanide-like
agents were used in the Iran–Iraq war (58). Cyanide was
placed in bottles of Tylenol in 1982, killing seven people.
The followers of Reverend Jim Jones committed mass
suicide with cyanide in 1978, killing 900 children and
adults. Following the 1995 Aum Shinrikyo Sarin attack in
Tokyo, several subway restrooms in Tokyo were found to
contain an acid and cyanide salt in apparent preparation
for cyanide gas release. When cyanide salt is placed in
acid, cyanide gas is released (58).

Exposure and Dissipation
Hundreds of thousands of tons of cyanide are manufactured
annually in America. It is used in many chemical syntheses,
electroplating, plastics processing, gold and silver extrac-
tion, tanning, and as a fumigant. Cyanide poisoning has
been reported from eating chokecherries, bitter almonds,
apricot pits, and cassava (58). Combustion of synthetic pro-
ducts that contain carbon and nitrogen, such as plastics,
releases cyanide (58,59). Carboxyhemoglobin and cyanide
levels have been demonstrated to be raised in patients
with smoke inhalation. Blood carboxyhemoglobin measure-
ment can be used to confirm the diagnosis of cyanide toxicity
after severe smoke inhalation (59–61).

Cyanide as AC or CK has a very high vapor pressure,
which causes rapid evaporation of the liquid immediately
after release. The rapid vaporization significantly reduces
the likelihood of a liquid exposure and decreases the
length of time the agent will remain in an area. The AC or
CK vapor initially on the ground will quickly expand
outward and up. Within a short period of time, it will pose
little threat downwind from the release point. It is because
of this quick dissipation of the vapor that these agents are
called nonpersistent (58,62).

Pathophysiology
Cyanide exerts its effect by binding to the active site of
cytochrome oxidase at the intracellular level. This prevents
oxygen from being used by the mitochondrial electron
transport chain which blocks aerobic metabolism. This
causes histotoxic anoxia which rapidly leads to death.
Cyanide is present in the body at low concentrations from
naturally occurring environmental sources. It is detoxified
by enzymatic transformation to thiocyanate (SCN2) which
is excreted in the urine. Thiocyanate formation is catalyzed
by the enzyme rhodanase (58). Cyanide is less toxic than
other chemical warfare agents shown in Table 12. The
estimated intravenous dose that is lethal to 50% of the
exposed population (LD50) of HCN for man is 1.0 mg/kg.
The estimated LD50 for liquid on the skin is 100 mg/kg.

Signs and Symptoms
In most situations, the first indication of contact with
cyanide agents might be the smell of bitter almonds, or in
the case of agent CK, the sudden irritation of the nose and
throat. Exposure to toxic concentrations of cyanide gas is
fatal within minutes. Cyanogen chloride produces irritation
of the eyes and mucous membranes similar to that produced
by riot control agents (58). An initial hypercapnea will be
seen within a few seconds of exposure followed by loss of
consciousness and death. An odor of bitter almonds may
be detected before symptoms begin.

After exposure to lower concentrations or exposure via
the oral or percutaneous routes, the effects are slower to
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develop. After oral exposure, the time to death after a lethal
dose of cyanide may be 30 minutes during which time an
antidote could be administered (58).

Early signs and symptoms of cyanide poisoning
include tachypnea, headache, dyspnea, a feeling of excite-
ment, anxiety, and agitation progressing to seizures, dia-
phoresis, flushing, weakness, ENS depression, and coma.
Dilated unresponsive pupils are prominent signs of
cyanide intoxication. The skin color may be cherry red as
the blood is well oxygenated, but the oxygen cannot be uti-
lized at the cellular level. Pulse oximetry will show normal
values. Symptoms are summarized at Table 14.

Diagnosis and Treatment
Oxygen content of venous blood will be higher than normal
and a progressive lactic acidosis will be seen. Blood cyanide
levels are useful in confirming the clinical diagnosis but
treatment is performed from clinical findings. Mild symp-
toms may be apparent at concentrations of 0.5–1.0 mg/ml,
and concentrations of 2.5 mg/ml and higher are associated
with coma, convulsions, and death (58,59,63). Cyanide has
a short half-life, so concentrations fall rapidly in stored
blood.

The therapy for cyanide toxicity involves eliminating
further exposure, administering antidotal therapy, and insti-
tuting supportive care. Remove the patient from the environ-
ment containing cyanide. Remove all contaminated clothing.
Rinse the skin with soap and water if patients appear to have
liquid on their clothing. Exposure to vapor does not nece-
ssitate wet decontamination, only removal to a noncon-
taminated environment. Lavage and administer activated
charcoal if cyanide was ingested (58,59,63).

The antidotes for cyanide (sodium nitrite, amyl
nitrite, and sodium thiosulfate) are very effective if adminis-

tered before the cessation of cardiac activity (58). The
initial therapy for cyanide toxicity involves using methemo-
globin to displace the cyanide from cytochrome oxidase. The
oxidized form of heme iron (Fe3þ) in methemoglobin has a
higher binding affinity for cyanide than does cytochrome
oxidase. This preferential binding of cyanide to the methe-
moglobin allows formation of cyanomethemoglobin, which
frees the cytochrome oxidase to function normally in
aerobic respiration. Sodium nitrite and amyl nitrite is used
in the United States as the methemoglobin-inducing drug
of choice for this therapy. These nitrites are vasodilators
which necessitate blood pressure monitoring during the
therapy. Amyl nitrite is in glass “pearls” which may be
broken releasing a vapor which may be administered to
the patient through an Ambu bag. It is administered

through the pulmonary route. This can be done while IV
access is being established. Sodium nitrite is administered
intravenously. The usual adult dose of sodium nitrite is
300 mg (10 ml of 3% solution) IV over 5 to 20 minutes. The
usual pediatric dose of sodium nitrite is 0.33 ml/kg of 10%
solution IV over 5 to 20 minutes, not to exceed 300 mg (63).

A single dose usually raises the methemoglobin level
to 20% in an adult. The second dose is usually half the first
dose. Methemoglobin levels should be monitored and main-
tained at 35% to 40%. Beyond that level, the methemoglobin
itself will interfere with oxygen transport. Methemoglobin-
inducing drugs should not be given to fire victims even if
cyanide toxicity is suspected, because the methemoglobin
will further impair oxygen delivery in the presence of car-
boxyhemoglobin. These patients should receive thiosulfate
and oxygen therapy (58).

The second step of therapy is administration of
sodium thiosulfate which is a sulfur donor. The sodium thio-
sulfate donates a sulfur atom to rhodanese (the enzyme that
metabolized cyanide) allowing the conversion of cyanide to
thiocyanate. Treatment with sodium thiosulfate itself is effi-
cacious, relatively benign, and also synergistic with oxygen
administration and thus may be used without nitrites
empirically in situations such as smoke inhalation with
high carboxyhemoglobin levels (59). The dose of sodium
thiosulfate for an adult is 12.5 g (50 ml) IV delivered over
10 minutes; repeat at half initial dose in one hour if symp-
toms persist. For pediatric patients, the sodium thiosulfate
dose is 1.65 ml/kg of 25% solution over 10 minutes, not
to exceed 12.5 g; repeat in one hour at half initial dose if
symptoms persist (63).

RADIOLOGICAL AGENTS

There are two types of radiological weapons that may be
used by a terrorist. The first is use of a thermonuclear
weapon. To date, development of such weapons requires
technical sophistication and effort that only national military
programs have possessed. The terrorist is more likely to
attempt to steal or buy such a weapon. Detonation of such
a weapon would produce mass casualties from the resulting
blast, fires, and radiation, with victims suffering from
trauma, burns, and acute radiation syndrome. Significantly
easier to obtain than nuclear weapons are radioactive iso-
topes, which are used at industrial and medical sites.
About 21,000 organizations are licensed to use such
materials in the United States. Several hundred such
devices are lost or stolen each year in the United States
(64). Radiation sources can be used by the terrorist to con-
struct radiation dispersal devices (RDDs).

Radiation Dispersal Device (“Dirty Bomb”)
The RDD is more commonly known as the “dirty bomb.”

A dirty bomb combines a conventional explosive, such
as dynamite, with radioactive material. The conventional
explosive itself would cause more casualties than the radio-
active material. At the levels created by most probable
sources, insufficient radiation would be present in a dirty
bomb to kill people or cause severe illness. In models
developed by the Federation of American Scientists,
typical dirty bomb devices made with stolen industrial
isotopes would be unlikely to produce immediate deaths
due to radiation (65,66).

Table 14 Symptoms of Cyanide Poisoning

Exposure to low concentrations of cyanide

Transient increase in rate and depth of breathing

Dizziness

Nausea, vomiting

Headache

Intense irritation of the eyes, nose, and respiratory tract

Exposure to high concentrations of cyanide

Transient increase in rate and depth of breathing—15 sec

Convulsions—30 sec

Cessation of respiration—2–4 min

Cessation of heartbeat—4–8 min
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Severe contamination or ingestion of isotope would be
required to cause death. However, the detection of radiation
after an overt terrorist attack would aid the development of
panic and probably require decontamination and long-term
evacuation of the affected urban area with considerable
economic and societal disruption (65).

A second use of radiological terrorism would be to
hide a strong radiation source in a public place without an
explosion, exposing persons to radiation until it was
detected. This method lacks the spectacular effect favored
by some terror groups. A third type of attack would be to
attack a nuclear power facility, although considerable
energy would be required to disrupt the reactor core’s con-
tainment vessel (67).

The possibility of adding radioisotopes to any explosive
device means that victims of a possible bombing should be
screened for radiation. This can be quickly done at the
entrance to the hospital with the use of a Geiger counter.
The principles for response are similar to those for a chemical
agent attack. Triage and decontamination are still carried out
at the entrance to the Emergency Department (ED). Clothing
is removed. Contaminated items are collected in labeled
plastic bags. Water is the principal decontamination solution
in mass casualty scenarios. Staff should have personal
dosimeters. Hospital radiation safety officers and their
trainees should provide radiation survey instruments and a
careful survey performed on each contaminated patient.
Contaminated patients are resurveyed after decontamination.
The facility may later require decontamination (68).

The RDD events are very unlikely to contaminate
victims in a way that will be harmful to responders or care-
givers. Acutely injured victims receive immediate treatment,
regardless of the type of degree of PPE that is available. Stan-
dard precautionary gowns and masks should be used if
available, but care of patients with life-threatening injuries
should not be delayed. Contaminated personnel, equipment,
and vehicles can be cleaned later, at little risk to human
health or the integrity of the equipment. With less-seriously
injured victims and with more time to prepare, greater dis-
cretion and attention to PPE is permissible (69).

Allaying the fear of staff dealing with contaminated
patients may be necessary. Presenting illnesses and injuries
are dealt with first and a baseline complete blood count is
obtained. Hospitals should consider keeping a supply of
potassium iodide to help reduce the risk of thyroid cancer
from radioactive iodine exposure. Such exposures may
arise from a nuclear power plant incident or in radioactive
fallout from a terrorism event involving the detonation of a
nuclear device. Most likely “dirty bomb” isotopes will not
require potassium iodide protection (70).

Acute Radiation Syndrome
After addressing life-threatening injuries, the patient can be
assessed for signs of acute radiation syndrome (ARS): this is
a serious illness caused by receiving a dose greater than
0.5 Gy (50 rad) of penetrating radiation to the body in a
short time (usually minutes) (66). Onset and duration of
symptoms and signs of ARS and mortality rate are depen-
dent on the magnitude of radiation dose and the presence
of trauma or burns.

Signs and Symptoms
Prodromal ARS is seen in individuals receiving a dose of
10 to 20 Gy or more within 1 to 72 hours after exposure.
The symptoms are nausea, fatigue, vomiting, and diarrhea.

The origin of the anorexia, nausea, and vomiting is the
CNS. These symptoms gradually merge into loss of con-
sciousness, hypotension, and death (components of the cer-
ebrovascular syndrome that is characterized by neurologic
failure and cardiovascular collapse) before gastrointestinal
and hematopoietic toxicity can develop. Death occurs
within a few days after exposure to 10 to 20 Gy. A rapid,
severe prodromal response has a poor prognosis; death
ensues within two to four weeks after severe pancytopenia,
coagulopathy, and infection.

The manifest illness phase of ARS follows the prodro-
mal phase where syndromes specific to four major organ
systems are seen: the neurovascular system, the hematopoietic
system, the cutaneous system, and the gastrointestinal system.

Diagnosis and Treatment
In unclear cases, assessment of possible radiation exposure
can be performed by taking swabs of wounds and body
orifices for radiation counts. Urine and stool samples can
also be taken to look for ingestion of isotope. Evaluation
of system-specific signs and symptoms is required for
triage of victims, selection of therapy, and determination of
prognosis.

Treatment of severely irradiated victims has two com-
ponents. The first is aggressive supportive care. Animal
studies show improved survival after lethal irradiation
treated with antibiotics, platelets, or whole blood transfu-
sions and fluids. The estimated LD50 for untreated victims
of radiation ranges from 1.4 to 4 Gy, but with aggressive
supportive care, LD50 increases to 6 to 7 Gy (71,72). Improved
survival is also seen in preclinical studies with the adminis-
tration of granulopoietic cytokines, G-CSF, GM-CSF, or
pegylated filgrastim as soon as possible after the exposure.
IL-11, TPO, IL-7, and KGF may also be administered (73).
The use of hematopoietic stem cell transplants (HCTs) is
likely to be very limited: victims would have to have had
lethal bone-marrow damage without lethal injury to other
organs, and have a source of compatible hematopoietic
stem cells. In a series of 29 radiation victims receiving
HCT, median survival was only 33 days, seven died of
graft versus host disease and there were only three survivors
at one year (74).

WEAPONS OFMASS DESTRUCTION CASUALTYMANAGEMENT
Personal Protective Equipment
PPE is the clothing and respiratory gear designed to protect
the health-care provider while caring for the contaminated
patient. The minimum protective equipment required by
OSHA regulations for health-care providers caring for
patients contaminated with an unknown substance include
chemical-resistant suits that guard against splash exposures
and positive-pressure full-faced respirators (75). Using this
equipment requires specialized training and it is of vital
importance to have all staff members responding to such
an event properly trained in the appropriate use of this
equipment. The PPE is divided into three levels: A, B, and
C, depending on the hazard present (Fig. 4). In addition, pro-
tective respiratory devices are divided into three basic types:
atmosphere supplying [self-contained breathing apparatus
(SCBA) and supplied-air respirator (SAR)] and air-purifying
respirator (APR) (76–78).

The SCBA consist of a full facepiece connected by a
hose to a portable source of compressed air. The open-
circuit, positive-pressure SCBA is the most common type
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and provides the highest level of respiratory protection. The
SARs consist of a full facepiece connected to an air source
away from the contaminated area via an airline. Because
SARs are less bulky than SCBA, they can be used for
longer periods. The SARs also are easier for most hospital
personnel to use. Supplied air respirators, like SCBA,
provide the highest level of respiratory protection. The
APR filters particulate matter from ambient air and rely on
ambient oxygen levels. The N95 particulate masks are a
type of APR; they require proper fitting to be effective, and
have time-limited use.

Level A PPE (Fig. 4) is required in the area of a chemi-
cal release if potentially dangerous exposure levels are
present. Level A PPE is fully encapsulated and chemically
resistant to both liquid and vapor. Level B suits are typically
used in the decontamination procedure. This suit consists of
a full-faced positive-pressure respirator and nonencapsu-
lated chemically resistant garments, gloves, and boots.
Level C protection is used when the chemical hazard is
known, the concentration is at nontoxic levels, and
ambient air oxygen levels are at or above 21% of atmospheric
levels. Level C protection involves nonencapsulated chemi-

cally resistant clothing, air-purifying respirators to filter air-
borne contaminants, gloves, and boots. Level C PPE
provides the same level of dermal protection as level B
PPE, with a lower level of respiratory protection.

Two important principles remain to guide the optimal
choice of PPE. Whenever possible, choose the level of PPE
based on the known properties of the hazard. When the
types or properties of the hazard are unknown, assume a
“worst-case” exposure and use the highest level of available
PPE (77). The use of PPE is associated with a number of
potential limitations (79). The PPE also is associated with
potential “hazards” or risks to wearers. Generally, higher
levels of PPE are more difficult to use (Table 15). Appropriate
and prompt decontamination by ED personnel in PPE allows
other health-care workers to deal with patients using appro-
priate standard precautions clothing of N95 mask, gowns,
and gloves.

Chemical Agent Decontamination
Chemical decontamination has two primary goals: the pre-
vention of further harm to the patient from the chemical

Figure 4 (A) Rescuer wearing Occupational Safety and Health Administration (OSHA) level A protection. Note that he is

encapsulated completely with a self-contained breathing apparatus (SCBA). This type of suit provides the highest degree of both

dermal and respiratory protection and is appropriate for wear in an immediate danger to life and health (IDLH) environment (i.e., hot

zone). However, the garment severely limits communication and provides a great deal of heat stress. Source: Photo courtesy of Tom

Blackwell, M.D. (B) Rescuer wearing OSHA level B protection. This type of suit provides excellent splash protection from the front,

but the wearer is not encapsulated completely. Air is supplied by a self-contained breathing apparatus (SCBA, shown here) or

supplied-air respirator (SAR). Level B protection is appropriate for workers performing patient care and decontamination in the warm

zone, in which the victims and their clothing possibly are contaminated with a chemical that could evaporate or be absorbed through

the skin. Source: Photo courtesy of Tom Blackwell, M.D. (C) Rescuer wearing OSHA level C protection. The dermal protection is

the same as with level B, but the rescuer now is breathing filtered air from a powered air-purifying respirator (PAPR) rather than

supplied air from a tank. Because it avoids the weight and complexity of a self-contained breathing apparatus (SCBA) system, level

C protection is much easier to wear and causes less heat stress. Level C protection is appropriate for most activities in the warm zone,

unless droplet and/or vapor levels are very high. Source: Photo courtesy of Tom Blackwell, M.D.
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exposure and the protection of health-care providers from
secondary contamination or exposure. In addition, adequate
decontamination maintains the viability of the health-care
facility. In the event of facility contamination, departmental
closures would occur which would be catastrophic in a
mass casualty incident (80). Before chemical decontamina-
tion can occur, chemical contamination must be recognized
or suspected. One should always consider a chemical
exposure in the differential diagnosis for any mass casualty
incident in which multiple ill persons with similar clinical
complaints (point-source exposure) seek treatment at the
same time or in persons who are exposed to common venti-
lation systems or unusual patterns of death or illness.

A decontamination site requires the establishment of
three areas: the “hot zone,” where incoming traffic, person-
nel, and casualties potentially contaminate this area; the
“warm zone,” where decontamination takes place; and the
“cold zone,” a clean area, where casualties are re-triaged
and moved into the health-care facility.

Ideally, decontamination should occur outside the hos-
pital by EMS and fire department personnel. If this has not
taken place, immediate preparation for outdoor decontamina-
tion should occur. This can be accomplished very simply with
high-volume, low-pressure shower nozzles, or a fire truck
and hose combination. If indoor decontamination is necess-
ary, a decontamination room is the ideal location. Indoor
decontamination should only occur in cases in which a con-
trolled indoor environment may be maintained safely.

If such a room is not available, try to isolate the patient
in a single large room after removing nonessential and non-
disposable equipment. Ideally, this room should be away
from other patient care areas. Maintain ventilation to the
area in which the patient is located, but be wary of further
contaminating the hospital with recycled ventilation. Estab-
lish a secure zone with yellow tape and permit only

appropriately protected individuals to enter as needed.
Include in the secure zone any area the patient may contami-
nate while entering the ED (51,77,81).

The best universal liquid decontamination
agent for chemical agents is 0.5% sodium hypochlorite
solution. It is prepared easily by diluting standard 5%
sodium hypochlorite household bleach to one-tenth strength
(i.e., nine parts water or saline to one part bleach). Hypo-
chlorite solution works through physical removal and
oxidation and/or hydrolysis of the agent; water does this
at a much slower rate. Approximately 0.5% hypochlorite sol-
utions are for use on the skin and soft-tissue injuries, includ-
ing open lacerations. Do not use it in penetrating abdominal
wounds (leads to development of peritoneal adhesions), in
the eye (leads to corneal opacities), in open chest wounds,
or in open brain or spinal cord injuries (effects unknown).
Irrigate these areas with copious amounts of sterile saline
solution. After using hypochlorite solution on either the
skin or soft-tissue wounds, subsequently irrigate these
areas with sterile saline solution. In mass casualty scenarios,
there may be large numbers of persons to be decontami-
nated, so copious irrigation with water only may be the
only practical decontamination agent (82). Decontamination
is carried out as described in Table 17 (51,77,83–86).

If contamination of a hospital unit is suspected, eva-
cuation is rarely indicated. In most situations, isolation of
the contamination is all that is required. Evacuation of the
unit may be required if there are toxic material spills in a hos-
pital unit, if nearby hazardous materials are threatening the
hospital, or if a patient is contaminated with a volatile toxic
or flammable chemical and is decontaminated insufficiently
prior to entering the ED. If symptoms start to occur outside
of the isolation area or the situation requires urgent
decision-making without time to identify the contaminant,
consider evacuation. Odor does not predict toxicity reliably.

Table 15 Problems Associated with Personal Protective Equipment

Improper use

Must be properly fitted, tested, and periodically checked before use

Penetration

Agents may penetrate openings in protective respiratory equipment or clothing; the risk of penetration increases with the use of negative-

pressure respirators

Permeation

Permeation refers to the process by which agents cross through protective barriers; permeation depends on both the properties of the

protective garment (or equipment) and concentration of chemical at surface; permeation is measured in terms of the breakthrough time

Degradation

Degradation refers to the process by which structural characteristics of PPE are degraded by contact with chemical substances; degradation

allows permeation or penetration

Recontamination

Wearers may become contaminated during PPE removal unless decontamination and PPE removal protocols are followed systematically

Other problems

Time needed to don garments, with level A PPE requiring the longest time

Impaired dexterity leading to difficulty in performing certain lifesaving interventions

Impaired mobility due to weight and if using a SAR the wearer must retrace his or her steps along the supplied airline to exit hot zone

Impaired communication due to facepiece or mask

Impaired vision since a facepiece limits the wearer’s visual field

Heat stress due to encapsulation and moisture-impermeable material

Increased weight with the level A and SCBA as the heaviest PPE

Psychological stress due to encapsulation increases the psychological stress to wearers and patients

Limited oxygen availability with the use of SCBAs which are limited by the air in the tank

Abbreviations: PPE, personal protective equipment; SAR, supplied-air respirator; SCBA, self-contained breathing apparatus.
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Biologic Agent Decontamination
Biological agents have no immediate warning signs upon
release, and effects of an attack are usually delayed for a
number of hours or days. As a result, first responders will
not be called to respond to victims from a “release area” as
typically occurs after a chemical incident. This makes early
detection and identification of the bacterial agent difficult.
Ideally, the best way to minimize or prevent injury is to

have a detection device available to first responders at the
scene to quickly identify the causative agent. This technol-
ogy, however, is not yet commercially available.

Many scenarios involving the use of biological agents
suggest an attack by aerosol dissemination. Consequently,
disease onset in a community would be rapid, and treatment
would need to be implemented quickly to have any effect on
mortality or to ensure effective prophylaxis by implementing

Table 16 Categories for Triage of Chemical Casualties

Immediate Delayed Minimal Expectant

Nerve agent

Talking, not walking (severe

distress with dyspnea, twitch-

ing, and/or nausea, vomiting);

moderate to severe effects in

two or more systems (e.g.,

respiratory, GI, muscular);

circulation intact

Recovering from severe

exposure, antidotes, or

both

Casualty walking and

talking; capable of

self-aid; imminent

return to duty

Not talking; circulation

failed (with adequate

treatment resources,

classify as immediate)

Not talking (unconscious), not

walking; circulation intact

Not talking, not walking; circu-

lation not intact (if treatment

facilities are available; if not,

classify as expectant)

Cyanide

Severe distress (unconscious,

convulsing, or postictal, with

or without apnea) with circu-

lation intact

Recovering; has survived

more than 15 min after

vapor exposure

Circulation failed

Vesicant

Airway injury; classify as

immediate if help obtainable

(rare)

Skin injury on greater than

5% but less than 50%

(liquid exposure) of

body surface area; any

body surface area burn

(vapor exposure); most

eye injuries; airway

problems beginning

more than 4 hr after

exposure

Skin injury on less than

5% of body surface area

in noncritical areas;

minor eye injuries;

minor upper airway

injury

Greater than 50% body

surface area skin injury

from liquid; moderate-

to-severe airway injury,

particularly with early

onset (,4 hr after

exposure)

Phosgene

Acute airway injury: classify as

immediate if resources

available

Onset of symptoms more

than 4 hr postexposure

Moderate to severe injury

with early onset (,4 hr,

resource dependent)

Table 17 Decontamination Process

Determine whether the patient requires any immediate lifesaving interventions; if required, stabilize the patient before or during

decontamination

Have the patient perform as much self-decontamination as possible to decrease the amount of cross-contamination

Remove the patient’s clothes and jewelry and place them in plastic bags

Wash the patient from head to toe with soap and water; avoid vigorous scrubbing to prevent skin breakdown

Decontaminate open wounds by irrigation with saline or water for an additional 5–10 min

Try to avoid contaminating unexposed skin on the patient; use surgical drapes if necessary

Flush exposed areas with soap and water for 10–15 min with gentle sponging

Irrigate exposed eyes with saline for 10–15 min, except in alkali exposures, which require 30–60 min of irrigation

Clean under fingernails with a scrub brush

Ideally, collect runoff water in steel drums if possible
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PPE, antibiotic therapy, or vaccinations if available. A

high index of suspicion and awareness of the clinical
picture afforded by the most common biological agents is
necessary to detect sentinel cases (87).

The best safeguard to prevent the spread of a biologi-
cal agent is self-protection. The first responder and medical
caregiver must treat every patient with respiratory com-
plaints (fever, cough, and shortness of breath) and open
wounds as a possible infectious source. All health-care pro-
viders should wear eye protection and follow standard
blood and wound precautions when treating these patients.
Special protective garments are not required as clothing or
disposable gowns provide reasonable protection against
skin absorption.

Decontamination should be considered when the
patient’s skin is known or suspected of being contaminated
with a biological agent. Merely removing the victim’s cloth-
ing and placing them in a sealed bag for later disposal fol-
lowed by a simple soap and water shower will ensure
adequate protection in most cases (88). Biological agents
are not volatile and are difficult to re-aerosolize unless
present in very high concentrations. Individual patient
decontamination is not necessary after a biological agent
attack if the patient presents to hospital after the inoculation
period. Conversely, asymptomatic patients exposed to a
recent biological agent aerosol or powder could potentially
have heavy contamination.

Triage
It is vital to establish a chain of command to supervise the
hospital staff during a mass casualty event and to provide
an orderly response when large numbers of casualties
arrive. This chain of command should be delineated in
the Health Care Emergency Incident Command System in
the emergency operations plan (89). The first task is to
triage casualties before decontamination and as they enter
the hospital. The purpose of triage is to sort the injured by
priority and determine the best use of available resources
(e.g., personnel, equipment, medications, ambulances, and
hospital beds). Triage at the hospital occurs prior to deconta-
mination and treatment. Evacuation to other medical facili-
ties may be necessary to provide specialty care or to
distribute the patients throughout the regional health-care
system (90). Decontamination should be supervised by a
safety team. A large number of minimally contaminated
casualties may arrive at the health-care facility. Expect at
least a 5:1 ratio of unaffected to affected casualties.

Preparedness in Critical Care Units
When the number of patients exceeds the treatment capa-
bility of a medical treatment facility, resource management
becomes crucial. Planning for the availability of beds, staff,
essential supplies, equipment, and PPE at critical times
requires close coordination between administration, clinical,
and support personnel (91,92). The intensivist’s role is
critical, including making triage decisions regarding the
appropriate use of critical care beds, which automatically
dictates how non-ICU beds are used, and making decisions
in ethics committees on issues of futility and withdrawal of
care. The WMD attacks can produce large numbers of simi-
larly and severely injured patients all requiring critical care
services.

Maintain a list of the location and quantity of venti-
lators and establish agreements between vendors and hospi-
tals prior to an incident. These agreements must be reviewed

and agreed upon by all health-care facilities in the commu-
nity and not limited solely to agreements between one hos-
pital and a supplier. Develop a respiratory therapy mutual
aid plan among multiple hospitals and include ventilator
vendors. Other important equipment requires the same
coordination and written agreements.

List vital pharmaceuticals and supplies and prepare
them for rapid distribution. An integral part of an emer-
gency plan includes listing specific antidotes and supporting
pharmaceuticals for the most likely emergency situations.
Such lists permit pharmacists to prepare preplanned
packages to send to the emergency treatment area and
save valuable time in meeting the treatment demands of
many casualties.

Awareness of the stockpile of antidotes maintained by
the Metropolitan Medical Response Systems, the National
Medical Response Teams, and the Strategic National Stock-
pile (formerly National Pharmaceutical Stockpile) as well
as the antidotes’ expected time of arrival might alleviate
demands to acquire large quantities of antidotes locally. A
regional pharmaceutical mutual aid plan can be developed
among hospitals and can include pharmaceutical suppliers
(93,94).

The influx of both patients and staff requires
additional food service support, housekeeping service, and
maintenance workers. Areas for the temporary storage of
potentially contaminated remains, clothing, and other per-
sonal belongings must be identified and stored until final
disposition is determined. A security plan for the facility
and critical care units is required to avoid contamination
and crowds. The disruptive effect of mass media attention
must be anticipated and a public relations plan made.

EYE TOTHE FUTURE

Although WMD agents have been used in conflicts through-
out history, the possibility of such an attack in developed
nations seemed remote before the events of 1991. Now
increased attention and funding have been focused on
defenses to a WMD attack. CBR weapons are attractive to
the terrorist and the potential for a catastrophic attack
using weapons developed for the Cold War requires new
defenses to be developed.

Biotechnology is a double-edged sword that will
deliver modified pathogens for the attacker as well as new
countermeasures for biodefense. Clinicians must be aware
that biological attack illnesses may initially progress as
the natural disease does, but the disease may demon-
strate increased virulence, resistance to antibiotics, or be
combinations of infections, such as an Ebola-smallpox virus.

Biological agent sensors currently belong only to
advanced militaries and have limited capability. Early detec-
tion of attack, especially for biological attack, is an area of
intense interest. Biological attacks that could be detected
by remote sensors or “sniffers” while still in the deployment
or incubation period could significantly accelerate the defen-
sive medical response.

Some biological agent diseases have poor outcomes
unless treated quickly after onset of symptoms (e.g.,
anthrax). Rapid laboratory testing is necessary to confirm ill-
nesses due to a biological attack. Currently laboratory testing
has significant limitations in availability or timeliness for
several agents. Technology such as DNA gene chips may
allow rapid screening and population surveillance.
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New vaccines are under development as all current
vaccines have significant problems. The problems associated
with the vaccinia vaccine for smallpox may be partly respon-
sible for the reluctance of many responders to undergo pre-
exposure prophylaxis. Anthrax vaccine requires six doses
over six months and could stand improvement. Further
research into antimicrobials and immunomodulators will
provide therapies. New antitoxins are being discovered,
such as a mutant nonpathogenic antigen in anthrax that
blocks the action of wild-type toxins.

Acute radiation syndrome therapy will benefit from
further developments in hematopoietic therapy and trans-
plantation, as well as new bioprotective prophylactic agents.

Developments in decontamination will include new
decontaminating resins and lotions, as well as clothing and
equipment that will give earlier indication and better protec-
tion for chemical agents.

Improved policy, such as increasing public health
efforts in surveillance and training, will also aid in the
early detection of a WMD attack. Finally, WMD will
become part of the initial and continuing education of all
practitioners. Alert, informed responders and clinicians
will remain the first line of defense for the foreseeable
future. Useful Web sites are listed in Table 18.

SUMMARY

When a biological agent attack is suspected or confirmed,
hospital personnel should work to obtain information on
the identification of the agent and its particular transmission
and infectious properties, along with the immediate health
consequences and specific management protocols. Local
public health, law enforcement officials, and the local FBI
also should be notified. Support and confirmation is avail-
able from the specialized laboratories at the USAMRIID
and CDC.

Although numerous biological agents exist, only a few
pose a risk of person-to-person transmission to unprotected
individuals. These agents include the respiratory form of
plague, VHF (such as Ebola), and smallpox. Patients with
these diseases should be admitted with either respiratory
droplet isolation (pneumonic plague and smallpox) or

strict isolation (VHF). Most of the bacterial agents can be
treated successfully with antibiotics (such as doxycycline
and ciprofloxacin) if the disease is recognized promptly
and the drugs are administered early. These same drugs
can be administered orally as prophylaxis for known or
imminent cases of biological agent contamination.

Chemical attacks are overt. Nerve agents are extremely
toxic weapons that act by inhibiting acetylcholinesterase.
Rapid administration of atropine and an oxime is necessary
to save life in severe exposures. Blister agents have lower tox-
icity than nerve agents. Mustard’s effects have a delayed
onset, and Lewisite and phosgene oxime cause immediate
pain. Cyanide rapidly causes death in toxic concentrations,
so antidote therapy must be rapidly instituted. Decontamina-
tion must be carried out before the chemical agent casualty
receives more definitive care.

Radiological attacks are most likely to assume the form
of the “dirty bomb.” Treatment of life-threatening injuries
and decontamination are required. Acute radiation syn-
drome is unlikely except in nuclear detonations or power
plant accidents. Awareness and preparedness for WMD
attack can save lives.

KEY POINTS

Weapons of mass destruction (WMD) include chemical,
biological, and radiological (CBR) agents designed to
produce mass casualties against unprotected persons.
The primary route of infection, or “portal of entry,” for
biological agents is by inhalation (pulmonary).
Symptoms developing after BW attacks are delayed and
nonspecific, making the initial diagnosis difficult.
Inhalation of aerosolized anthrax spores was the route
used in a terrorist biological attack, in the United
States, in 2001.
The first epidemic of plague in Europe was probably
the result of deliberate infection during warfare.
Pneumonic plague is highly communicable under appro-
priate climate conditions. There are few fulminant pneu-
monias caused by Gram-negative bacilli other than
plague.
In smallpox, all lesions are the same age (synchronous)
in their development instead of “crops” seen in vari-
cella (chickenpox).
The plan for managing a smallpox outbreak would be
to rapidly vaccinate all contacts of index cases with
live vaccinia (cowpox) virus.
Suspect cases of HFV are identified using the WHO sur-
veillance standards for acute hemorrhagic fever syn-
drome.
Nerve agents exert their biological effects by inhibiting
acetylcholinesterase.
Nerve agents act so rapidly that treatment must be
immediate.
Mark I or similar autoinjectors may be encountered by
civilian practitioners when distributed from strategic
medical stockpiles during an incipient or actual nerve
agent attack.
Operating room personnel who treat previously decon-
taminated casualties from WMD do not need Personal
Protective Equipment (PPE) beyond usual “standard
precautions” surgical garb of gloves, tight-fitting
mask, gown, and goggles/face shield.

Table 18 Web Sites for Biological, Chemical, and

Radiological Information

Public health

emergency

response

http://www.bt.cdc.gov

Biological info http://usamriid.detrick.army.mil

Chemical info http://ccc.apgea.army.mil

Radiological info http://www.afrri.usuhs.mil

NBC info: http://www.nbc-med.org

HAZMAT info http://hazmat.dot.gov

2000 emergency

response

guidebook

http://hazmat.dot.gov/gydebook.htm

Emergency

response to

terrorism

http://www.usfa.fema.gov/pdf/ertss.pdf

FDA manuals and

publications

http://www.fda.gov/opacom/7pubs.html
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Mustard’s effects are delayed, appearing up to
12 hours after exposure. The delayed presentation
often contributes to a delay in treatment (until
therapy is no longer effective).
Unlike mustard, Lewisite vapor or liquid causes
immediate pain or irritation. A person with a droplet
of Lewisite on his skin will note the burning and will
immediately take steps to try and remove it.
The antidotes for cyanide (sodium nitrite, amyl nitrite,
and sodium thiosulfate) are very effective if adminis-
tered before the cessation of cardiac activity (58).
A dirty bomb combines a conventional explosive, such
as dynamite, with radioactive material. The conven-
tional explosive itself would cause more casualties
than the radioactive material.
The best universal liquid decontamination agent for
chemical agents is 0.5% sodium hypochlorite solution.
A high index of suspicion and awareness of the clinical
picture afforded by the most common biological agents
is necessary to detect sentinel cases (87).
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INTRODUCTION

Excessive cold and heat conditions have both been
recognized throughout recorded history as significant

factors in the pathogenesis of trauma-related injury.
Historical accounts exist for civilian settings and military
campaigns, but the latter have often been better chronicled.
Weather-related war stories are not only legendary, but
they have also stimulated advances in the recognition and
management of hypothermic- and heat-related trauma.

Nearly half of Hannibal’s army was lost to cold-related
injuries while crossing the Alps in 218 B.C. (1). Hypothermia-
related morbidity and mortality sustained by soldiers during
the American Revolutionary War prompted Rush (2) to
forbid soldiers from sleeping or resting in wet clothes.
During the frozen retreat from Moscow, Napoleon’s
Surgeon General, Larrey, noted that injured soldiers close
to the fire paradoxically died more quickly than those who
remained relatively hypothermic (unwittingly describing
the concept of afterdrop for the first time). Larrey (3) also
shed light on the detrimental effects of repeated thawing
and refreezing of extremities. Cold-related injuries suffered
during both the World Wars and the Korean Conflict contrib-
uted to the misery suffered by the soldiers and affected the
results of numerous battles (4,5). More recently, frigid
winter conditions in the mountains of Afghanistan and Paki-
stan have influenced tactics employed by military special
operations forces in conducting the war on terror.

Reports of heat-related injuries also date back to anti-
quity. The bible reports the effects of solar exposure when
it states: “sun stands still in the heavens, it helps the
Hebrews fighting the more heavily armored Canaanites” (6).
Numerous famous military campaigns, including those of
Alexander the Great, and the final battle of the Crusades,
were influenced by extreme heat and desert conditions. In
the latter, heavily armored Crusaders suffered far more
heat stroke than did the Saracens who were lightly
armored and more adept at accomplishing battle pre-
parations in the evening, thereby avoiding the direct heat
of the sun. More recently, during Operations “Desert

Storm” and “Iraqi Freedom,” coalition soldiers have been
forced to relearn concepts known to ancient armies about
the conduct of summer military campaigns to minimize
heat stroke and related syndromes.

Oppressive heat conditions can also afflict the civilian
populations, particularly during the summer months.
Indeed, on August 14, 2003, the northeastern United States
and Canada experienced the most widespread power
outage in their history. Numerous subsequent hospital
admissions occurred for heat-related complications attribu-
table to loss of air-conditioning, dehydration (water pumps
failed in high-rise dwellings), and heat stroke. Also, in
the summer of 2003, an historically severe heat wave
struck Europe causing widespread heat stroke (over 3000
fatalities in Paris alone—mainly in isolated elderly without
air-conditioning). More recently, the terrorist takeover and
siege of Middle School No. 1 in Beslan, North Ossetia,
Russia, in September 2004, resulted in hundreds of deaths,
many of them were heat- and dehydration-related.

Worldwide, the most common cause of heat stroke
in young, otherwise healthy patients is excessive physical
exertion in hostile conditions. This typically occurs
when a young military recruit, or high school/college
athlete (e.g., football player) overheats during training, often
in hot environments wearing heavy equipment. These
individuals continue to push themselves, partly to demon-
strate to their coaches, drill sergeants, and fellow competitors,
that they are tough enough to endure great fatigue.

Although relatively rare compared to heat stroke,
malignant hyperthermia (MH), neuroleptic malignant syn-
drome (NMS), and drug-induced hyperthermia constitute
additional heat-related ailments that can afflict trauma
patients, and the critically ill, even in temperate climates.

This chapter begins with a review of the physical con-
cepts of heat, temperature, and thermoregulation, followed
by a summary of the common causes of hypothermia, and an
explanation of the associated mortality, particularly in
trauma patients. The specific organ system perturbations
caused by hypothermia are each surveyed, and management
principles (including rewarming techniques) are provided.
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Therapeutic hypothermia applications are briefly reviewed
along with tissue-related trauma due to cold, including
frostbite and nonfreezing injuries.

The second half of this chapter deals with heat-related
injuries, including heat stroke, MH, NMS, serotonin syn-
drome, and other causes of drug-related hyperthermia. The
intention is to provide a focus on the underlying pathophy-
siology and management considerations for both cold- and
heat-related conditions that are most relevant to the practice
of trauma and critical care medicine.

HEATGAIN, LOSS, AND THERMOREGULATION
Definitions of Heat and Temperature
Heat is defined as energy in the form of random motion that
can be transferred from a body at a higher temperature to
another at a lower temperature. Temperature (T ) is defined
as the tendency of an object to gain or lose heat. Strictly
speaking, temperature is not a measure of the quantity of
heat of an object; however, it is proportional to the internal
energy of the object. Therefore, temperature measurements
are a method of quantifying kinetic energy as defined by
the heat (kinetic) energy relationship:

Heat energy ¼
1

2
KT (1)

where K is Boltzmann’s constant (1.38 � 10223 J/8K) and
T the absolute temperature (expressed in 8K).

Simply put, heat transport will occur from a point at
higher temperature (or kinetic energy) to a point (or body)
at lower temperature (or kinetic energy). This is described
by Fourier’s equation of heat conduction [eq. (2)], which
equals the heat conduction rate in joules per second.

Heat conduction ¼ KA
dt

dx
(2)

where K equals thermal conductivity, A equals area in
contact, and dt/dx equals the thermal gradient.

Mechanisms of Heat Transfer
Hypothermia results when the heat transferred to the
environment is in excess of the combined heat gain from the
environment and internal production. Hyperthermia results
when combined heat gain and production are in excess to
heat lost to the environment. Four major causes of heat trans-
fer may occur. These are generally viewed in terms of heat loss
from a warm (378C) body to a cooler (room temperature)
external environment. Hypothermia can result from each of
these processes, and typically involves a combination of
factors working simultaneously, as well as heat redistribution
(described below). The four processes of heat transfer are:
radiation, conduction, evaporation, and convection (Table 1).

Radiation
Radiation consists of transfer of energy between objects via
electromagnetic waves. This can take place in a vacuum as
radiant energy emanating from the sun reaches and warms
the earth. Radiant heat is emitted by all objects with a
temperature above absolute zero, with the rate of heat
transfer proportional to the fourth power of the temperature
difference between any two objects studied (e.g., the patient
and the external environment). This is described by Stefan
Boltzmann’s equation as

Radiant heat ¼ K(T4
1 � T4

2) (3)

where K is a constant, and T1 and T2 represent the temperatures of
the two objects of interest. In regards to trauma patients and radiant

heat loss, when patients are exposed to the cool environment
(i.e., during the primary survey or during surgery), radiant heat
is lost to the cold surfaces of the trauma resuscitation suite
(TRS) or operating room (OR) walls.

When patients are intoxicated or anesthetized,

peripheral dilatation occurs at core temperatures normally
promoting vasoconstriction (7). The raised peripheral
skin temperature further increases the differential in temp-
eratures between the environment and the patient. There is
an increased emission of heat from the body surface to the
cool walls of the TRS or OR, resulting in increased radiant
heat loss. The techniques available for decreasing radiant
heat loss consist of: (i) covering the patient with warm
blankets, (ii) heating the room to decrease the temperature
differential, and (iii) actively heating the patient with
radiant heaters (especially useful when large surfaces must
be exposed for prolonged periods), potentially adding heat
to the patient as well as decreasing radiant heat loss.

Conduction
The second mechanism of heat loss consists of conduction,
which is the transfer of heat energy within a solid object,
or between two solid objects in direct contact. Clinically,
the rate of conductive heat transfer is related to the
thermal conductivity of the material in contact with the
patient, the contact surface area, and the temperatures
of the surface and the patient. In the TRS and OR, direct
contact between objects generally plays a relatively
minor role in cooling because sheets, blankets, and foam
pads have low thermal conductivities. However, during
the initial trauma event (e.g., fall onto ice, or cold-water
immersion), significant cooling by conduction can occur.
The heat gain or loss from moving liquids such as
occurs with intravenous (IV) fluids, or cardiopulmonary
bypass (CPB) is termed convection (“the heat transfer
during the mass movement of gas or liquid”), as discussed
below.

Table 1 Mechanisms of Heat Transfer

Mechanism Description/example

Radiation Transfer of heat energy via

electromagnetic waves according to

Boltzmann’s equationa:

Q ¼ K(T4
1 � T4

2 )

Conduction Transfer of energy between two solid

objects in contact according to

Fourier’s equationb: Q ¼ KA dt=dx

Evaporation Energy transferred during change of

phase (water to gas): 58 kcal/g water

evaporated

Convection Transfer of heat energy occurring

during the mass movement of gas or

liquid

aFor Boltzmann’s equation, Q ¼ rate of radiant heat transfer; K ¼ a con-

stant; T1 ¼ temperature of the first object; T2 ¼ temperature of the

second object.
bFor Fourier’s equation, Q ¼ rate of heat transfer by conduction;

K ¼ thermal conductivity; A ¼ area in contact; dt/dx ¼ thermal gradient.
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Evaporation
When evaporation occurs, energy is lost to the atmosphere
as the heat of vaporization. In order for water to change
from liquid to vapor state, energy is released to the atmos-
phere. One gram of water will consume approximately
0.58 kcal of energy to become a gas. In the TRS and OR,
heat can be lost quickly when moist or prepped skin is
exposed for long periods, or when normally protected
organs are exposed to the environment, as occurs with
degloving injuries and major burns, as well as during
surgery (when pleural or peritoneal structures are exposed
for long periods).

Convection
Convective heat loss results from direct transfer of energy by
collisions between the body surface molecules and those of
moving air or liquids. The more rapidly air moves, the
greater the rate of heat loss due to both convection (direct
thermal transfer) and by evaporation (i.e., via the heat of
vaporization). Understanding these concepts reinforces the
importance of reducing exposure time and placing warm
blankets over the patient to minimize exposure-related
heat loss via all of the aforementioned mechanisms. In

trauma patients, IV solutions often cool (but can also
warm) patients by convection. Similarly, heating pads can
circulate warm water to heat the patient also through this
thermal mechanism.

Regulation and Redistribution of Heat
Thermoregulation and Normal Response to Cold and Heat
Thermoregulation occurs in the hypothalamus, which
receives temperature input from five different sources
(Fig. 1), and triggers a number of efferent responses, depend-
ing upon the temperature sensed and the thermoregulatory
set point (TRSP) (7). When the core temperature (normally
378C) is higher than the TRSP, sweating and vasodilation
occur. When the core temperature drops below the TRSP,
peripheral vasoconstriction, followed by shivering, and
nonshivering thermogenesis mechanisms are activated.

Cold-induced peripheral vasoconstriction is usually
the first major physiological response to cold peripheral
blood returning to the hypothalamus. Through activation
of the autonomic nervous system, vasoconstriction proceeds
from the tips of the digits to the central part of the hand over
a few minutes. This in turn decreases blood flow to the skin,
serving to minimize all four forms of previously described
heat loss. In addition, sympathetic nervous system acti-
vation causes piloerection. Piloerection creates stagnant
areas of air along the skin surface which act as a thermal
blanket of warm insulating air, decreasing convective and
conductive heat loss.

Shivering will occur when the core temperature is
slightly lower than required for vasoconstriction. The effector
organs consist of motor tracks and skeletal muscles. Shivering
can increase heat production (and oxygen consumption) by
200%. Infants can increase heat production by brown-fat-
mediated nonshivering thermogenesis. Sympathetic input
into the adrenal gland leads to increased release of epineph-
rine and norepinephrine, increasing the metabolic rate and
resultant thermogenesis. Adipocytes perform a relatively
minor role in nonshivering thermogenesis in adults com-
pared to infants. In the liver, these stimulatory effects will
lead to increased fatty acid production and fatty acid and
glucose utilization. Neuropeptide secretion from the hypo-
thalamus creates increased levels of TSH which causes

creation of T4, and increased conversion of T4 to T3 in the
periphery (8).

When core body temperature is too high, the
cutaneous blood vessels will normally dilate, increasing

blood flow by as much as 150 times the basal rate, to
accelerate heat loss. If the heat is sufficiently intense,
the cholinergic sympathetic fibers, which innervate sweat
glands, release acetylcholine and stimulate the release of
sweat. Sweat glands originate in the dermis; the ducts pene-
trate the epidermis, releasing moist secretions on the skin
surface. Skin is the primary organ for removal of metabolic
heat, normally responsible for approximately 90% of body
heat loss (8).

Redistribution of Heat Due to Altered Thermoregulation
Normal thermal regulation is altered by alcohol, seda-

tives, analgesics, general anesthetics, and CNS injury.
Sedative and analgesic drugs have multiple effects on these
various effector loops. Drugs alter sensory input, thereby
blocking or altering compensatory responses, and very
importantly decrease the TRSP for vasoconstriction as well
as shivering and nonshivering thermogenesis. Thus, nearly
all sedative, analgesic, and anesthetic drugs cause vasodilata-
tion to occur at core temperatures that normally trigger vaso-
constriction (Fig. 2). In the case of CNS injury, the TRSP can be
altered or abolished all together, depending on the location
and severity of trauma. All of these aforementioned patholo-
gic conditions result in a redistribution of warm central blood
to the periphery where it gives off heat to the environment and

Anterior hypothalamus

Skin

Deep tissues

Spinal cord

Brain

Sweating

Vasoconstriction

Shivering

37

36
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Figure 1 Schematic illustration of thermoregulatory control

mechanisms. Mean body temperature is the integrated thermal

input from a variety of tissues, including the brain, skin surface,

spinal cord, and deep core structures. This input is shown

entering the hypothalamus from the left. However, thresholds

are usually expressed in terms of core temperature. A core

temperature below the thresholds for response to cold provokes

vasoconstriction, nonshivering thermogenesis, and shivering.

Core temperature exceeding the hypothermic thresholds

produces active vasodilation and sweating. No thermoregulatory

responses are initiated when the core temperature is between

these thresholds; these temperatures identify the interthreshold

range, which in humans is usually only about 0.28C.

Source: From Lopez M, Sessler DI, Walter K, et al. Rate and

gender dependence of the sweating, vasoconstriction, and

shivering thresholds in humans. Anesthesiology 1994;

80:780–788. Figure redrawn from Sessler DI.

Perioperative hypothermia. N Engl J Med 1997;

336:1730–1737.
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the cooler peripheral blood then returns centrally to decrease
the core temperature (Fig. 3).

Sedative and analgesic drugs known to cause this
response (decreased overall thermoregulatory setpoint)
include alcohol inhaled anesthetics, opioids, propofol, and
benzodiazepines, all of which alter the TRSP to a similar
degree (7,9,10). Ketamine also alters the TRSP, but to a
lesser extent than occurs with other sedatives and analgesics.
Barbiturates can cause a rapid fall in core temperature,
which may be partly responsible for their neuroprotective
effect.

Redistribution of heat due to the decreased TRSP is
responsible for the decrease in core temperature, commonly
seen in the first one to two hours of a general anesthetic,
and which continues to be manifest until redistribution
leads to a core temperature consistent with the altered
TRSP (Fig. 4). At this new plateau temperature, reemergence
of thermo-protective mechanisms occurs; vasoconstriction
returns so that the patient maintains the new lower
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Figure 2 Major autonomic thermoregulatory response thresholds in volunteers given desflurane, alfentanil, dexmedetomidine, or propofol.

All the anesthetics slightly increase the sweating threshold (triggering core temperature) while markedly and synchronously decreasing the

vasoconstriction and shivering thresholds. Standard deviation bars smaller than the data markers have been deleted. Source: From Ref. 7.

Figure 3 Illustration demonstrating internal redistribution of

body heat after induction of general anesthesia. Hypothermia after

induction of spinal or epidural anesthesia occurs in a similar

fashion although redistribution is restricted to the area of the

sympathectomy (generally 1–2 segmental levels higher than the

motor block). Source: From Ref. 7.
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temperature setpoint. Thermoregulatory vasoconstriction
control is relatively impaired in the elderly (Fig. 5) as well
as in infants.

Hypothermia causes increased solubility of
gases including oxygen (O2) and carbon dioxide (CO2), and

alsoofnumerous drugs including inhaled vapors (e.g., isoflur-
ane) (7,9,10). The increased solubility, coupled with the
decreased ability to metabolize drugs in the liver leads to

increased duration of drug residency in both blood and
tissues. Maximal drug excretion can decrease by 10% per
0.68C. Hepatic detoxification is also decreased in part due
to decreased cellular metabolism, and partly due to
decreased hepatic blood flow (8,11,12). Hypothermia slows
the metabolism of most drugs commonly used during
surgery. Examples include the IV anesthetic propofol and
the neuromuscular blockade (NMB) drug, vecuronium,
which acts twice as long in patients cooled to a core tempera-
ture of 34.58C (13).

An increased duration of NMB drugs is often
seen with reduced core temperature as a consequence of
impaired renal and hepatic metabolism, and also due to
synergy from inhaled vapors (if used). Postoperatively,
hypothermic patients have delayed drug clearance and
delayed awakening from anesthesia.

DEFINITION AND CAUSES OF HYPOTHERMIA
Description and Grading of Hypothermia
Normothermia is generally defined as a core temperature of
378C (98.68F) (11,12). Hypothermia refers to a core tempera-
ture �35.98C (7). Although recent trials have failed
to show long-term benefits, mild-moderate hypothermia
(35.9–32.58C) might actually be beneficial for patients with
isolated traumatic brain injury (TBI) under certain con-
ditions, that is, no associated injuries and no evidence
of bleeding or coagulopathy (discussed subsequently) (14).

Despite the neuroprotective effects of moderate
hypothermia, severe hypothermia (core temperature of

�32.58C) is detrimental in major trauma and directly con-
tributes to mortality (15).

Definitions and grading systems for hypothermia vary
among investigators, and physiologic effects are not entirely
uniform between individuals. The generally accepted spec-
trum of hypothermia is divided into five major groups
(Table 2). Mild hypothermia consisting of core temperatures
ranging from 35.9 to 358C represents a relatively minor per-
turbation from normal. Temperatures in this range can be
seen daily in anesthetized patients without exposure to
cold and without resuscitation.

Moderate hypothermia, 34.98C to 32.58C, is com-
monly encountered during massive resuscitation efforts
of trauma patients. Hypothermia of this magnitude or
lower is of immediate concern, and although the systemic
signs are mild, patients with moderate hypothermia are
often confused and disoriented. Severe hypothermia consists
of temperatures of 32.4 to 28.18C. Greater physiologic impact
is apparent at this point, including a diminished mental
status and amnesia to events (16). Life-threatening hypo-
thermia consists of a core temperature �288C (i.e., deep
hypothermia): clinical signs and symptoms can mimic
brain death including dilated pupils, absent deep tendon
reflexes, and lack of response to pain. It is unusual to be
able to conduct a normal heart rhythm or maintain spon-
taneous ventilation at this frigid temperature. Profound
hypothermia, �188C, is occasionally used for surgeries
requiring circulatory arrest.

Causes of Hypothermia
Some investigators categorize the etiology of hypothermia as
primary (i.e., that occurring due to exposure to cold), versus
secondary (i.e., hypothermia occurring in patients without
exposure to excessively cold temperatures). Secondary
hypothermia is one of the many causes of thermoregulatory
dysfunction.

Figure 4 Hypothermia and general anesthesia. Hypothermia

during general anesthesia develops with a characteristic pattern.

An initial rapid decrease in core temperatures results from a core-

to-peripheral redistribution of body heat. This redistribution is

followed by a slow, linear reduction in core temperature that results

simply from heat loss exceeding heat production. Finally, core

temperature stabilizes and subsequently remains virtually

unchanged. This plateau phase may be a passive thermal steady

state or might result when sufficient hypothermia triggers ther-

moregulatory vasoconstriction. Results are presented as

means + SD. Source: From Ref. 7.

Figure 5 The vasoconstriction threshold was significantly less

in the elderly (33.9 + 0.68C) than in younger patients

(35.1 + 0.38C) during 60% nitrous oxide and isoflurane (0.75%

end-tidal concentration). Filled circles indicate the

vasoconstriction threshold in each patient; open circles show the

mean and standard deviation in each group. Source: From Kurz A,

Plattner O, Sessler DI, et al. The threshold for thermoregulatory

vasoconstriction during nitrous oxide/isoflurane anesthesia is

lower in elderly than young patients. Anesthesiology 1993;

79:465–469.
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Primary (Environmental or Accidental)
Primary “accidental” hypothermia consists of decreased
core temperature following environmental heat loss. Pre-
viously, healthy patients can encounter hypothermia
during participation in outdoor activities in cold weather.
Prolonged exposure to cold or cold immersion can lead to
significant hypothermia. The rate of heat loss is accelerated
in cold-water submersion due to increased thermal conduc-
tivity of the media in contact with the patient. The
thermal conductivity of water is 32 times greater than air;
thus, cold-water immersion results in more rapid heat
loss, and greater core temperature cooling than results

from heat transfer through the air alone.

Secondary (Due to Altered Thermoregulation)
The administration of drugs or the presence of medical con-
ditions that potentiate heat loss are referred to as “second-
ary” causes of hypothermia (the administration of drugs,
or the presence of medical conditions that potentiate heat
loss) (Table 3). Extremes of age, encephalopathy, and
stroke make victims more susceptible to hypothermia due
to limited coping mechanisms and decreased sensation
and ability to interpret environmental stimuli.

Hypothermia is often associated with drugs and
alcohol, primarily due to their affects on the TRSP of the
hypothalamus. As discussed earlier, most sedative and
analgesic drugs result in vasodilatation and at the same
time decrease the patient’s sensation and appropriate prep-
aration for a cold environment. Patients suffering from
spinal shock are at risk for hypothermia due to the periph-
eral vasodilation and secondary heat loss, as are patients

Table 2 Classification of Hypothermia

Classification

of hypothermia

Temperature

range (8C) Comments

Mild 35.9–35 Occurs commonly in intoxicated

or anesthetized patients,

without exposure to cold

Moderate 34.9–32.5 Occurs commonly in trauma

patients during resuscitation

(even when heating measures

taken)

Severe 32.4–28.1 Dangerous area with

coagulopathy assured and

dysrhythmia risk high

Deep 28–18 If patient develops V-fib,

defibrillation is usually futile;

thus, CPR followed by active

warming including CPB

support is necessary

Profound ,18a Although DHCA generally uses

temperatures in the 18–208C
range, core temperatures

,188C are seldom used

medically

aWith proper uniform cooling, DHCA is well tolerated in adults for 20

minutes at 188C.

Abbreviations: CPB, cardiopulmonary bypass; CPR, cardiopulmonary

resuscitation; DHCA, deep hypothermic circulatory arrest; V-fib, ventricu-

lar fibrillation.

Table 3 Common Etiologies for Secondary Hypothermia

Secondary course Examples Mechanism

Drugsa Alcohol

Anesthetics

Barbiturates

Opioids

Phenothiazines

Redistribution of warm core

blood to periphery by altering

the TRSP

CNSa TBI

CVA

Spinal cord injury

Hypopituitarism

Tumor

Injury to CNS causes impairment

in thermoregulation

Integument injurya Burns

TEN

Erythroderma

Meningococcemia

Increased heat loss to the

environment evaporative

Sepsis (most common

cause in elderly)

Reyes syndrome Alteration of TRSP

Metabolic Hypothyroidism

Hypoadrenalism

Malnutrition

Decreased metabolism

Endocrine Wernicke’s psychosis

Anorexia nervosa

Pinealoma

Tumors

Mixed

Therapeutic CPB

Organ preservation

Chiefly via conductive heat loss

All of these conditions are relevant to the trauma patient.
aIn terms of acute trauma, the first three causes are most often associated.

Abbreviations: CNS, central nervous system; CPB, cardiopulmonary bypass; CVA, cerebral vascular accident;

TBI, traumatic brain injury; TRSP, thermoregulatory set point; TEN, toxic epidermal necrolysis.
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suffering from burns and erythroderma due to loss of the
integumentary heat barrier. Endocrine issues such as
hypothyroidism, hypopituitarism, hypoglycemia, hypoa-
drenalism, and malnutrition all decrease overall metabolic
production and the ability to correct for heat loss.

MORTALITY FROM HYPOTHERMIA

Mortality rates for accidental hypothermia had historically
been quoted in the 80% range, however, more recent
studies of accidental hypothermia show a mortality of only
17% with a mean core temperature of 30.68C (17). The
higher mortality data were related to underlying diseases.
Hypothermia is a significant contributing factor in trauma
mortality. Nearly every study that has tracked this has
found that hypothermia is associated with increased mor-
bidity and mortality in severely injured patients (16–24).

Trauma-associated hypothermia increases mor-
bidity because of: coagulopathy (exacerbated by metabolic

acidosis), impaired cardiorespiratory function, peripheral
vasoconstriction, diminished hepatorenal function, and
altered immune function (7).

Injured patients with hypothermia have a higher mor-
tality than normothermic patients with similar injury sever-
ity scores (15,25). Core rewarming increases the likelihood of
successful trauma resuscitation (26). Temperature ,338C
and acidosis (base deficit .12 mEq/L) were strong predic-
tors of death in a retrospective review of exsanguinating
trauma patients undergoing surgery (27).

Jurkovich et al. (15) demonstrated that survival when
independent of injury severity was dependent on patient
temperatures, such that at core temperatures of 34, 33, and
328C, correlated mortality rates were 40%, 69%, and 100%,
respectively. In a retrospective review of 7045 patients
admitted to a surgical intensive care unit, 661 (9.4%) had
hypothermia with a mortality rate of 53% (28).

The mortality is significantly higher in the elderly
however (29,30). Elderly patients with hypothermia are
more likely to have underlying physiologic disturbances or
illnesses. Sepsis syndrome is a common presenting diagnosis
in elderly patients with hypothermia (31). Absence of febrile
response is frequently seen and is associated with increased
morbidity in elderly septic patients, thus hypothermia
should arouse a high index of suspicion and search for
underlying sepsis (32).

SYSTEMIC PATHOPHYSIOLOGYOF HYPOTHERMIA

Physiologic abnormalities of hypothermia vary between
body systems as well as between individual patients.
There is a general progression in effects and severity from
mild, moderate, and severe, to life threatening; and the
early symptoms vary from patient to patient (Fig. 6). When
the TRSP is set at 378C, vasoconstriction is first seen at
368C. At 358C shivering becomes prominent and basal meta-
bolic rate (BMR) increases significantly. If a patient does not
incur shivering due to age, underlying debilitation, or admi-
nistered drugs, then the BMR decreases 7 to 8% per 8C drop
in core temperature (7,16,33). At 348C, maximum compen-
sation is generally exhausted. This is also the lowest temp-
erature measured on most old-fashioned mercury-based
thermometers (Volume 2, Chapter 11). When hypothermia

is suspected, core temperature measurements are indicated
[e.g., esophageal, nasopharyngeal, and pulmonary artery
(PA) catheter] The full spectrum of changes occurring with
hypothermia are summarized for each organ system below,
and in Figure 6.

Neurologic
The initial stage of hypothermia has little overall neurologi-
cal effect. However, with moderate hypothermia (core temp-
erature �35.58C) confusion begins, and the clinical exam can
mimic neurologic injuries. At 348C, maximum compensation
is exhausted and patients are invariably disoriented, and
become increasingly obtunded. With profound hypother-
mia, the patient loses deep tendon reflexes, and the pupils
become sluggish. The patient then becomes unresponsive,
loses muscle tone, and becomes flaccid, essentially appear-
ing dead. At 208C the electroencephalogram (EEG) is gener-
ally flat line. The clinical diagnosis of brain death cannot
be made in the hypothermic patient. Efforts to restore core

temperature to normal must be made before brain death
can be declared.

Cardiac
During the initial phase of cold exposure and mild-to-
moderate hypothermia, sympathetic tone is increased
leading to tachycardia and vasoconstriction. This leads to
increased vascular pressures in the central volume and an

Figure 6 Signs and symptoms associated with hypothermia.

Abbreviations: BMR, basal metabolic rate; ECG, electrocardiogram;

EEG, electroencephalogram.
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overall increase in cardiac output in the early stages. As
hypothermia progresses, both cardiac contractility and heart
rate begin to decrease.

In regards to the conduction system, there is a progress-
ive increased latency and a slow overall conduction of electrical
impulses through the heart. Clinically, this results most fre-
quently in bradycardia. The ECGs demonstrate depressed
QRS amplitude with prolonged PR interval, flattening of
P-waves, a prolonged QT interval, and elongated T-waves.
As cooling continues, the pathognomonic Osborn “J-wave”
begins to be seen (34). The “J wave” is a positive deflection
appearing as a late delta wave immediately following the
QRS complex and is best detected in the lateral and inferior
leads (Fig. 7) (34,35). The Osborn wave is almost always
present as temperatures fall below 328C, and is indicative of
electrophysiologic changes occurring due to cold (34,36,37).
Bradycardia generally gives way to atrial and ventricular
dysrhythmias especially fibrillation at 32 to 308C. Ventricular
dysrhythmias become prominent at temperatures �308C
with asystole occurring at a core temperature of 218C. At
temperatures less than 308C, it is best to minimize loud
noise or rough handling of the patient, because minor
catecholamine surges can trigger a lethal dysrhythmia.

At extremely cold temperatures, it is often very difficult to
palpate a pulse. Therefore, invasive arterial line monitoring
is useful in situations to prevent unnecessary CPR.

Pulmonary
Hypothermia initially triggers a sympathetic-mediated
increase in respiratory rate (RR) and tidal volume (VT)
leading to a decreased PaCO2 (respiratory alkalosis). As the
hypothermia progresses to a core temperature �328C, CO2

retention begins with a decreasing RR, VT, and suppression
of the cough reflex. The decreased RR is related to direct
depression of the medullary center, and a central suppres-
sion of the cough reflex with copious production of thick
pulmonary secretions (“cold bronchorrhea”) that leads to
bronchial plugging and atelectasis (33). Hypoxic pulmonary
vasoconstriction is also inhibited by hypothermia. The solu-
bility of CO2 and O2 within the blood plasma increases sig-
nificantly with hypothermia and there is a leftward shift in
the oxyhemoglobin dissociation curve (increased oxygen
affinity for hemoglobin) (7). These changes can confound
interpretation of arterial blood gas values.

Gastrointestinal^Splanchnic^Metabolic
Hypothermia decreases overall BMR by 7 to 8% per 8C. In
the gastrointestinal system, hypothermia results in a
reduction in mesenteric blood flow which decreases the
metabolic efficiency of the liver and gut. Decreased intestinal
motility occurs at temperatures below 348C, leading to a

clinical ileus and increasing bowel wall edema. In addition,
with prolonged cold an occurrence of punctate gaseous ero-
sions, so called “Wischnevsky ulcers” has been reported (16).
Hypothermia, both in the primary and secondary phases as
well as previously described often leads to hyperamy-
lasemia and mild pancreatitis. Although rare, hemorrhagic
pancreatitis has been described following CPB (38), and
may be related to cold-induced hyperamylasemia (38).
Decreased hepatic function contributes to coagulopathy
and alters drug pharmacokinetics.

Decreased insulin release and resultant hyperglycemia
due to pancreatic dysfunction and decreased peripheral util-
ization of glucose occurs at 328C. Hyperglycemia also tends to
exacerbate cold-induced diuresis (described subsequently),
and may potentially counteract the beneficial effect of hypo-
thermia on neurological outcomes in patients with TBI.

Renal
The initial increase in cardiac output along with the contin-
ued increase in SVR and mean arterial pressure (MAP)
leads to increased renal blood flow (RBF), and a cold-
induced diuresis. In addition, several direct renal effects
occur predominantly related to changes within the renal
cortex. Hypothermia leads to inhibition of renal tubular
reabsorption of sodium at the level of the sodium–
potassium exchanger, inhibiting preservation of intravascu-
lar volume, and further exacerbating the “cold-induced
diuresis” (16). In addition, glomerular filtration rate (GFR)
decreases with cooling, reaching the level of 50% of normal
at approximately 308C (33). Urine flow itself is not decreased
until 208C. However, due to the loss of preservation and
reabsorption abilities, renal excretion of drugs is markedly
impaired.

Infectious Immunologic
Cold temperatures decrease white blood cell function and
thereby impair the immune system. Overall, host defense
mechanisms are compromised during hypothermia and
systemic infection can develop more easily. Serious Gram-
negative septicemia can result in a septic shock state,
which by itself can occasionally present as primary
hypothermia, especially in the elderly. In addition, associ-
ated hypothermia can initially mask the classic signs of
infection including fever and tachycardia, resulting in a
delay in diagnosis and management (38).

Hematologic
The hematocrit will increase approximately 2% for every 8C
temperature decrease. This is due to cold-related diuresis
among other factors. In addition, the viscosity of blood
increases at any given hematocrit level. This should be

Figure 7 Osborn wave demonstrated in electrocardiogram of hypothermic patient (A) (lead 2 throughout). Standardization 1 mv ¼ 1 cm.

Core temperature 238C, pulse 50. (B) Diagram of electrocardiogram shown in (A), identifying current of injury. Source: From Ref. 34.
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kept in mind in regards to the potential need for volume
replacement.

In trauma patients, hypothermia can contribute
to coagulopathy at temperatures .34.58C because other
factors (e.g., acidosis, blood loss, hemodilution, and
release of tissue thromboplastin) also contribute to

coagulopathy. The clinical effects of hypothermia on
coagulation become most significant when the core tempera-
ture drops below 34.58C in normal patients. In the absence
of contributing factors (i.e., no external bleeding or
associated injuries), coagulopathy may not become clinically
manifest until temperature drops below 33.58C.

Several effects are seen on platelet function. At core
temperature of �258C, platelets become sequestered in the
liver and spleen (40,41). Platelet sequestration is demon-
strated in dogs and may be of some importance in
humans. One study demonstrated that systemic hypother-
mia to 328C prolonged bleeding time by 2.4 to 5.4 minutes
(42). This was attributed to changes in arachodonic acid
metabolism decreasing platelet ability to form aggregates.
The effect on the coagulation cascade results mainly from
decreased enzyme reactivity with hypothermia. Interest-
ingly, a heparin-like substance has been reported to occur
with deep hypothermia at 208C (43). In addition, due to pre-
viously described loss of vasoconstriction in severe
hypothermia, (,328C), increased blood loss may occur at
the injury site with these temperatures (33).

Musculoskeletal
In the musculoskeletal system, prolonged hypothermia will
augment neuromuscular blockade. In the first 20 minutes of
acute hypothermia, the neuromuscular junction may be
somewhat resistant to nondepolarizing muscle blockers.
This is due to acetylcholine release in response to nerve
impulses, as part of the compensatory mechanisms in an
attempt to correct the hypothermia. After 20 minutes of
hypothermia, the acetylcholine stores have been mobilized
and depleted. This leads to a decrease of acetylcholine and
consequent prolongation of neuromuscular blockade (43).

INITIAL MANAGEMENTANDWARMING CONSIDERATIONS
Initial Management

Many variables contribute to accidental hypothermia
in the field such as exposure, extremes of age, health,

nutrition, medications, and intoxicants (43). Ethanol is
commonly associated with patients found down and
hypothermic in urban settings. Peripheral cold injuries
include frostbite, trench foot, and immersion foot, which
have specific considerations discussed below. The most criti-
cal hypothermia management considerations during the first
30 minutes following rescue are: (i) keep the patient alive
(ABCs), (ii) thermally stabilize the patient, and (iii) rapidly
transport the patient to a comprehensive care (i.e., level I)
trauma center.

Once hypothermia is suspected, efforts are made to
prevent further core temperature loss by removing wet gar-
ments, and replacing with warm dry blankets during trans-
port to an appropriate treatment facility (45). Airway
treatments with portable units that can deliver warm,
humidified air/oxygen heated to 42 to 468C can be used to
donate heat back to the core and improve the patient’s
heat balance (46). Exercise is generally not recommended
as a rewarming strategy (unless core temperature is above
358C) to prevent fatal dysrhythmias and hypotension

secondary to peripheral vasodilation, as well as the possi-
bility of causing “after drop” due to cool blood returning
to the central circulation (47,48).

Electrocardiogram monitoring can be problematic due
to shivering or low voltage. The QRS should be amplified as
needed, because the complexes are decreased and may be
difficult to analyze. It is important to stress that the severely
hypothermic heart (,308C) is less responsive to cardioactive
drugs, pacemaker stimulation, and defibrillation (45).

Peripheral IV access may be quite limited due to vaso-
constriction, and a central venous line may need to be placed
upon arrival in the ED. Efforts should be taken to warm
infused IV fluids prior to administration. A target infusion
temperature of approximately 41 to 438C will minimize the
propensity for further core temperature drop.

Portable rewarming techniques, if available, include
the administration of warm, humidified air or oxygen
(heated to 41–458C) and heated IV solutions (49). Airway
management and transportation should be undertaken as
gently as possible in order to avoid precipitating ventricular
fibrillation (VF), and the patient should be moved in the
horizontal position to avoid aggravating hypotension
through orthostatic mechanisms.

Endotracheal intubation should be performed to
provide effective ventilation with warm, humidified oxygen

and to prevent aspiration in unconscious hypothermic
patients. In a prospective multicenter study of hypother-
mia victims, careful endotracheal intubation did not result in
a single episode of VF (50).

If VF is detected, cardiopulmonary resuscitation (CPR)
should be instituted followed by the delivery of one shock to
determine fibrillation responsiveness (including the use of
automated external defibrillators) (51). If VF persists after
one to three shocks, further shocks should be avoided until
after rewarming to .308C. Invasive rewarming techniques
should be immediately instituted (described subsequently)
while CPR resumes.

Multiple methods of core temperature monitoring exist
(Volume 2, Chapter 11). The most frequently employed
include tympanic membrane, esophageal, PA catheter, and
nasopharyngeal. Initially, an oral or rectal temperature may
be easiest to access (tympanic membrane may be altered by
intense cooling of the ear canal). In tracheally intubated
patients, esophageal or nasopharyngeal temperatures can
be obtained. Placement of a PA catheter in severely hypother-
mic patients helps monitor core temperature continuously,
and also provides more complete evaluation of hemodynamic
status. However, due to the risk of dysrhythmia, patients
should be sedated and defibrillation equipment should be
immediately available (including the preplacement of defi-
brillation pads) prior to inserting the PA catheter.

Warming Techniques and Concepts
Treatment of hypothermia is relatively consistent regardless
of etiology, that is, primary versus secondary hypothermia.
The degree of hypothermia will determine the most appro-
priate rewarming technique as summarized in Table 4.

Regardless of warming technique utilized, it is important
to continuously monitor core temperature to evaluate
efficacy of rewarming, and to be on the alert for “after
drop” (46,47).

Passive WarmingTechniques
The most important initial measure is to remove the patient
from the cold environment and halt events that may be
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involved in continued cooling of the patient. Removal of cold,
wet clothing and covering the patient with warm blankets is
critical [if not already done by emergency medical service
(EMS) providers].

Patients’ own thermoregulatory mechanisms will gen-
erally come into play with vasoconstriction preventing
further heat loss through the large surface area, and shivering
and nonshivering mechanisms increasing BMR and heat pro-
duction. This slowly increases core temperature if further heat
loss is prevented. In patients with severe hypothermia (i.e.,
,32.58C) and/or inadequate energy stores or cardiovascular
fitness to meet the demands of this increased BMR at higher
temperatures (shivering and nonshivering thermogenesis),
active warming methods should be employed.

Active Warming Techniques
Forced Air Warming

As the majority of heat loss occurs through the skin
surface, creating a 438C microenvironment around the
patient effectively stops external heat loss (26), although
core temperature can still decrease. Considerable
evidence exists demonstrating the efficacy and safety of
forced air (convective) warming devices (Fig. 8A and B) in
both preventing and treating hypothermia in numerous
settings including the perioperative period (52–54), after
cold-water immersion (53), and other etiologies of accidental
hypothermia (35,55).

The beneficial effects of forced air warming may
be limited by thermoregulatory vasoconstriction, which
decrease the heat transfer between peripheral and central
thermal compartments. Further, it may be difficult to apply
forced air warming to some patients because of the require-
ment for patient exposure and surgery. However, this works
well technically in stable patients during transport and in the
TRS, SICU, and OR.

Warmed Intravenous Fluids
Warm IV fluids provide the simplest means of minimizing
further heat loss while at the same time transferring signifi-
cant amounts of heat to the core in patients requiring
massive fluid and blood resuscitation. For example, 10 L of
408C fluid given to a 328C patient supplies 80 kcal which is
enough to increase core temperature in a 70 kg patient by
1.48C (26,52). The thermal stress of infusing large volumes
of room temperature crystalloid and colloid or inadequately
warmed blood and blood products can result in a consider-
able decreases in mean body temperature (54).

Maintaining normothermia during massive fluid
resuscitation has been a longstanding problem. Use of effec-
tive fluid warming devices (outlet temperature .378C)
permits more efficient rewarming of hypothermic patients
when combined with other methods such as forced air.
Improvements in fluid warmer design including higher
setpoints and greater thermal capacity allow the main-
tenance of thermal neutrality with respect to fluid manage-
ment over a wide range of flow rates (Fig. 9) (35,53,56–58).
For relatively low fluid flow rates [5–80 mL/min
(300–5000 mL/hr)], the fluid warmer shown in Figure 9 is
satisfactory. However, for faster rates [.80–500 mL/min
(.4.8–30 L/hr)], as is required during massive resuscitation,
then either the Level-1 rapid infuser H1025 (SIMS Level 1,
Inc., Rockland, MA) or the Belmont FMS 2000 (Belmont
Instrument Corp., Billerica, Massachusetts, U.S.A.) is
required (Volume 1, Chapter 10 for images) (59). In a
recent head-to-head study, both the Level-1 H1025 and the
Belmont FMS 2000 delivered �378C fluids at the 250 mL/
min rate, but at the more demanding 500 mL/min rate,
only the Belmont FMS 2000 was capable of delivering
blood at �378C (59).

Other Active Warming Techniques
Heated humidification of the breathing circuit will prevent
respiratory gas-related heat loss, and can add heat to the
patient. Heated gastric lavage together with warmed
bladder irrigation represents additional options. Continuous
bladder irrigation is less efficient because there is less cardiac
output traversing the bladder.

More invasive techniques, and also more efficacious,
include placement of diagnostic peritoneal lavage catheter
for continuous heated irrigation, and heated lavage of the

Table 4 Methods to Prevent and/or Treat Hypothermia

Method Examples

Passive Warm the room (e.g., 27–308C)

Warm blankets, insulating blankets, dry off

wet skin

Active external Forced air warming: intraoperative:

rewarmed patients by 1–28C/hr,

postoperative: rewarmed patients by

0.98C/hr, cold-water immersion:

rewarmed at 2.48C/hr 8C, severe

accidental hypothermia: rewarmed patients

by 1.0–2.48C/hr

Circulating heated water mattress: most

effective when placed on top of patient

Radiant warmers:

Reduces shivering postoperatively

regardless of effect on core temperature

Active internal Heated humidified gases: insulates respiratory

tract and prevents heat and moisture lost

through breathing

Warmed IV fluids: effective at preventing

heat loss from IV fluid therapy; 2 L

crystalloid at 208C corresponds to 0.68C
decrease in core temperature; 2 L cold

blood corresponds to 0.98C decrease in

core temperature

Body cavity (e.g., peritoneal, mediastinal)

lavage: rewarmed patients by 1–38C/hr

depending on flow and dwell time;

problems with abdominal and thoracic

trauma, adhesions, drainage, and flow

Extracorporeal: CAVR: rewarmed by

1.3–2.28C/hr; does not require

heparinization; CPB: most effective heat

exchange device; preserves organ blood

flow and tissue oxygenation if mechanical

cardiac activity is lost; requires

heparinization and perfusionist

hemodialysis: exchange cycle volumes of

200–250 mL/min are possible

venovenous rewarming: can achieve flows

of 150–400 mL/min

Abbreviations: CAVR, continuous arteriovenous rewarming;

CPB, cardiopulmonary bypass; IV, intravenous.

Source: From Refs. 53, 56 in Volume 2, Chapter 11.
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pleural space utilizing chest tubes. Continuous thoracic
lavage systems have been used incorporating an inferior
tube for egress and a superior tube for continuous inflow.
These choices are particularly relevant in venues without
access to CPB. Core temperatures of less than 308C are
best warmed using CPB. Continuous arterial–venous
or veno-venous filtration systems with a heated circuit can
also be used. This leads to rapid delivery of heat and rapid
reinstitution of normothermic temperatures. To minimize
air embolism, patients are generally heated not faster than
108C per hour (which is very fast). The CPB provides
approximately 10 times the thermal capacity of any of the
other internal warming techniques.

THERAPEUTIC HYPOTHERMIA
Following Traumatic Brain Injury

Abundant experimental animal data have shown that
moderate hypothermia can improve neurological outcome
in both trauma as well as focal and global ischemic

insults.
Accordingly, clinical studies have been pursued for

the last decade to corroborate these findings in humans,
with mixed results (Table 5).

Of the more notable, Marion et al. (60) conducted a
prospective, randomized controlled trial (PRCT) in 82
patients with severe TBI (GCS 3–7). The patients assigned
to hypothermia were cooled to 338C within 10 hours after
injury and kept at 32 to 338C for 24 hours, and then
allowed to rewarm passively. At 12 months, 62% of the
patients in the hypothermia group and 38% of those in the
normothermia group had good outcomes (moderate, mild,
or no disabilities). However, hypothermia did not improve
the outcomes of the most severe (GCS 3–4) patients.
Among the TBI patients with GCS 5–7, hypothermia

resulted in a significantly improved outcome at three to six
months. However, Marion was criticized because the nor-
mothermia group was allowed to reach 38.58C, and had
slightly worse radiographic findings on CT scans.

Based on these results, a large (n ¼ 392) multicenter
PRCT was undertaken called the National Acute Brain
Injury Study-Hypothermia (NABIS-H) (14). Patients in the
hypothermia group were cooled to a target temperature of
338C within eight hours, and maintained between 32.5 and
348C for 48 hours. The control group had their core tempera-
ture maintained at 378C. Both groups received IV morphine
5 to 10 mg each hour; the hypothermia group received IV
vecuronium for 72 hours to prevent shivering, and it was
used as needed for ventilatory management in the nor-
mothermia group. The outcome at six months showed no
differences in morbidity or mortality between treatment
groups. In fact, hypothermia resulted in a higher mortality
rate for the most severely injured (GCS 3–4), and these
patients experienced a higher percentage of hours with
hypotension. Furthermore, ICP was not reduced in these
patients. Some of the reasons why the NABIS-H failed to
show improvement is because the cooling might have been
initiated too late following TBI and that hypothermia was
maintained for only 48 hours after trauma (61).

Recently, another PRCT of hypothermia in 396 patients
was published by Zhi et al. (62). Hypothermia was induced
within 24 hours in the hypothermia group (maintained at 32
to 358C for one to seven days after injury). The rectal temp-
erature of control patients was maintained between 36.5 and
37.18C. The initial GCS was similar in both groups. Out-
comes and mortality rate were significantly improved in
the hypothermia group. Although investigations are conti-
nuing on this issue, current evidence indicates that mild
hypothermia appears beneficial in younger TBI patients
with a GCS of 5–8 and elevated ICP of 20 to 40 mmHg,
but is less effective in most severely injured patients

Figure 8 (A) Forced air-warming device and hose (Bair Hugger Model 500 Warming Unit, Augustine Medical, Inc., Eden Prairie,

Minnesota, U.S.A.). Heated air from the warming unit inflates a specially designed single-use blanket. The blanket design contains a series of

hollow tubes with rounded upper surfaces and flattened lower surfaces joined in a parallel array. Once inflated, the blanket directs heated air

onto the patient through exit ports in the undersurface of the blanket. (B) Forced air warmer device configured for lower body warming. The

device can also be configured for upper body, or total body (not shown).
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(GCS 3–4) or patients without increased ICP. It is also rela-
tively contraindicated in patients with ongoing coagulopa-
thy, and or multiple additional injuries.

Following Ischemic Stroke
The effects of body temperature following cerebral ischemia
due to stroke were surveyed in an observational study of 390
stroke patients admitted within six hours of the ischemic
event. This study demonstrated an association between
body temperature and initial stroke severity, infarct size,
mortality, and neurologic outcome (63).

Subsequently, Schwab et al. (64) initiated a pilot study
on the efficacy, feasibility, and safety of induced moderate
hypothermia in the therapy of patients with acute severe
middle cerebral artery infarction and increased ICP. Moder-
ate hypothermia was induced in 25 patients with severe
ischemic stroke in the middle cerebral artery territory
within 14 hours after stroke by external cooling, maintaining
core temperature between 33 and 348C for two to three days.
The mortality rate in the hypothermic patients was only 44%
compared to a historical mortality of 80%, providing support
for the need of a PRCT to validate these findings.

Following Cardiopulmonary Resuscitation
Recently, two PRCTs, one in Australia and the other in Europe,
demonstrated a neurological benefit of applying mild
hypothermia (32–348C) via external cooling to survivors of
out-of-hospital cardiac arrests (65,66). In the European study
(n ¼ 136), hypothermia was employed for 24 hours, resulting
in 55% favorable outcome, compared to 39% in the normother-
mia group (65). In the Australian study (n ¼ 77), hypothermia
was employed for 12 hours, resulting in a 49% discharge to
home rate, compared to 26% in the normothermia group (66).

Following Myocardial Infarction
Animal models of coronary artery occlusion have demon-
strated significant reductions of infarct size using endovas-
cular cooling techniques for obtaining mild hypothermia
(Fig. 10) while maintaining cardiac output (67). Recently, a
pilot study (n ¼ 42) of acute myocardial infarction patients

Table 5 Effect of Hypothermia on Intracranial Pressure and Outcomes in Clinical Traumatic Brain Injury Studies

Author (year) PRCT

Number of

patients

Duration of

cooling Effect on ICP

Good outcomea

Hypothermia group

(%)

Normothermia

group (%)

Shiozakie et al. (1993) Yes 33 48 hr Decrease 38 6

Clifton et al. (1993) Yes 46 48 hr No change 52 36

Metz et al. (1996) No 10 25 hr Decrease

Marion et al. (1997) Yes 82 24 hr Decrease 56b 33b

Nara et al. (1998) No 23 ? Decrease

Tateishi et al. (1998) No 9 1–6 days Decrease

Clifton et al. (2001) Yes 392 48 hr Decreased % of patients

with ICP .20 mmHg

43 43

Shiozaki et al. (2001) Yes 91 48 hr Decrease if ICH 23 30

Jiang et al. (2000) Yes 87 3–14 days Decrease 47b 27b

Zhi et al. (2003) Yes 396 1–7 days Decrease 62b 38b

Gal (2002) Yes 30 72 hr Decrease 87 47

Tokutomi et al. (2003) No 31 48–72 hr Decrease

aOutcomes only for PRCTs.
bStatistically significant differences.

Abbreviations: ICH, intracranial hypertension; ICP, intracranial pressure; PRCT, prospective randomized clinical trial.

Source: From Ref. 63.

Figure 9 Intravenous (IV) fluid warmer device (Hotline, Level 1

Technologies, Inc., Rockland, Massachusetts, U.S.A.). This fluid-

warming device heats water to a 428C setpoint, and the warm water

circulates through a specially designed L-70 disposable which has

a sterile central lumen for the intravenous (IV) fluid surrounded by

an outer layer through which the warm water circulates down one

side and then back up to the heated reservoir. This method of heat

exchange prevents heat loss along the entire length 254 cm length

of IV tubing, thus delivering 38 to 398C IV fluids to the patient at

flow rates between 5 and 80 mL/min (300–5000 mL/hr).
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demonstrated both the feasibility of endovascular cooling
during primary percutaneous cardiac intervention, and
trends in reduced infarct volume without increasing
cardiac dysrhythmias, or other forms of hemodynamic
instability (68). These data support the need for PRCTs
which are ongoing in this area of interventional cardiology.

Prophylaxis for Intracranial Aneurysm Surgery
Mild intraoperative hypothermia for the treatment of intra-
cranial aneurysm clipping has been practiced for decades
with the expectation that neurological benefits were being
provided (69). A large (n ¼ 499) multicenter PRCT, known
as the Intraoperative Hypothermia for Intracranial Aneur-
ysms Trial (IHAST), has recently been completed demon-
strating no such benefit (69). The study was well
constructed and executed, with 92% of the hypothermia
patients achieving core temperatures ,34.58C, and 93% of
the control patients maintained with core temperatures
.368C. One suggestion of why no benefit was found is
that the hemorrhagic characteristics of aneurysmal disease
may be more important than the ischemic characteristics
and that it may be time to halt cooling this category of
patient in the OR (70).

Deep Hypothermic Circulatory Arrest
Use of deep hypothermic circulatory arrest (DHCA) is not
required for most open heart procedures. However, for
certain procedures [e.g., aortic arch repairs and PA throm-
boendarterectomy (PTE)], DHCA is still used (indeed
required for cerebral protection) while these great vessels
are operated upon (71,72). The reason DHCA is essential in
these conditions is that the vessels being repaired (e.g.,
PTE) or replaced (e.g., aortic arch repair) are situated such
that they are required for normal circulation of blood (even
when CPB is employed). Alternative perfusion strategies to
the brain and other organs can be used in conjunction with
DHCA.

FROSTBITE AND NONFREEZING COLD INJURIES
Frostbite
The mildest form of local cold injury, referred to as “frost-
nip,” is characterized by initial pain, pallor, and subsequent
numbness of the affected body part. Skiers, snowboarders,
and other winter outdoor enthusiasts will likely incur

these injuries in the most distal exposed portions of the
body, i.e., nose, ears, and fingertips. This is a reversible
process and warming results in the return of sensation
without observable tissue damage. When tissue actually
freezes, either with extracellular or ultimately intracellular
ice crystal formation, the process is called “frostbite.”

Frostbite consists of a spectrum of injuries including
irreversible cell destruction and potentially reversible
changes in the surrounding tissues (73,74). Initially the
local freezing process results in ice crystal formation in the
extracellular space. As water joins the ice crystal matrix,
the extracellular fluid becomes hyperosmolar, drawing fluid
from the intracellular space of nonfrozen tissues and
leading to systemic cellular dehydration and initiating cellu-
lar death. With continued decreases in tissue temperature,
intracellular ice forms; ultimately, the intracellular ice
crystals increase to a size causing mechanical disruption of
the cellular membranes.

Grading of Severity
Frostbite is the more severe form of cold-induced tissue inju-
ries. It is classified into four degrees based on severity
similar to the levels used for burn injury (Volume 1,
Chapter 34). First-degree frostbite involves superficial
tissue freezing with hyperemia and edema upon rewarming,
but no blistering of the skin. Second-degree involves partial
thickness tissue freezing with hyperemia, edema, and
characteristic large, clear blisters following rewarming. In
patients suffering from third-degree (full thickness skin)
frostbite, there is tissue freezing with death of the skin and
subcutaneous tissues resulting in hemorrhagic vesicles of
blood blisters, which are generally smaller than those seen
in the clear blisters of second-degree frostbite (Figure 11A
& B) (74). Fourth degree is the most severe form, involving
full thickness tissue necrosis not only of skin, but also under-
lying fascia, muscle, blood vessels, nerves, and bone.

The full extent and severity of frostbite is often not

known until the patient has been rewarmed and has had
several days to demarcate. Repeated episodes of
warming with refreezing will cause far more damage than
when the body parts stay in a frozen state with a single
episode of rewarming, as was first discovered by Larrey
(3). The initial presentation of all forms of frostbite is charac-
terized by pain followed by pruritis, if the injury is mild. In
more severe injuries, there is a progressive decrease in joint
mobility due to the edema, as well as neurologic sequelae
including numbness and loss of sensation with nerve dys-
function or death.

Risk Factors and Pathophysiology
Those with decreased ability to sense the environment, that
is, alcohol or drug intoxication those with psychiatric ill-
nesses have the greatest risk for the development of frostbite
injury (73). Smoking and a history of arterial disease,
especially Raynaud’s phenomenon, are associated with
negative outcomes in those exposed to cold and frostbite.
The elderly are more prone to hypothermia, and also have
an increased risk of frostbite compared to younger counter-
parts with similar environmental exposure time.

There are in fact two components involved in the
pathophysiology of frostbite injuries, the initial freeze
(described preceeding) followed by a reperfusion injury
that occurs during the warming period (74,75). The initial
vascular response to tissue cooling is vasoconstriction and
arterial–venous shunting, intermittently relieved every five

50

40

30

20

10

0

AAR (%LV) Infarct size (%AAR)

p<0.0001

Normothermia

Hypothermia

%

Figure 10 Mean infarct size in pigs after a 60-minute occlusion

of the left anterior descending coronary artery. Endovascular

cooling was started 20 minutes after coronary occlusion and con-

tinued for 15 minutes after reperfusion. Abbreviation: AAR, are at

risk. Source: Developed from data presented in Ref. 67.
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to seven minutes by transient reperfusion due to the hunting
response (76). With prolonged exposure, these responses fail
and there is no vasodilatory effect. Once the extracellular ice
crystals form, cellular dehydration occurs as intracellular
fluids are drawn out (77). The consequent cell contraction
causes disruption of the intercellular structural proteins
and enzymes due to the hyperosmolar state which starts
the process of cell death. Ultimately, intracellular
ice crystals form resulting in immediate cell death due to
expansion and rupture of cell membrane. Intravascularly,
there is endothelial cell disruption with blood cell rupture
and thrombosis resulting in local cessation of the
circulation (74,75).

As the affected extremities rewarm, aggregates of
red blood cells and platelets increase in size, leading to
further thrombosis of the microcirculation. The release of the
toxic metabolites PGF2a and thromboxane A2 can further
exacerbate vasoconstriction, as well as platelet and lymphocyte
aggregation (74,75,78). In addition, there may be persistent
anatomic dysfunction consistent with Raynaud’s phenom-
enon. The presence of nueropathic pain remains poorly
understood; however it is thought to be related to ischemic
damage to the nerves supplying the extremity.

Management
Prehospital field care involves removing the patient from the
cold environment following the ABCDEs of Advanced
Trauma Life Supportw (ATLSw) and treating for systemic
hypothermia as described earlier. Particular attention is
focused upon protecting the injured extremities and other
areas of frostbite from further damage. Because repeated
freezing and thawing worsens damage, it is preferable for
a person with frostbite to seek immediate definitive shelter
rather than temporary warming tissue which could
become frozen once again during the transfer process.
Upon obtaining a consistent warm environment, warming
treatment begins (optimally en route to the hospital).

Hospital management begins with an overall primary
and secondary survey (per ATLS algorithm), followed by
continued rewarming of the extremity using a water bath
at 408C to 428C (warm enough to accelerate thawing but
not so hot as to cause a secondary burn to the extremity).
Applied heat is not advocated because it is difficult to regu-
late and may cause additional cutaneous injury. The
warming process is complete when the affected area
appears flushed and hyperemic with good circulation.
Opioids are often required at this time to ease the pain
associated with the rewarming process. Should the involved
extremity be white and waxy without restoration of ade-
quate perfusion (above appearance), it is likely full thickness
necrosis, i.e., fourth-degree frost bite has been suffered.

After rewarming a frostbite injury, the skin should

be gently cleansed, air-dried, and placed in position to
prevent any pressure or weight bearing to the involved
extremity. Tetanus shots or boosters should be given
based on the appropriate history. Intact blisters are generally
left in place as a biologic dressing. However, ruptured
blisters are gently debrided and a topical antibiotic
ointment can be applied. After rewarming, the goal is to
prevent further injury while awaiting demarcation of
irreversible tissue destruction.

Based on the finding of arachodonic acid metabolites
in the fluid of frostbite blisters, some advocate the use of
topical aloe vera as a thromboxane inhibitor and systemic
ibuprofen or aspirin for analgesia, and to decrease the
inflammatory melieu. In a nonrandomized study, 56 patients
treated with these agents plus prophylactic penicillin
showed less tissue loss, a lower amputation rate, and a
shorter hospital stay than 98 patients treated with topical
warm saline, silver sulfadiazine, or mafenide acetate dres-
sings (77). After resolution of edema, physical therapy
should be instituted to prevent contracture formation (77).

Tobacco, nicotine, and other vasoconstrictive agents
should be withheld, and weight bearing is prohibited until
resolution of edema. Vasodilatory drugs, such as reserpine

Figure 11 Large bullae resulting from deep frostbite. The left hand (A) and both feet (B) of man with deep frostbite and moderate

hypothermia are shown. Source: From Ref. 74.
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(postganglionic sympathetic blocker), hydralazine (direct
smooth muscle relaxant), and tolazine (a 2 blocker), have
failed to show an improvement in tissue salvage (79). Simi-
larly, low-molecular-weight dextran, thrombolytic agents,
and hyperbaric oxygen therapy has not been shown to be
protective (77,80). Permanent tissue loss can be less than
originally anticipated. In a recent review, only 39% of
urban frostbite victims required debridement of the skin,
skin grafting, or amputation (74,77).

Full thickness injury will usually progress to dry
gangrene with clear delineation of non-viable tissue, unless
subsequent infection occurs. When evidence of gangrene
presents, operative debridement and IV antibiotics are war-
ranted, followed by close monitoring to detect any pro-
gression of infection. With progression into the viable
tissues, immediate amputation may be indicated to
prevent further tissue loss and sepsis due to gangrene.

Nonfreezing Injuries
Chilblains and Pernio
Chilblains and pernio are forms of local cold injury charac-
terized by red pruritic lesions associated with edema or blis-
tering caused by prolonged cold-induced vasculitis of the
dermis. These dermal lesions can manifest as papules,
macules, plaques, or nodules. The pathology appears to be
repeated episodes of exposure to cold (but nonfreezing)
temperature, occurring in the face, anterior tibial surface,
and dorsum of the hands and feet, or other areas poorly pro-
tected and chronically exposed to cold (81). Ulceration and
hemorrhagic lesions may appear and progress to scarring
fibrosis, and atrophy. Treatment consists of gradually
warming to room temperature, debridement of open or
infected lesions, and slight elevation of the extremity to
promote lymphatic and venous drainage. As with frostbite,
aggressive rubbing and massage is contraindicated due to
the potential for further tissue damage and the possibility
of epithelial breaks leading to infection (77).

Trench Foot or Immersion Foot
Trench foot describes a nonfreezing injury to extremities,
usually the feet, often found in soldiers, sailors, or fisherman
when exposed to chronic wet conditions at temperatures just
above freezing (81). Alternating periods of arterial vasopasm
and transient vasodilation similar to the “hunting reflex”
occurs but in greater severity. Clinically, the affected tissue
first becomes cold, then anesthetic, progressing to hypere-
mia after 24 to 48 hours of exposure. The skin becomes dys-
esthesic with hyperemia and tissue damage apparent in the
form of edema, blistering redness, ecchymosis, and ulcera-
tion. Frequently, these wounds become infected, initially
with cellulitis which can progress to gangrene. Those who
recover often develop a posthyperemic phase continuing
for two to six weeks following the initial exposure character-
ized by tissue cyanosis and complaints of increased sensi-
tivity to cold, similar to Raynaud’s disease. Treatment is
most successful if started prior to the hyperemic phase,
and consists of protection from the cold wet environment
and use of warm dry air. With nonfreezing injuries
such as trench foot, protective measures similar to frostbite
are also required with elevation, minimization of edema, and
protection of pressure injury.

GENERAL CONCEPTS OF HEAT-RELATED INJURY

There are five major causes of clinically significant hyperther-
mia: (i) heat stroke, (ii) MH, (iii) NMS, (iv) drug-induced, and

(v) toxicity and fever from infectious sources. This chapter
focuses on the first four; as the causes of fever are fully
reviewed in Volume 2, Chapter 46. Heat stroke can result
from exposure or from excessive exertion. The two frequently
occurred together in military combat situations and firefigh-
ters and others (i.e., marathon runners under extreme
duress to perform). MH occurs in genetically predisposed
patients when exposed to certain trigger agents. The NMS is
an idiosyncratic reaction resulting from the administration
of drugs that antagonize dopamine 2 (D2) receptors (e.g.,
haldol), or from the abrupt withdrawal of D2 agonist drugs
(e.g., anti-Parkinson agents). Drug-induced hyperthermia
relates to the normal toxic reactions to high levels of certain
drugs, e.g., atropine (as described subsequently).

HEAT STROKE
Overview
As described in the introduction, heat stroke has been
described in numerous military campaigns from antiquity
to present day (82). Despite multiple chronicles of these
events over the years, the relationship between high
ambient temperature, hyperthermia, and the clinical mani-
festations of heat stroke were not well understood until
Malamud, who in 1946, showed that heat stroke leads to
multiple organ damage, hemorrhage and necrosis of the
brain, heart, lung, liver, kidneys, and gut (83). Now, more
than 60 years later, the cascade of events that proceed from
heat exposure to hyperthermia to heat exhaustion or heat
stroke and on to multiple organ dysfunction syndrome
(MODS) and death are just becoming understood (82,84).
Consequently, there has been minimal improvement in the
mortality rate (10–50%) or incidence of permanent neuro-
logic damage (7–14%) despite improvement in the cooling
options for these patients (82,84).

Heat stroke is clinically defined as a core body
temperature �408C and is accompanied by hot, dry skin

and central nervous system abnormalities such as delirium,
seizures, or coma (Table 6) (82,84). Heat stroke can result
from exposure to high environmental temperatures (classic
or nonexertional heat stroke) or from strenuous exercise,
in which case it is called exertional heat stroke. Muscle
rigidity and profuse sweating are generally absent in
classic (nonexertional heat stroke) and clinical signs of
shock with a hemodynamic profile typical of sepsis occurs
in 25% of these patients (82,84).

Causes (Heat Production in Excess of Heat Loss)
Body heat is increased by two different sources: (i) environ-
mental exposure and (ii) endogenous metabolism. The
overall heat load by a body must be dissipated to maintain
an optimal body temperature of 378C. Core temperature
increases of just 0.5 to 18C will trigger the TRSP to increase
the delivery of heated core blood to the body surface. This
response, mediated by the efferent fibers of the autonomic
nervous system, produces cutaneous vasodilatation and
additionally increases the rate of sweating (7,82,84). Vasodi-
lation accelerates heat dissipation by convection and
radiation, and sweat helps dissipate heat by evaporation.
Although these responses depend on the sympathetic
nervous system, humans and other animals can volitionally
assist their thermoregulation by seeking shade, or drinking
cool liquids, etc. Active sympathetic cutaneous vasodilata-
tion can increase blood flow to the skin to as high as
8 L/min (total cardiac output will be higher than normal)
(82,84). The increased skin temperature also induces
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sweating. If the air around the body is dry, sweat will
vaporize and cool the body surface with 1.7 mL of sweat
consuming 1 kcal of heat energy. At maximal efficiency in
a dry environment, this can dissipate approximately
600 kcal/hr in an adult with a normal body surface area
of 1.8 m2 (84).

Hyperthermia also results as a normal physiologic
response to intense exercise. At maximum levels, muscles
can increase their energy consumption 20-fold; however,
because the body’s ability to convert energy into mechanical
work is only about 25% efficient, most of the energy is con-
verted into heat, which is transferred from muscle to blood
raising core temperature (84). At maximal exertion, the
capacity of heat dissipation mechanisms can be over-
whelmed even in young, healthy adults. Ability to transfer
heat from sweating is limited by ambient temperature and
humidity as well as volume and salt depletion, which
often follows severe exertion in tropical climates.

Exertional heat stroke is an extreme form of exertional
hyperthermia in which muscular exertion occurs in hot,
humid weather. This leads to excessive storage of heat
due to the inability of dispensatory mechanisms to offload
the excessive heat production. Predisposing factors include
lack of acclimation, poor cardiovascular conditioning, dehy-
dration, and wearing of heavy clothing, or loads leading to
excessive exertion (84). The American College of Sports
Medicine recommends canceling competitive events when
the wet bulb temperature exceeds 208C (85).

Classic heat stroke is more common in sedentary and
elderly people. The underlying defect is not excessive

production, but rather impaired heat dissipation in warm
environments, often associated with anhydrosis where lack
of sweating is observed despite the presence of hyperthermia.
Underlying cardiovascular diseases, obesity, and/or use of
medications such as anticholinergics (impairs sweating) or
diuretics (promotes fluid loss) can also exacerbate the problem.

Drug or alcohol intoxication, as well as CNS injuries
can impair perception of changes in the body or environ-
mental temperatures. A diminished cardiac reserve can
also decrease the body’s ability to respond to volume and
temperature changes. Prescription medications, such as
beta-blockers, diuretics, anticholinergics, and tranquilizers,
can exacerbate baseline physical inadequacies (84).

Pathophysiology and Effects on Organs
Clinical features of both forms of heat stroke include a core
body temperature �408C, neurologic changes, including
delirium, coma, hypotension, tachycardia, and hyperventila-
tion. Laboratory data include hemoconcentration, proteinuria,
microscopic hematuria, and abnormal liver functions. Muscle
enzyme levels may be elevated. As a rule, respiratory alkalosis
and hypercalcemia occur early in the course, whereas lactic
acidosis and hyperkalemia occur later (82,84).

Neurologic
The brain and CNS are most sensitive to the effects of
hyperpyrexia. Widespread direct brain cell death can be
seen, especially with the Purkinje cells of the cerebellum
being frequently effected (86). Secondary cerebral edema
as well as multiple small hemorrhages can be seen. Survi-
vors of severe heat stroke syndrome often have signs of
residual cerebellar dysfunction based on these toxic
effects. Clinically, the patient demonstrates a diminished
level of consciousness and (less frequently) can present
with seizure activity.

Cardiopulmonary
Effects on the cardiac system include direct myocardial
damage or infarction, particularly in patients with exertional
or classic heat stroke. These are related to the direct toxic
effects of heat on myocytes and the associated coronary
artery hypoperfusion (often exacerbated by hypovolemia).
These effects are also seen even in patients without significant
coronary artery disease (84). Patients with pre-existing,
depressed myocardial function often present with hypoten-
sion as an important initial clinical finding. Peripheral
dilation secondary to the effects of heat also lead to high
output cardiac failure in those who can mount the response.
Tachydysrhythmias, especially those of ventricular origin,
may be life-threatening. The ECG abnormalities include
sinus tachycardia and QT prolongation, followed by nonspe-
cific T wave changes and ST segment changes consistent with
ischemia (84).

Gastrointestinal ^Splanchnic
Liver damage may also occur and hypoglycemia should be
monitored in hepatically injured patients (84). From an
endocrine and metabolic standpoint, respiratory alkalosis
with metabolic acidosis is the hallmark of this base disorder
with frequently associated hypoxia. Laboratory data must
correct for the increased temperature to prevent false
results of hypoxia related merely to the temperature differ-
ential. Hyperglycemia and hyperphosphatemia often occur
and creatine kinase is often elevated, even in the absence

Table 6 Forms of Heat-Related Illness

Hyperthermia A rise in body temperature above the

hypothalamic setpoint when

heat-dissipating mechanisms are

impaired by drugs or disease or

overwhelmed by external

(environmental or induced) or internal

(metabolic) heat

Heat stress Perceived discomfort and physiological

strain associated with exposure to a hot

environment, especially during physical

work

Heat exhaustion Mild to moderate illness due to water or salt

depletion that results from exposure to

high environmental heat or strenuous

physical exercise; signs and symptoms

include intense thirst, weakness,

discomfort, anxiety, dizziness, fainting,

and headache; core temperature may be

normal, below normal, or slightly

elevated (.378C but ,408C)

Heat stroke Severe illness characterized by a core

temperature .408C and central nervous

system abnormalities such as delirium,

convulsions, or coma resulting from

exposure to environmental heat (classic

heat stroke) or strenuous physical

exercise (exertional heat stroke)

Multiorgan

dysfunction

syndrome

Continuum of changes that occur in more

than one organ system after an insult

such as trauma, sepsis, or heat stroke

Source: From Ref. 84.
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of rhabdomyolysis. In those with exertional heat stroke,
rhabdomyolysis, hyperkalemia, hyperphosphatemia, and
renal failure predominate. Hematologic findings include leu-
kocytosis, normal hematocrit values (in those who were ade-
quately resuscitated) versus hemoconcentration in those with
acute dehydration from the syndrome, and a normal to low
platelet count, especially in the presence of disseminated
intravascular coagulation (DIC). The increased levels of circu-
lating inflammatory mediators (cytokines, interleukins, and
nitric oxide) can alter the TRSP, decrease vascular tone, and
increase permeability of the intestinal barrier (82,84).

Electrolyte and acid–base imbalances are common.
Wide fluctuations in serum potassium occur, especially
with renal failure. Respiratory alkalosis is present in most
patients. Profound metabolic acidosis is the end product of
all heat stroke syndromes.

RenalçFluids and Electrolytes
Hyperthermic injuries often lead to renal damage. The etiol-
ogy is multifactorial; however it is far more common in those
patients suffering from exertional heat stroke at rates of 30%
to 35% (84). Dehydration, renal hypoperfusion, and rhabdo-
myolysis appear to be the major causative factors. Elevated
uric acid levels may also develop as a result of strenuous
muscular exercise. Additional toxins may also exacerbate
renal insufficiency as does decreasing GFR and RBF due to
the secondary systemic effects of the heat injury.

Musculoskeletal System
Rhabdomyolysis is common in patients with exertional heat
stroke and may be quite severe (87). Secondary hyperkale-
mia can pose an immediate threat secondary to dysrhyth-
mias as can be seen with severe hypocalcemia. Treatment
for hyperkalemia including calcium administration (to
stabilize the membrane), and potassium lowering treatments
(hyperventilation, sodium bicarbonate, glucose and insulin,
and b-agonist drugs) should commence immediately.

Exogenous calcium should always be considered as
first-line treatment of dangerous hyperkalemia; the theoreti-

cal concern that calcium might worsen rhabdomyolysis
should never be used as a reason to omit this potentially
life-saving treatment.

Hematological System
Hematologically, patients often present with elevated hem-
atocrit (hemoconcentration). The presence of DIC portends
a grim prognosis (88). The DIC represents the most
common cause of death in heat stroke. Here, endothelial
damage leads to the release of cytokines and tissue factor
(Fig. 12). The DIC can manifest as an asymptomatic labora-
tory finding to full-blown coagulopathy and severe clinical
bleeding. Coagulation factors and plasminogen are often
normal, suggesting this may be a qualitative effect of the
heat as well as an additional enhancement in fibrinolytic
activity. Direct heat activation of platelets may also play a
role in triggering DIC in patients with heat stroke. Patients
with DIC are more likely to develop Adult Respiratory Dis-
tress Syndrome, and MODS, which significantly affects mor-
tality (89). In one study, this association was greater than
90% and patients with both these findings had a mortality
of 75% (84).

Treatment
The treatment of heat stroke consists of cooling and suppor-
tive care. Survival is inversely related to the intensity and

duration of hyperpyrexia. In many patients, effective lower-
ing of the core body temperature requires only external
cooling devices (90).

Initial therapy for heat stroke includes tracheal
intubation, mechanical ventilation, the administration of
sedatives (decrease BMR and promote vasodilation), and

active cooling measures (Table 7). Sedation alone may
not prevent shivering, in which case an NMB drug may
be added. Seizures are common in heat stroke victims and
should be treated with IV benzodiazepines (e.g., lorazepam
or midazolam infusion). Early benzodiazepine therapy can
obviate this complication (84).

Cooling therapies include immersion in ice water
bath (conduction) or heat dissipation by convection and
evaporation by spraying water or alcohol on the patient
and using a fan to promote heat loss (Table 8). In

rare cases, gastric or peritoneal lavage with ice water has
been used for refractory temperature elevation, but in
the majority of cases of heat stroke, the main problem is
dissipation.

Core temperature monitoring is necessary in these
cases. Dantrolene, the treatment for MH, is also useful in
NMS, but has not been found to be useful in humans in
pure heat stroke (84). Intravascular volume repletion is
nearly always required and is titrated based on the level of
patient dehydration. In patients with pre-existing cardiac
disease, specific cardiovascular support may be required.
In the setting of hypotension, inadequate perfusion pressure
decreases the circulation of warm core blood to the periph-
ery, which is required for external cooling. Once the intravas-
cular volume is adequate, dobutamine can be considered in
patients with diminished cardiac output.

In cases where volume status and cardiac function
are uncertain, a transesophageal echo or Swan-Ganz catheter
monitor is indicated. In patients with oliguria despite
adequate intravascular volume, early dialysis techniques
may improve outcome by removal of toxins. For
example, early removal of myoglobin may prevent renal tox-
icity, whereas removal of potassium in patients with exer-
tional heat injury minimizes the risk of hyperkalemia.
Calcium chloride or calcium gluconate should be given
emergently to those patients with hyperkalemia manifesting
ECG changes in conjunction with specific potassium-
lowering therapies (e.g., glucose and insulin, hyperventila-
tion, HCO3

2, b-agonists) until dialysis techniques are
available (84).

Coagulation disorders are relatively common in heat
stroke victims, and there is direct heat-related cytokine-
mediated trigger of the coagulation cascade that plays a
role in the pathogenesis of classical heat stroke (88). There
is evidence of elevated interleukin 1, 6, interferon, and
tumor necrosis factor (TNF-a) as well as heat shock protein
activation. These mediator changes were seen in healthy vol-
unteers who were heated to 428C, and subsequently cooled.
In addition, the D-dimer and Factor VIII concentrations are
elevated and endothelin and intracellular adhesion molecule
1 are released in higher quantities, and have been shown to
injure endothelial cells (84,88). Continuous infusion of
heparin has been of some benefit in those patients with
severe heat stroke mediated DIC in the absence of other
trauma (84,85).

The mortality rate of heat stroke, despite modern
therapies, remains high (up to 10%) even with vigorous
treatment. Terminal events include shock, dysrhythmias
(especially ventricular), myocardial ischemia, renal failure,
and neurologic dysfunction (82,84).
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MALIGNANT HYPERTHERMIA

MH is a life-threatening pharmacogenetic disorder result-

ing from exposure of a susceptible patient to a trigger agent,
and is characterized by rapidly increasing fever (as much as
18C every five minutes), extreme acidosis, CO2 production,
and muscle rigidity (91). The most common triggering
drugs are the inhaled anesthetic vapors of halothane,
enflurane, isoflurane, desflurane, and sevoflurane (91).
However, the depolarizing NMB drug succinylcholine can

also trigger MH by itself or in combination with the volatile
anesthetics listed above (91).

Pathophysiology
The fundamental defect responsible for MH is the inability
of muscle to adequately regulate its myoplasmic calcium
concentration. Genetic studies have shown that the ryano-
dine receptor 1 (RYR1, Ca2þ channel of skeletal muscle) on
chromosome 19q13.1 is the primary genetic locus for suscep-
tibility to MH (Fig. 13) (92–95). This is linked to central core

Figure 12 Possible pathophysiological mechanisms of heat stroke. Hyperthermia due to passive heat exposure or to exercise

may facilitate the leakage of endotoxin from the intestine to the systemic circulation as well as the movement of interleukin-1 or

interleukin-6 proteins from the muscles to the systemic circulation. The result is excessive activation of leukocytes and endothelial

cells, manifested by the release of proinflammatory and antiinflammatory cytokines (e.g., TNF-a, interleukin-1, interleukin-6, and

interleukin-10), upregulation of cell-surface adhesion molecules, and shedding of soluble cell-surface adhesion molecules [e.g.,

E-selectin, L-selectin, and intercellular adhesion molecule 1 (ICAM-1)] as well as activation of coagulation (with decreased levels of

proteins C and S and antithrombin III) and inhibition of fibrinolysis. The inflammatory and coagulation responses to heat stroke,

together with direct cytotoxic effects of heat result in injury to the vascular endothelium and microthrombosis. The solid arrows

indicate pathways for which there is clinical or experimental evidence, and the broken arrows indicate putative pathways. Source: From

Ref. 84.
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disease, a congenital myopathy of various presentations that
predisposes to MH (91).

Diagnosis
Extremely progressive fever (as much as 18C every five
minutes to levels as high as 458C), elevated CO2 production,
rigidity, and elevated CKs can be seen in a patient who has
been exposed to a triggering agent, especially halogenated
anesthetics and depolarizing NMB drugs (91). The MH
is classically initiated shortly following administration of
the trigger agent. However, with current inhalation anes-
thetics, the onset can be insidious, with recognition not
occurring until an hour or more has elapsed with an other-

wise uncomplicated anesthetic (96). Laboratory findings
include hypoxia, hypercarbia, hyperlactemia, hyperkalemia,
rhabdomyolysis, and DIC.

Treatment
Treatment consists of discontinuing the trigger agent, increas-
ing minute ventilation (CO2 production is extremely high),
administering 100% oxygen, and IV dantrolene, 2 mg/kg,
given every five minutes (total dose of 10 mg/kg). Specific
cooling measures are initiated. Severe hyperthermia may
require immersion in an ice water bath. Nontriggering seda-
tives (e.g., benzodiazepines or propofol) are given to decrease
metabolic rate and to allow the patient to tolerate therapy.
Sodium bicarbonate, 2 to 4 mg/kg, is given. Additional

Table 7 Management of Heat Stroke

Condition Intervention Goal

Prehospital

heat stress (due to heat

wave, summer heat, or

strenuous exercise), with

changes in mental status

(anxiety, delirium,

seizures, or coma)

Measure the patient’s core temperature (tympanic

membrane or rectal)

If the core temperature is .408C, move the patient

to a cooler place, and transport to trauma center;

initiate external cooling

Position an unconscious patient on left side and clear

the airway, intubate if able

Administer O2 at 4 L/min

Give isotonic crystalloid (normal saline)

Diagnose heat stroke

Lower the core temperature to ,39.48C, promote

cooling by conduction, and evaporation

Minimize the risk of aspiration

SpO2 . 90%

Volume expansion

TRS/SICU ABCDEs as per ATLSw Primary survey

Respiratory failure Consider elective intubation (for impaired gag and

cough reflexes or deterioration of respiratory

function); continue O2

Protect airway and augment oxygenation

(SpO2 . 90%)

Hypotension Administer fluids for volume expansion, consider

vasopressors, and consider monitoring CVP

Increase MAP .60 mmHg and restore organ

perfusion and tissue oxygenation

Risk of hyperthermia Use thermometer calibrated to measure high temp-

eratures (40–478C)

Confirm diagnosis

Hyperthermia present Cool core temperature ,39.48C and skin tempera-

ture 30–338C
Minimize brain injury

Seizures Give benzodiazepines Control seizures

Rhabdomyolysis Expand volume with normal saline and administer

IV mannitol and sodium bicarbonate. Furosamide

can be added after volume resuscitation achieved

Prevent myoglobin-induced renal injury; promote

RBF, diuresis, and alkalization of urine

Monitor serum potassium and calcium levels and

treat hyperkalemia

Prevent life-threatening cardiac dysrhythmia

Multiorgan dysfunction Supportive therapy, monitor organ function Recovery of organ function

Abbreviations: ABCDEs, airway, breathing, circulation, disability, exposure; ATLSw, Advanced Trauma Life Supportw; CVP, central venous pressure; IV,

intravenous; MAP, mean arterial pressure; RBF, renal blood flow; SICU, surgical intensive care unit; SpO2, arterial saturation of O2 (SaO2) measured by

pulse oximetry; TRS, trauma resuscitation suite.

Source: From Ref. 84.

Table 8 Methods of Cooling

Techniques based on conductive cooling

Externala

Cold-water immersion

Application of cold packs or ice slush over part of the body or

the whole body

Use of cooling blankets

Internalb

Iced gastric lavage

Iced peritoneal lavage

Endovascular cooling methods

Techniques based on evaporative or convective cooling

Fanning the undressed patient at room temperature (20–228C)

Wetting the body surface during continuous fanningc

Use of a body-cooling unitd

aBecause external cooling results in cutaneous vasoconstriction, vigorous

massaging of the skin is recommended.
bInternal cooling, which has been investigated in animals, is infrequently

used in humans. Gastric or peritoneal lavage with ice water may cause

water intoxication (cold saline may be better).
cThe skin is covered with a fine gauze sheet that has been soaked in water at

208C while the patient is fanned. The fanning is reduced or stopped if the

skin temperature drops to ,308C.
dA body-cooling unit is a special bed that sprays atomized water at 158C
and warm air at 458C over the whole body surface to keep the temperature

of the wet skin between 32 and 338C.

Source: From Ref. 84.
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doses are generally required. Minute ventilation may need to
be further increased to excrete excessive CO2 produced from
the hypermetabolic state, as well as to compensate for
additional CO2 released by the sodium bicarbonate.

Confirmation of Genetic Susceptibility to MH
The in vitro contracture test and the caffeine-halothane con-
tracture test have been developed and standardized by
European and North American MH study groups (91).
However, both these tests require an invasive surgical
biopsy (usually of quadriceps muscle) and assay at special-
ized centers. Because of the newly recognized mutation
location, buccal swabs (to collect genetic material) followed
by processing and polymerase chain reactions to amplify
the DNA sample may soon provide a noninvasive capability
to detect MH susceptibility (93–95).

NEUROLEPTIC MALIGNANT SYNDROME

The NMS is a life-threatening, idiosyncratic reaction to a
neuroleptic medication or abrupt withdrawal of D2 agonists
(as is used in Parkinson’s treatment). The syndrome is
characterized by fever, muscular rigidity, altered mental
status, and autonomic dysfunction (97–99).

The NMS is uncommon, occurring in approximately
0.2% of patients who receive neuroleptic agents. Haloperidol
is the most frequently reported trigger drug, but

phenothiazines, butyrophenones, and thioxanthes have
also been implicated as withdrawal of dopamine agonists
(97–99).

Clinical Presentation
Symptoms of NMS include high fever, mental status
changes, profuse diaphoresis, unstable blood pressure,
stupor, muscular rigidity, and autonomic dysfunction. This
syndrome usually develops within the first two weeks of
treatment with the drug; however, it may develop at any
time during therapy. The syndrome can also occur following
abrupt discontinuation of dopaminergic anti-Parkinsonism
drugs (97–99).

CommonTrigger Agents
Although potent neuroleptics [e.g., haloperidol (Haldolw)

and fluphenazine (Prolixinw)] are the most frequent triggers
of NMS, all antipsychotic agents have been associated,
including prochlorperazine (Compazinew), promethazine

(Phenerganw), clozapine (Clozarilw), and risperidone
(Risperdalw). The NMS has also been associated with
nonneuroleptic agents that block central dopamine path-
ways, for example, metoclopramide (Reglanw), amoxapine
(Ascendinw), and lithium (97–99).

Pathophysiology
All medications implicated in NMS have D2-receptor antag-
onist properties (or are drugs with D2 agonist effects that
are abruptly withdrawn). Thus, decreased dopamine activity
in the CNS, either from blockade of dopamine D2-receptors or
decreased availability of dopamine, are responsible. The
NMS shares some similar characteristics with MH and
the serotonin syndrome (Table 9). Blockade of dopamine
neurotransmission in the nigrostriatum and hypothalamus
results in muscular rigidity and altered thermoregulation,
respectively. There is evidence that sympathetic nervous
system activation or dysfunction also contributes to the
pathogenesis of NMS (97–99).

The NMS is probably triggered by blockage of the dopa-
minergic receptors in the corpus striatum resulting in tetany/
spasm of the skeletal muscle creating excessive heat and
impaired hypothalamic thermoregulation with inadequate
heat dissipation (97–99). Some believe that neuroleptics are
directly toxic to muscle tissue. Although both mechanisms
occur, the causal factors remain somewhat elusive, with auto-
nomic dysregulation in genetically susceptible patients as the
leading hypothesis (97–99).

Differential Diagnosis
Diagnosis of NMS is based on the appropriate clinical spec-
trum occurring in a patient on neuroleptic agents. Patients
are hyperthermic, with muscle rigidity, altered level of con-
sciousness, autonomic dysfunction including labile blood
pressure, tachydysrhythmias, sweating, dysphagia, and
incontinence as well as other extrapyramidal symptoms
(97–99). There are no confirmatory tests; even CKs are unre-
liable with studies describing as few as 50% of patients
having elevated levels (97–99). Accordingly, although
NMS has been reported in trauma patients, other more
common diagnoses should be investigated prior to initiating
treatment (beyond withdrawal of suspected trigger drug,
and supportive care) (100–101).

Figure 13 Schematic diagram of the homotetrameric

ryanodine receptor, the calcium release channel situated in the

membrane of the sercoplasmic reticulum (SR). The cytosolic part

of the protein complex, the so called foot, bridges the gap

between the transverse tubular system (TTS) and the SR.

Mutations have been described for the skeletal muscle ryanodine

receptor (RYR1) that cause susceptibility to malignant

hyperthermia and central core disease. Conventional one-letter

abbreviations are used for the replaced amino acids whose pos-

itions in the human channel are given by the respective numbers.

Source: From Ref. 92.
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Treatment
Initial treatment of the NMS consists of early recognition,

withdrawal of trigger agent, supportive care, and consider-
ation of specific therapy. In uncontrolled trials, dantro-
lene sodium and bromocriptine mesylate (a D2 agonist)
have been reported to decrease mortality to 11% and 8%,
respectively (97–99). After initiation of supportive measures,
including the administration of 100% O2, benzodiazepines or
propofol may be used to control the patient (as all neurolep-
tics should be held) and allow treatment to proceed. Physical
restraints may also be temporarily required. intravascular
volume (which is invariably decreased) is repleted with IV
fluids, and active cooling measures are initiated (as needed).

If the NMS was triggered by neuroleptic-mediated D2

blockade, then bromocriptine (reverses the dopamine
D2-receptor blockade produced by neuroleptics) should be
administered. If the NMS event was caused by abrupt with-
drawal of anti-Parkinson drugs [e.g., Levodopa and carbi-
dopa (Sinemet)], these drugs should be administered to the
patient. If symptoms are severe, dantrolene (inhibits ionized
calcium release from muscle sarcoplasmic reticulum) can be
used to help decrease symptoms and temperature by direct
muscle relaxation. If rhabdomyolysis occurs, maintenance
of vigorous hydration is indicated, and consideration
should be given to alkalinizing the urine (which may be
helpful, but is controversial). In addition, CVVHD may be
required if renal failure occurs.

SEROTONIN SYNDROME

Serotonin syndrome results when excessive serotonin (5HT1a)
receptor stimulation triggers an idiosyncratic response. Seroto-
nin syndrome presents similarly to NMS with symptoms
including altered mental status, autonomic instability and
altered muscular tone (102). However, serotonin syndrome
can be distinguished from NMS by virtue of drugs involved,
and the time frame from exposure to initiation of this disorder.
Serotonin syndrome occurs rapidly (1–2 hours) after exposure
to serotoninergic drugs or drugs capable of serotoninergic
effects.

Common examples include monoamineoxidase inhib-
itors (MAOIs), selective serotonin reuptake inhibitors
(SSRIs), tricyclic antidepressants (TCAs), other antidepress-
ants, meperidine, lithium, and dextromethorphan. Serotonin
syndrome also usually resolves more quickly, typically
within 24 to 48 hours after discontinuation of the offending
agent. However, if left unchecked, hematological and meta-
bolic derangements such as rhabdomyolysis and renal
failure can occur (as with MH and NMS). Symptom treat-
ment is similar including supportive care, cooling, and seda-
tion. Some have found success using serotonin antagonists
including cyproheptadine, for less severely affected
individuals.

OTHER DRUGS ASSOCIATEDWITH HEAT-RELATED INJURY

Strictly speaking, MH, NMS, and serotonin syndrome are
drug-induced causes of hyperthermia. However, in
general usages, these entities are usually considered separ-
ately (as has been done in this chapter). Drugs with antido-
paminergic properties and those capable of stimulating
serotonin release can be responsible for hyperthermia syn-
dromes such as NMS and serotonin syndrome (Table 10).

Dopamine and serotonin are important neurotransmitters
in temperature regulation and it is likely that these reac-
tions result from drug-induced changes in neurotransmitter
levels (103,104). Other drugs, including anticholinergics
(i.e., atropine) amphetamines, cocaine, ecstasy, lysergic
acid diethylamide (LSD), MAOIs, TCAs, can all cause
hyperthermia when used in large quantities, and can
exacerbate heat exhaustion. In addition, alcohol intoxication
can lend to hyperthermia if inebriation causes prolonged
exposure and dehydration.

EYE TOTHE FUTURE
Hypothermia
As briefly mentioned earlier in the chapter, the value of
mild hypothermia in the treatment of TBI is an idea
which continues to be attractive despite the fact that in a
large, multicenter trial by Clifton et al. was unable to
show a difference in outcome between hypothermic and
normothermic brain injured patients. Yet, Zhi et al. (62),
in the most recent PRCT showed improvement with mild
hypothermia. Accordingly, additional trials are warranted.
Investigators will want to initiate hypothermia early, and
continue therapy long enough to impact the secondary
edema effects related to increased ICP often occurring
beyond the initial 48 hours (62). The benefits of mild sys-
temic cooling (so as to minimally impact immunological
function) may yet be seen in isolated TBI patients if cold
can be applied earlier (61), and more preferentially to the
brain (105).

Recent animal studies have shown improved out-
comes following a hypovolemic shock and splenectomy
model. However, these studies do not truly mimic blunt
trauma where multiple sites of contusion and bleeding
may be present (106). A more radical concept is the use of
total body hypothermia and “suspended animation” for
trauma patients arriving in extremis. While only in early
development, the concept consists of immediate placement

Table 10 Drugs and Toxins that Predispose to Hyperthermia

Impaired cutaneous heat

loss

Vasoconstriction (sympathomimetic

agents) amphetamine/metamphe-

tamine, theophylline, phenycli-

dine, cocaine, ephedrine,

phenylpropanolamine, pseudoe-

phedrineb.

Sweat gland dysfunction (anticholi-

nergic effects) antihistamines, tri-

cyclics antidepressants,

phenothiazines, scopolamine,

amantadine, and other

anticholinergics

Myocardial depression Antidysrhythmic agents, beta adre-

nergic antagonists, calcium chan-

nel antagonists

Uncoupling of oxidative

phosphorylation

Pentachlorophenol, dinitrophenol,

salicylates

Increased muscle activity Caffeine, isoniazid, lithium, MAO

inhibitors, PCP, strychnine,

sympathomimetic agents

Abbreviations: MAO; monoamine oxidase; PCP, phencyclidine.
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of IV canulae with cardiac bypass with systemic hypother-
mia and arrest. The injuries would be repaired while the
patient is in “suspended animation.” This would allow
repair in a bloodless field, or even organ removal, repair,
and replacement. However, in the setting of blunt trauma
with multiple bleeding sites, this concept is currently not
workable.

Hyperthermia
The bulk of research efforts on hyperthermia focus on rapid
cooling methods and control of deadly sequelae (i.e., DIC,
rhabdomyolysis, and brain injury). Newer methods of
systemic cooling are also under investigation. In addition,
preventative strategies must include public awareness
about the needs for proper hydration, shade, and clothing
when engaging in outdoor activities in hot environments.
Another area requiring education is the green house effect
of automobile windows, which can lead to hyperthermia
and brain death in small children and animals left unat-
tended in a hot vehicle.

SUMMARY

Both hypothermia and heat-related illness are conditions
causing increased mortality and morbidity in trauma
patients. Both young children and the elderly are most sus-
ceptible to the environmental extremes of hot and cold.
However, all humans are susceptible to these conditions
when exposed to harsh environments for too long. Beyond
normal heat production and loss, thermoregulatory mechan-
isms generally are capable of maintaining core temperature
within 0.58C of the TRSP. Although extreme environmental
and thermal conditions can overwhelm these systems,
when the TRSP is altered due to alcohol, drugs, or CNS
injury, both hypothermia and hyperthermia can result.

Hypothermia is associated with markedly increased
mortality in trauma patients. Numerous organ system dys-
functions are involved in the pathophysiology; chief of
which are the coagulopathy, immune dysfunction, and
impaired cardiopulmonary and metabolic functions.
Numerous rewarming techniques are reviewed in this
chapter, and the severity of symptoms determines the
aggressiveness and invasiveness of the management strat-
egy chosen.

In contrast, therapeutic hypothermia has been found to
be beneficial in several conditions affecting the brain and the
heart. Ongoing research will further clarify these areas in the
next decade. Concerning the specific tissue-related effects of
direct cold injury (frostbite and nonfreezing injuries), man-
agement is similar to burn wound treatment (Volume 1,
Chapter 34), and outcomes are best when initial tissue
trauma is minimized by prevention, and secondary injuries
(progressive necrosis and infection) are managed aggres-
sively.

Heat-related injuries consist of heat stroke, MH, NMS,
serotonin syndrome, and other causes of drug-related
hyperthermia. Although the underlying pathophysiology
of these various entities is different, the sequelae are
similar with injury occurring to the CNS, myocardium,
and kidneys prevalent, as well as the secondary effects
from DIC and thrombotic complications to the microcircula-
tion of all organ systems. The diagnosis, management con-
siderations, and preventative strategies for these entities
have been stressed throughout this chapter.

KEY POINTS

Excessive cold and heat conditions have both been
recognized throughout recorded history as significant
factors in the pathogenesis of trauma-related injury.
Worldwide, the most common cause of heat stroke in
young, otherwise healthy patients is excessive physical
exertion in hostile conditions.
When patients are intoxicated or anesthetized, periph-
eral dilatation occurs at core temperatures normally
promoting vasoconstriction (7).
In trauma patients, IV solutions often cool (but can also
warm) patients by convection. Similarly, heating pads
can circulate warm water to heat the patient also
through this thermal mechanism.
When core body temperature is too high, the cutaneous
blood vessels will normally dilate, increasing blood
flow by as much as 150 times the basal rate, to acceler-
ate heat loss.
Normal thermal regulation is altered by alcohol,
sedatives, analgesics, general anesthetics, and CNS
injury.
Hypothermia causes increased solubility of gases
including oxygen (O2) and carbon dioxide (CO2), and
also of numerous drugs including inhaled vapors
(e.g., isoflurane) (7,9,10).
Despite the neuroprotective effects of moderate
hypothermia, severe hypothermia (core temperature
of �32.58C) is’detrimental in major trauma and directly
contributes to mortality (15).
Moderate hypothermia, 34.98C to 32.58C, is commonly
encountered during massive resuscitation efforts of
trauma patients.
The thermal conductivity of water is 32 times greater
than air; thus, cold-water immersion results in more
rapid heat loss, and core temperature cooling greater
than results from heat transfer through the air alone.
Trauma-associated hypothermia increases morbidity
because of: coagulopathy (exacerbated by metabolic
acidosis), impaired cardiorespiratory function, periph-
eral vasoconstriction, diminished hepatorenal function,
and altered immune function (7).
The clinical diagnosis of brain death cannot be made in
the hypothermic patient. Efforts to restore core temp-
erature to normal must be made before brain death
can be declared.
At temperatures less than 308C, it is best to minimize loud
noise or rough handling of the patient, because minor
catecholamine surges can trigger a lethal dysrhythmia.
In trauma patients, hypothermia can contribute to coagu-
lopathy at temperatures .34.58C because other factors
(e.g., acidosis, blood loss, hemodilution, and release of
tissue thromboplastin) also contribute to coagulopathy.
Many variables contribute to accidental hypothermia in
the field such as exposure, extremes of age, health,
nutrition, medications, and intoxicants (43).
Endotracheal intubation should be performed to
provide effective ventilation with warm, humidified
oxygen and to prevent aspiration in unconscious
hypothermic patients.
Regardless of warming technique utilized, it is impor-
tant to continuously monitor core temperature to evalu-
ate efficacy of rewarming, and to be on the alert for
“after drop” (46,47).
As the majority of heat loss occurs through the skin
surface, creating a 438C microenvironment around the
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patient effectively stops external heat loss (26), although
core temperature can still decrease.
Core temperatures of less than 308C are best warmed
using CPB.
Abundant experimental animal data have shown that
moderate hypothermia can improve neurological
outcome in both trauma and focal and global ischemic
insults.
The full extent and severity of frostbite is often not
known until the patient has been rewarmed and has
had several days to demarcate.
After rewarming a frostbite injury, the skin should be
gently cleansed, air-dried, and placed in position to
prevent any pressure or weight bearing to the involved
extremity.
With nonfreezing injuries such as trench foot, protective
measures similar to frostbite are also required with
elevation, minimization of edema, and protection of
pressure injury.
Heat stroke is clinically defined as a core body tempera-
ture �408C and is accompanied by hot, dry skin and
central nervous system abnormalities such as delirium,
seizures, or coma (Table 6) (82,84).
Exogenous calcium should always be considered as first-
line treatment of dangerous hyperkalemia; the theoreti-
cal concern that calcium might worsen rhabdomyolysis
should never be used as a reason to omit this potentially
life-saving treatment.
Initial therapy for heat stroke includes tracheal intuba-
tion, mechanical ventilation, the administration of seda-
tives (decrease BMR and promote vasodilation), and
active cooling measures.
In rare cases, gastric or peritoneal lavage with ice water
has been used for refractory temperature elevation, but
in the majority of cases of heat stroke, the main problem
is dissipation.
MH is a life-threatening pharmacogenetic disorder
resulting from exposure of a susceptible patient to a
trigger agent, and is characterized by rapidly increasing
fever (as much as 18C every five minutes), extreme
acidosis, CO2 production, and muscle rigidity (91).
The MH is classically initiated shortly following adminis-
tration of the trigger agent. However, with current
inhalation anesthetics, the onset can be insidious, with
recognition not occurring until an hour or more has
elapsed with an otherwise uncomplicated anesthetic (96).
Although potent neuroleptics [e.g., haloperidol
(Haldolw) and fluphenazine (Prolixin w)] are the most
frequent triggers of NMS, all antipsychotic agents
have been associated, including prochlorperazine
(Compazinew), promethazine (Phenerganw), clozapine
(Clozarilw), and risperidone (Risperdalw).
Initial treatment of the NMS consists of early recog-
nition, withdrawal of trigger agent, supportive care,
and consideration of specific therapy.
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INTRODUCTION

The term “pitfall” refers to a concealed danger or trap to an
unsuspecting person. In the context of this chapter, it refers
to situations encountered in the management of trauma
that may result in the clinician being misled or rendered
unaware, resulting in errors and adverse outcomes. Any
discussion of clinical management pitfalls is, almost by defi-
nition, a discussion of potential human errors as well
as associated latent failures in a system of care. While the
focus of this chapter is on individual decision making and
potential practitioner-based errors, practitioners are increas-
ingly being viewed as one element in a complex system of
care. Practitioner errors in this context are increasingly
being viewed more as manifestations of system-based
failures (inadequate training, insufficient back-up, hard-
to-use equipment, fatigue, etc.) than as avoidable lapses in
expected human behavior.

The following sections provide a brief overview of the
nature of pitfalls and their relationship to human errors and
weaknesses (latent failures) in a system of care, followed by
a review of selected pitfalls that may occur in various phases
of trauma care. These discussions are not meant to be com-
prehensive, but to highlight a number of the more important,
higher impact errors that may occur in the setting of limited
experience and/or ongoing exposure to major trauma. A
comprehensive review of human factors and system errors
is provided in Volume 1, Chapter 6 (“Trauma Team Perform-
ance”). This chapter focuses upon the most common and
important pitfalls of trauma management in the emergency
department, the operating room (OR), the intensive care
unit (ICU), and during the rehabilitation period.

HUMAN ERROR AND LATENT SYSTEM FAILURES
Thought Process Errors
A clinical pitfall is defined here as a recognized situation
encountered in the course of treating patients that creates a
predictable vulnerability to human error. The key terms
are “recognized” and “predictable” which point out that
pitfalls are recurrently encountered and the erroneous
decision-making that occurs in response to these traps can
be forecast to some degree. Human error has been a
subject of great interest to cognitive psychologists for years
and more recently has become a focus for the health care
profession (1). Several schemes for human error have been
developed that may be applicable to trauma-based providers
and teams. Helmreich and Foushee (2) have described five
types of errors based on observations conducted in the
airline industry: task execution errors, procedural errors,

communication errors, decision errors, and intentional
noncompliance. In another scheme applicable to emergen-
cies that occur in the trauma environment, Rasmussen and
Jensen (3) described three categories based on cognitive
stage: skill-based (e.g., technical errors), rule-based (e.g.,
deviations from guidelines or established practice patterns),
and knowledge-based errors.

Of all the error-based events occurring in the care of
trauma patients, diagnostic delays and missed injuries are
perhaps the most pervasive and often the most serious.
They often involve either improper selection of information
(knowledge-based errors) or the improper processing of that
information (rule-based errors). Among the more common
general errors made, even by experienced clinicians, are
false attribution, false negative prediction, and false labeling.
The underlying causes for these thought process errors
have their roots in cognitive psychology and are discussed
in detail in more comprehensive analyses of human error
(4–8).

False Attribution
False attribution involves the tendency to incorrectly link a
clinical observation with an erroneous cause. This tendency
also ignores one of the fundamental principles of the
management of traumatic injury: that the index of suspicion,
diagnostics, and initial management should proceed on the
basis of assumed worst-reasonable-case scenario. False attri-
bution (of physical signs or symptoms, lab or X-ray findings,
etc.) may occur for a variety of reasons, but often involves
selectivity in the processing of clinical information. The con-
sequences in a severely injured trauma patient may be
devastating. Examples include: (i) attributing observed
hypotension to a vaso–vagal reaction with the actual cause
being hemorrhage, (ii) attributing the same hypotension to
a malfunctioning automated blood pressure (BP) machine,
(iii) attributing a tender abdomen to the observed abdominal
wall contusion when the actual cause is peritonitis.

False Negative Prediction
This error occurs when a negative predictive power is attrib-
uted incorrectly to a given physical finding, imaging study,
or laboratory value. Examples include: (i) the abdomen is
benign, so intra-abdominal hemorrhage can be effectively
excluded, (ii) the heart rate is normal, therefore the patient
could not be in hemorrhagic shock, (iii) the CT scan is
normal and, despite physical findings, the patient could
not have a serious intra-abdominal injury.

The vast majority of physical findings, laboratory
studies, and even some imaging studies have a sensitivity
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rate that falls well below the 95þ% rate that would provide
for a high degree of negative predicted values.

False Labeling
Diagnostic labeling involves the attachment of a premature
or presumptive diagnosis as a “label” for a patient that the
health care team comes to regard as a definitive diagnosis,
regardless of the absence of more complete data or diagnos-
tic evaluation. It is one of the most tempting and potentially
one of the most dangerous errors made in the assessment of
acutely injured patients. Confirmation bias, the inherent
reluctance to relinquish a current diagnosis despite the
presence of conflicting clinical information, probably plays
a role in its development. Diagnostic labeling often acts to
curtail more complete diagnostic evaluation and/or inter-
vention. The “stab wound to the arm,” for example, is the
patient with an obvious, but clinically insignificant upper
extremity laceration who, as the result of the “label,” has
no further diagnoses considered or work-up performed,
and suffers a delayed diagnosis of a ruptured spleen
despite mild abdominal tenderness. The “labeling” acted
to distract the clinicians from considering the possibility of
blunt as well as penetrating injuries.

Pitfalls as Latent Failures in the System of Care
The very nature of trauma makes it a field particularly
vulnerable to error. Trauma care often demands quick
decisions with very high stakes, against a background of
limited clinical data and intermittent high patient volume
and acuity. The care of the multiply injured patient requires
careful orchestration of many disciplines and reliable com-
munication among the providers. Inherent weaknesses in a
system of trauma care that lie dormant and unexposed for
reasons of inactivity, or low acuity (with failure-insensitive
patient outcomes) may be regarded as latent failures in the
system. Many such latent failures related to equipment or
facility (e.g., poorly maintained equipment, inadequate
blood supply, lack of a back-up OR, etc.) may or may not
be associated with human errors. There are, however, a
number of characteristics in a trauma system that make it
inherently more susceptible to latent system failures and
resultant human errors (Table 1).

Most latent system failures and even human errors do
not result in significant adverse events, either due to failure-
insensitive patient injury or due to other factors that act to
prevent these adverse events. In one model of errors called
the “Swiss cheese” model, layers of safeguards or defenses
are set up, all of which have “holes” or defects in them
(Fig. 1). As hazards occur, adverse events are blocked by
these defense layers. When adverse events do occur, it is as
a result of a confluence of defects (failures) or “holes” in
the cheese layers.

In this context, human errors, to a large degree, may be
considered as the result of failure in the broader system of care
that ideally provides optimal training, education, experience,
and back-up support, avoids stress and fatigue, facilitates
accurate communication, and so on. If pitfalls are recurrent
situations with predictable vulnerability to human error,
then ultimately the avoidance of pitfalls will depend less on
the characteristics of individual practitioners and more on
systematic efforts to provide educational content (such as
this chapter) and ongoing training as well as ensuring
continuous practice-based learning. The old dictum that
good judgment is the result of experience and “experience”
is the result of bad judgment underscores the fact that we
can all learn from each others’ errors and from careful descrip-
tions of these recognized pitfalls (9).

RESUSCITATION PHASE:THE EMERGENCY DEPARTMENT
Failure to Recognize Shock
The initial evaluation and management of the trauma patient
in the emergency department is often dependent upon the
time-pressured coordination of individuals from a variety
of disciplines. Inherent to this practice is the presence of an
array of training biases, personal experiences, and depart-
mental expectations. In such a context, it is not hard to
imagine how controversy can begin to dominate. The poten-
tial degeneration of collegial collaboration is avoided by
solid communication and fixed focus upon the patient.
Avoiding errors in this highly charged environment is also
dependent upon quick and reliable access to fundamental
diagnostic and therapeutic strategies and upon the ability
of the team to recognize more subtle signs of serious injury.

Table 1 Characteristics of a Trauma Care System and Associated Weaknesses (Latent Failures)

Characteristic Latent failure and result

Unpredictable and intermittent high patient volume and acuity Transient staff and resource shortages, system

incapacity! practitioner errors and system failures

Time-sensitive performance of providers and “system” Inadequate response times, untimely communication! delayed

diagnosis and treatment

Long hours, off-hours, fast pace, high-risk patients Stress and fatigue, diminished performance! practitioner errors

Highest risk injuries occurring infrequently in many centers Insufficient provider experience and/or knowledge base,

stress! practitioner errors

Multisystem injuries with “balkanization” of services by specialty Poor communication and fragmentation of care! practitioner

errors

High turnover residency training programs (learning curve

repeated every one to two months)

Insufficient provider experience, inadequate knowledge and

training, inadequate supervision! house staff errors

Large service information management demands (many patients,

many studies, many details)

Incomplete, untimely, or inaccurate communication of

information! practitioner errors

Relatively high frequency of “clinically occult” injuries Potentially high incidence of delayed or missed diagnoses

Constantly changing set of resources: technology, personnel,

staffing levels, facilities, organizations, regulations, and so on

Staff and resource shortages, insufficient provider experience and

knowledge and training! practitioner errors
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Although every individual in the trauma bay has an
appreciation for the importance and critical nature of hemor-
rhagic shock, an early snapshot of normotension may create
the illusion of “stability.” A trauma team may be lulled into
believing that response to volume resuscitation with
elevation of BP, albeit transient, represents the cessation of
hemorrhage, or at least the cessation of shock.

Most providers can recognize “decompensated shock,”
which is often referred to as hemodynamic instability. Class
III hemorrhagic shock, the state in which 30% to 40% of an
individual’s blood volume has been lost, creates a persistent
decrease in systolic BP. At this point, the body’s compensa-
tory mechanisms, including adrenergicaly mediated vaso-
constriction, release of stress hormones, and fluid shifts
into the intravascular space, fail to sustain adequate per-
fusion to vital organs. This is most commonly appreciated
on a clinical level by decreased urine output and changes
in mental status.

Errors most commonly occur when there is some
element of “compensated shock,” a state in which the
patient’s physiologic response is still somewhat effective
and still “transiently” responsive to volume resuscitation.

The saw-tooth BP pattern of recurring normo- and
hypo-tension often reflects ongoing hemorrhage in the
setting of intermittent fluid resuscitation. The saw-
tooth BP pattern occurs on the graphic trend screen of the
monitor and is recorded in the anesthetic record in five-
minute intervals. It results from a patient in hemorrhagic
shock who had received intermittent bolus fluid adminis-
tration (intermittent peaks) while actively hemorrhaging
(subsequent recurrent valleys) (Fig. 2). When encountered,
the trauma team should be made aware that time is
running out for the patient’s ability to compensate with the
ongoing blood loss. When compensation is overwhelmed,
acidosis triggers myocardial compromise, ongoing blood

loss causes coagulopathy, and patients with concomitant
head injury may suffer a significant “second hit” as a
result of an episode of early hypotension.

Two other special circumstances associated with
delayed diagnosis of shock are worth mentioning: “the
talking patient” and a failure to modify the definition of
“normotension” in a trauma setting.

Normal or minimally altered mental status is a
nonspecific indicator of the absence of a shock state.
Indeed, an all too common trap in the initial assessment of
a trauma patient is the misinterpretation of normal mental
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Figure 1 The “Swiss cheese” model for errors. Hazards spun off in a given environment do not produce adverse events unless defects

(failures) in the layers of defenses or safeguards occur in concert with each other (the “holes lining up”).

140

120

100

80

60

40

20

0

= Fluid bolus

Minutes

Sy
st

ol
ic

 B
P

15 30 45 60 75 90 10
5

12
0

13
5

15
0

16
5

Figure 2 Intermittent hypotension in the setting of ongoing

hemorrhage and recurrent volume resuscitation. Despite the

intermittent return of “normal” systolic blood pressure, the patient

remains in a prolonged shock state which if not definitively

corrected, will result in the patient’s demise. Abbreviation: BP,

blood pressure.

Chapter 41: Pitfalls in the Management of the Trauma Patient 823



status as a sign of stability. Particularly in the young adult
population, a patient may be awake and alert with a very
low systolic BP. Low BP in this circumstance may even be
attributed to failure of the cuff device. In fact, an otherwise
healthy patient with an intact mechanism of cerebral auto-
regulation may have the capacity to maintain near normal
cerebral perfusion and normal mental status until they
“crash.” The other danger is to assume that intoxication
or head injury is the sole etiology of combative behavior,
when it may actually be a sign of hemorrhagic shock.

Normotension is a broad, ill-defined word in the
trauma bay. One would anticipate a significant increase in
hormone-stimulated tone and subsequent increase in systolic
BP triggered by the pain and anxiety of a traumatic event. In
the trauma population, therefore, a “perfect” BP of 120/60
may in fact be abnormally low.

Failure to Properly Assess the Abdomen and Pelvis
The abdomen often represents a black box. The abdominal
exam is notoriously unreliable in the trauma patient, but
depending upon the level of stability of the patient, the
correct and reliable diagnostic modality can be obtained.
Errors occur when the abdomen is overlooked altogether.

Failure to appropriately evaluate the abdomen has
been identified as the most common error in trauma
management (10,11). One common pitfall occurs in the
setting of penetrating trauma to another part of the body
or obvious blunt trauma to the head. It is easy to be lulled
into thinking that injury is isolated to another body region
if there are no external signs of trauma on the abdomen.
Unrecognized blunt trauma to the abdomen may lead to
significant hemorrhage in this setting.

It is widely appreciated that pelvic fracture can lead
to major hemorrhage. Errors in management typically
occur in two varieties: delayed recognition or the pursuit
of an incorrect treatment strategy. Helical CT scanning of
the abdomen and pelvis has made possible the recognition
of active extravasation from not only solid organs (liver and
spleen) but from the pelvic vessels as well. Recognition of
pelvic extravasation has been shown to be a reliable predic-
tor of arterial pelvic bleeding and the need for angiographic
embolization (12,13). Delays in diagnosis and treatment of
arterial pelvic bleeding place the patient at risk for multiple
transfusion and its sequelae, and possibly death. It is also
important to recognize other bleeding sources in the pelvis;
most typically the vast venous network and the bone
fractures themselves. Transport to the angiography suite in
patients with predominantly venous and boney bleeding
is not the optimal strategy. Treatment of these sources
involves minimizing the displacement of the pelvic vault,
temporarily via a pelvic binder device or C-clamp and
ultimately via fixation.

Occult Thoracic Injury: Tamponade and
Sudden Hemorrhage
The early resuscitation environment is a setup for overlook-
ing the diagnosis of cardiac tamponade (14). Cardiac
tamponade often responds to relatively small volume resus-
citation, leading to the erroneous conclusion that mild hypo-

volemia is the underlying cause of the hypotension. Early
in the resuscitation of tamponade, a small to moderate
volume bolus will increase arterial filling and, by increasing
central venous pressure (VP), restore end-diastolic volumes
and systolic BP (Fig. 3). This rapid, but temporary,
restoration of ventricular filling and BP may lead to the

incorrect assumption that the shock state of the patient is
due primarily to hemorrhage. Clinical factors working
against deriving an accurate diagnosis include failure to
remove the cervical collar to examine for distended neck
veins and lack of central venous monitoring in the early
phase of resuscitation. Along with standard diagnostic tech-
niques, providers are becoming increasingly facile with the
ultrasound FAST examination, which should aid in prompt
diagnosis of tamponade.

Injury to the chest can be elusive in the early resuscita-
tive phase. This may be due in part to the inadequacy of the
initial chest radiograph in the trauma room or the errors that
occur in reading these films in the heat of the battle (15–17).

One possible consequence may be under-appreciation
of a blunt aortic injury. Providers are typically trained to
focus primarily on a “widened mediastinum” as the
trigger to prompt a trip to CT or angiography. Appreciating
this finding is often very difficult in a resuscitation setting
which utilizes a supine AP technique and may have
foreign objects (backboards, seatbelts, etc.) obscuring a
clean view. It may follow that more subtle findings such as
blunting of the AP window, shift of the trachea, apical cap,
first and second rib and scapula fractures, and small
amounts of free pleural blood are missed on the “wet
read.” Careful consideration of mechanism (acceleration/
deceleration), repeating inadequate films, and utilizing CT
scan if any suspicion exists will minimize these misses.

Hemothorax, particularly in blunt trauma, may go
underestimated. This may also be due in part to radio-
graphic technique in the trauma bay. The thorax may be
neglected when attention is on other areas of injury and
the first supine film does not yet reflect the potential
source of bleeding as being the chest. In multi-trauma,
even after a thoracostomy tube is inserted, delayed but
large hemorrhage from the chest may go unnoticed if the
collection device is placed out of site or tipped over. It is
absolutely essential to continuously re-evaluate bleeding
from a chest tube in the early stages. Sudden massive hemor-
rhage may occur, particularly after a patient coughs, and
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may go unnoticed. Constant re-evaluation of all potential

sources of hemorrhage (external, chest, abdomen, pelvis,
extremities/fractures) is critical during the dynamic state
of early resuscitation.

Less Common Demographics: Very Young,
Very Old, or Pregnant
Avoiding pitfalls in the pediatric trauma population is largely
dependent upon being properly prepared. An effective
system of preparedness involves the utilization of color
coded resuscitation drawers based on the size of the child
and the Broselow Pediatric Resuscitation tape. Special
attention needs to be given to the room temperature, as
small children are particularly susceptible to hypothermia.
Most critical is the communication and availability of provi-
ders well versed in caring for children. In Volume 1,
Chapter 36, a comprehensive review of trauma management
in pediatrics is provided.

The elderly trauma patient warrants very special
consideration and caution. Hemodynamic considerations are
particularly noteworthy. Medications such as beta blockers
and calcium channel blockers can blunt the normal tachycardic
response associated with many traumatic events. In add-
ition, physiologic derangements of the normal chronotropic

response, as well as pacemakers, may also lead to dangerous
assumptions about the state of a patient’s hemodynamics.
Assuming that elderly patients have one of the aforementioned
conditions in the trauma bay, until otherwise informed, avoids
the dangerous conclusion of stability based on a “normal”
heart rate. It is worthwhile to keep in mind that many elderly
patients are hypertensive at baseline. In this case, a BP of
120/60 may represent hypotension and severely compromise
end organ perfusion.

The elderly patient is also particularly susceptible to
occult pelvic fracture hemorrhage. In a young person, an AP
plain film of the pelvis that does not reveal evidence of frac-
ture is rarely associated with significant pelvic hemorrhage
in blunt trauma. However, an older individual has a very
different body composition. The deterioration of the elastic
qualities of the soft tissues and consequential inability to tam-
ponade, in the presence of calcified and easily sheared vessels,
contributes to the potential for occult bleeding within the
pelvic vault, along the flank, or within the gluteal muscles.
Liberal use of a pelvic wrap or binder, as well as availability,
maintenance, and consultation of interventional radiology
can greatly improve outcomes. A list of important consider-
ations in the elderly population appears in Table 2. The
reader is referred to Volume 1, Chapter 37 for a comprehen-
sive review of trauma in the elderly.

Table 2 Pitfalls in the Injured Elderly

What the injured elderly might say . . . The potential pitfall

“I’ll go from normo-tensive to hypotensive in

a heartbeat”

Profound, life-threatening hypovolemia may occur in the

setting of relatively normal BP

“I respond poorly to too much or too little fluid” The therapeutic window for cardiac preload is narrow and

inadequate preload monitoring may lead to errors in volume

resuscitation

“My subdural hasn’t expanded enough yet to

really affect my LOC”

Cortical atrophy, common in the elderly, may act to delay the

clinical manifestations of serious intracranial hemorrhage

“Trauma is not really my major problem” Stroke, myocardial infarction, or seizures may result in falls or

motor vehicle crashes and delayed diagnosis of the principal

underlying problem

“I only look like I have adequate

ventilatory reserve”

Ventilatory failure and respiratory arrest may occur suddenly in

conjunction with chest or abdominal injuries despite outward

clinical appearance

“I get angina if my Hct drops below 29” Myocardial ischemia may result from transfusion thresholds that

have not been appropriately liberalized in the setting of coronary

artery disease

“I can’t stand pain, shock, or hypoxia” (neither can my

myocardium . . .)

Even minor perturbations in perfusion, oxygenation, or

vasoconstriction may lead to major cardiac complications

“My connective tissue just ain’t what it

used to be . . .”

Blood loss into soft tissue spaces, including subcutaneous loss,

may be excessive and is often overlooked

“The sensitivity of my abdominal exam is better than

flipping a coin . . .” (but not much)

Reliance on the abdominal examination will often lead to missed

abdominal injuries

“My bones are brittle . . .” yeah, the hip bone,

the shin bone, the aortic bone!

Blunt aortic injury may occur in the elderly in the absence of

conventional signs or symptoms

“A little medication goes a long way with me . . .” Failure to adjust medication dosage, particularly sedative-

hypnotics and analgesics, may result in serious complications

“I just haven’t been eating so well lately” Chronic malnutrition is relatively common and often undiagnosed

“My injuries weren’t accidental” Elder abuse is relatively common and often unreported and

undiagnosed

“Major trauma? Heck, I wouldn’t even tolerate

a brisk haircut . . .”

Underestimating and under-managing co-morbidities (COPD,

coronary artery disease, smoking, ETOH, etc.) may result in

preventable morbidity/mortality

Abbreviations: BP, blood pressure; COPD, chronic obstructive pulmonary disease; ETOH, ethanol; LOC, level of consciousness.
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Every female trauma patient who may be of child-
bearing age needs to have a urine pregnancy test sent
during initial resuscitation. Failure to recognize pregnancy
early leads to delay in mobilizing providers from obstetrics.
Consultation regarding anticipated normal physiologic
changes in the mother and assistance in monitoring the
fetus should begin in the early resuscitative phase.
However, shifting focus from the mother and shortchanging
the protocolized primary and secondary surveys are
ill-advised for either patient. The general rule is to treat the
mother according to her anatomic and physiologic
changes. Such practice is most advantageous to both
patients. In Volume 1, Chapter 38, a complete review of the
trauma considerations in the pregnant patient is provided.

IN THE OPERATING ROOM
Potential Failures in Team Dynamics and Operating Room
Resource Management
In the late 1970s, research by NASA into the causes of
commercial airplane crashes revealed that many errors
were not the result of individual failures, but of breakdown
in crew communication, leadership, and teamwork. This
research led to the development of training processes that
emphasized interpersonal and functional interactions
among crew team members in responding to potential threa-
tening situations. This training, originally termed “cockpit
resource management” (CRM) has undergone several revi-
sions. The most recent iteration, termed “threat and error
crew resource management,” recognizes the inevitability of
some degree of human error and attempts to trap and mini-
mize the results of these errors. This program reflects the
recognition that crew interactions and teamwork training
are critical elements in managing situational crises.

The lessons learned in commercial aviation with
respect to CRM are in the process of being applied to the

OR environment. Work by Gaba (18) has resulted in the
development of the OR equivalent of flight simulation
where various critical situations are reproduced using
computer-controlled mannequins and anesthesiology moni-
toring equipment. This program, called “anesthesia crisis
resource management” (ACRM) can be used to record,
analyze, and ultimately improve individual and OR team
interactions in the OR (19,20).

While there are numerous dissimilarities between the
cockpit of a commercial airliner and a modern OR, observa-
tional research suggests that there exist similar potential
failures of optimal team performance, and that such failures
may seriously threaten operative outcomes. A detailed
discussion of this work is beyond the scope of this chapter
and the interested reader is referred to Volume 1, Chapter
6 (“Trauma Team Performance”) for further study.

Operating team failures in several distinct areas may
result in medical errors and adverse patient outcomes
(Table 3). A number of so-call “input factors” also
play important roles in determining the vulnerability of
the operating team to lapses in performance. These include
elements such as OR design, type of equipment, patient
acuity, morale of OR staff, established practice patterns
(norms) among team members, attitudes, motivation,
aptitude, and state of fatigue, to name a few.

The intraoperative management of high risk, high
acuity trauma patients requires continuous monitoring of a
relatively large number of physiological and laboratory par-
ameters, many of which may change dramatically over a
short period of time. As threatening clinical “situations”
develop, often quickly, the awareness on the part of the oper-
ative team becomes an important determinant of successful
management of these threats and ultimate patient outcome.
Much of the work done over the past 20 years in the enhance-
ment of anesthesiology monitoring has been directed at
increasing this “situational awareness” and improving the
response to clinical “threats.” Failures in establishing and

Table 3 Common Areas and Examples of Potential Failure Among Operating Room Teams

Failures in communication

Expectations, danger points of anticipated procedure [surgeon]

Significant changes in patient’s physiological status (hypotension, hypoxia, etc.) [anesthesiologist]

Unexpected operative blood loss [surgeon]

Unavailability of instrument or equipment [OR nursing]

Procedural maneuvers with the potential to provoke physiological alterations (e.g., compression of

vena cava, cross-clamping of aorta) [surgeon]

Failures in maintaining situational awareness

Inadequate patient physiological monitoring (e.g., arterial, CVP lines) [anesthesiologist, surgeon]

Inadequate patient laboratory monitoring (e.g., coags, hematocrit, base deficit, ABGs) [anesthesiologist]

Failure to recognize ongoing blood loss [surgeon, anesthesiologist]

Failure to recognize worsening hypothermia, acidosis, or coagulopathy [anesthesiologist]

Failure to maintain uninterrupted supply of blood and blood products [OR nursing, anesthesiologist]

Failure in appropriate workload distribution

Inadequate anesthesiology staffing for major trauma case

Insufficiently experienced or trained house staff or attending staff conducting difficult procedure

Insufficient nursing staff

Surgical or anesthesiology staff distracted or pulled away due to other trauma patients

Lack of adequate supervision of house staff

Failures in conflict resolution

Unresolved hostility due to perceived inadequate performance by other team member(s)

Disagreement regarding scope of responsibility and team leadership

Abbreviations: ABGs, arterial blood gas; CVP, central venous pressure; OR, operating room.
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using proper monitoring devices, inadequate monitoring
vigilance or frequency, and the failure to correctly interpret
monitoring results may all contribute to monitoring failure,
and delayed recognition of critical situations.

Unlike commercial aviation, where both a pilot and a
co-pilot have access to similar situational monitors and
possess similar skills and training, an anesthesiologist and
a surgeon, separated by surgical draping and with different
training and background, have access to different sets of
clinical information. Each may be completely unaware of
significant developments on either side of the drape in the
absence of near continuous, high fidelity communication,
and each may respond differently to various situational
threats. Communication of critical lab values (e.g., base
deficit, hematocrit, coagulation studies, etc.) and physiologic
status [temperature, arterial blood gases (ABGs), vital signs]
may impact the surgeon’s decision to abbreviate the pro-
cedure (see Volume 1, Chapter 21, “Damage Control”). Simi-
larly, communication of anticipated surgical maneuvers
associated with hemodynamic changes (aortic cross-clamp
removal, vena caval compression, release of tamponade on
an iliac vein injury, etc.) must be conveyed early enough to
the anesthesiologist to allow management plans to be made
and employed. The importance of this ongoing dialogue, par-
ticularly in the setting of a critically unstable patient, cannot
be overemphasized.

Other major factors affecting OR team performance
include inadequate conflict resolution and inappropriate
workload distribution. Observations of OR performance
citing these and other deficiencies further underscore
the importance of the human, as opposed to the technological,
elements in overall function. It remains to be seen whether
specific training, including OR simulation exercises, will be
an effective means of reducing these important pitfalls in
the management of the critically ill trauma patient (21).

Keeping the Patient Out of Shock
The critical importance of achieving an optimal resuscitation
“trajectory” and minimizing the degree of malperfusion

(shock) in the course of operative resuscitation and interven-
tion has been previously emphasized. Under ideal circum-
stances, the cause of malperfusion (usually hemorrhage) is
brought under operative control during which time resuscita-
tion endpoints are met and the shock state is corrected. There
are, however, a number of occasions when patients fall off this
optimal “trajectory” and either fail to resuscitate properly or
experience sudden recurrence of a shock state. The potential
causes, while often confined to ongoing hemorrhage, are
numerous (Table 4), and proper management requires close
collaboration between the anesthesiology and surgical teams.

In the setting of massive shock, trauma patients
emergently taken to the OR typically represent a diagnostic
and therapeutic mystery throughout the early resuscitation
and exploration phase. The specific source(s) of shock
must be sequentially surveyed and ruled in or ruled out.
Given the initial diagnostic uncertainty, adequate hemody-
namic and ventilatory monitoring and reliable access for
rapid, warm infusion of blood products are essential.
Although this seems inherent to OR trauma care, it continues
to be a major source of inadequacy.

Acute trauma patients who are rushed to the OR after
identification of the presence of shock are, by definition, cri-
tically ill. In this circumstance, the OR itself must serve as a
veritable ICU, with all the capabilities this label implies. In
practice, this includes placement of central venous monitor-
ing if not done in the trauma bay, arterial line placement, and
provisions for large bore IV access. Femoral venous lines
may be helpful for rapid infusion, but are inappropriate in
the face of suspected pelvic or inferior vena cava injury
and cannot substitute for central pressure monitoring in
this acute setting.

The consequences of inadequate monitoring and
access can be profound as a patient can quickly enter the
“physiologic vortex,” the downward spiral from which
it is exceptionally difficult to stabilize someone. Patients
who are under-resuscitated may be given vasopressor
medications, which are inappropriate substitutes for
volume. The administration of boluses of vasopressor

Table 4 Causes and Management of Recurrent or Persistent Intraoperative Shock States

Etiology Diagnosis/management

Tension pneumothorax Inspect diaphragm, needle chest, chest tube placement

Massive hemorrhage, known source Damage control, packing, wait for restoration of perfusion,

bloodþ blood products

Occult hemorrhage: chest, abdomen, pelvis, extremities, scalp Re-evaluate chest tube output, CXR. FAST or DPL for abdominal

source, repeat physical exam

Air embolism: in association with lung injury or major venous

injury

Reduce ventilatory pressures (lung source), immediate

occlusion of open venous injury (venous source), thoracotomy

w/hilar X-clamping open massage and ventricular venting

(cardiac arrest, lung source)

Postshock, post-tamponade myocardial failure (“stunned

myocardium”)

Continuous preload monitoring, avoidance of ventricular overdis-

tension, judicious use of inotropes, and minimal use of a

agonists

Blunt myocardial injury (contusion, tamponade) Ultrasound (FAST or TEE), pericardial window for tamponade.

Inotropic support, manage concomitant pulmonary contusion

Vena caval obstruction/occlusion Surgical team must discuss with anesthesiology team plans for

release of occlusion/obstruction, and so on

Progressive brain/brainstem injury Unusual cause. Repeat neurological exam to the extent possible.

Consider ICP monitor, abbreviation of thoracic or abdominal

procedure

Abbreviations: CXR, chest x-ray or chest radiograph; DPL, diagnostic peritoneal lavage; FAST, focused assessment by sonography for trauma;

ICP, intracranial pressure; TEE, transesophageal echocardiogram.
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medications may transiently elevate BP but does not

address the core issue of end organ perfusion through
volume resuscitation. Small, intermittent, temporizing
doses of vasopressors may be life saving, by preventing
cardiac arrest in a hypovolemic patient. However, these
should only be administered concomitantly with large
quantities of intravascular fluids.

The heart, in this setting, bears closer examination par-
ticularly in the elderly or patients with coronary artery
disease. In a state of hemorrhagic shock, the heart experi-
ences an accumulation of neutrophils and an increase in
circulating proinflammatory cytokines such as TNF-a.
These substances are believed to play a role in inducing
myocardial injury and left ventricular dysfunction. In
addition, the tachycardia induced by the sympathetic
response translates into less time for coronary artery per-
fusion in the setting of increased myocardial oxygen
demands. Administration of medications that increase after-
load at this point does not tend to increase heart rate,
but rather augments coronary artery perfusion, which can
temporarily maintain cardiac function. In contrast, continued
hypovolemia, shock, and acidosis can deteriorate myocardial
function and cause cardiac arrest.

Inadequate monitoring and volume resuscitation may
exacerbate the “lethal triad” of hypothermia, acidosis, and
coagulopathy. Many trauma centers have programs in
place to facilitate the availability of blood products.
Trauma Massive Transfusion Protocols are designed to facili-
tate rapid uninterrupted availability of blood products from
the on-site blood bank (see Volume 2, Chapter 59).

Intraoperative Shock States
Tension pneumothorax may be precipitated by positive
pressure ventilation in an otherwise occult pneumothorax
and heralded by abrupt increases in ventilatory pressures
or decreases in ventilatory volumes, drops in saturation,
hypotension, and other effects. In a fully draped patient
undergoing an abdominal procedure, making the diagnosis
is not as straightforward as might be expected. For the surgi-
cal team, however, a quick inspection of the diaphragm is a
reliable and very fast diagnostic step.

Nonsurgical site occult hemorrhage from chest,
abdominal, pelvic, extremity wound sites, or even scalp
lacerations may alone be sufficient to cause recurrent hypo-
tension, which should prompt a rapid diagnostic evaluation
rather than assume a surgical site cause (beware of false

attribution).
It is estimated that air embolism occurs in approxi-

mately 4% of major traumas. Although penetrating chest
trauma, which creates a fistula between the injured bronch-
iole and pulmonary vein, is the most common cause, air
embolism has also been associated with hepatic vein lacera-
tion. Air embolism can be fatal with only 0.5 to 1 cc of gas to
the coronary arteries or 2 cc to the cerebral circulation.
The condition responds very poorly to conventional resusci-
tative efforts. With penetrating chest wounds, including
those from rib fractures and blunt mechanisms, air embolism
is often precipitated by induction of large tidal volume
positive pressure ventilation when the pressure gradient
shifts in the direction of the pulmonary venous system.
This is particularly true of a hypovolemic patient. The
clinical presentation may be one of sudden, unexplained
cardiac decompensation, and the actual diagnosis often
goes unrecognized. Preventative strategies include pharma-
cological paralysis (to prevent the patient from undesirable
coughing), generous volume resuscitation, and the use of

lower ventilatory pressures and volumes. Avoidance of
vigorous “bagging” is often recommended, but may be
impractical in a patient with arterial oxygen desaturation.
Trendelenburg position with the injured lung dependent to
the atrium, in order to increase venous pressure and
reduce the gradient, may be another helpful temporizing
maneuver (23). However, surgical maneuvers should be
employed for massive air embolism originating from the
lung including thoracotomy with hilar cross-clamping, and
ventricular venting to remove entrapped air.

Cardiac tamponade, discussed further in Volume 1,
Chapter 25, is essentially a compartment syndrome involv-
ing the myocardium. Myocardial capillary perfusion press-
ures drop to levels below which adequate oxygen can be
delivered and progressive myocardial ischemia occurs.
Blunt cardiac tamponade is uncommon, often delayed in
its presentation, and frequently goes unrecognized in the
setting of other major blunt traumatic injuries. Ultrasound
or a quick pericardial window (for abdominal procedures)
offers the best opportunity for diagnosis, and a resuscitative
thoracotomy should be considered for sudden unexplained
cardiac arrest, even in the setting of blunt mechanism.

While the surgical management of cardiac tamponade
is usually straightforward, albeit sometimes difficult
(decompression and suture repair of the injury), the
postdecompression management is not. Two of the most
common serious errors made following decompression of
tense pericardial tamponade are volume overload with
ventricular distention and the overuse of inotropes and/or
vasopressors. These cases often create a type of volume
administration “momentum,” despite pericardial decom-
pression and modest associated blood loss. Although large
amounts of blood, crystalloid, and inotropes for vasopressors
are required prior to decompression, immediately following
decompression, these patients improve dramatically. In the
setting of an ischemic, recovering myocardium and the loss
of pericardial containment, the left ventricular end-diastolic
volume will be markedly higher at the same measured
preload (CVP of wedge pressure) obtained immediately
prior to tamponade release. Cardiac failure tends to recover
quickly following tamponade release, and IVs should be
slowed down to maintenance (providing additional sources
of blood loss are not ongoing).

The second common error is the continued adminis-
tration of high dose or bolus doses of inotropes (e.g.,
epinephrine) following decompression. These agents, used
indiscriminately, increase myocardial oxygen consumption
and may precipitate cardiac failure in a recovering post-
tamponade myocardium. Modest doses of continuous
inotropic support may be necessary to transiently augment
the contractile dysfunction occurring in the postischemic,
post-tamponade myocardium. However, in most cases,
spontaneous recovery of contractile function will occur
over a short period of time, allowing a fairly rapid taper of
inotropic support. The concept of myocardial stunning
(postischemic contractile dysfunction) has been well devel-
oped in the setting of coronary artery disease (23,24) and the
same pathophysiology may play a role in the post-tamponade
patient as well.

As discussed earlier, pelvic fracture can be an extre-
mely significant source of hemorrhage. Improper disposition
and inadequate care of the patient with pelvic fracture may
quickly lead to shock. Extremely poor outcomes of patients
undergoing celiotomy for pelvic fracture in the 1970s
opened the door for the development of the current standard
of care for arterial bleed: angiographic embolization.
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In most facilities, this requires a trip to the radiology depart-
ment. Avoidance of shock requires the understanding
that the angiography suite serves the same purpose as
the OR in this circumstance. Provisions for anesthesia care
along with proper monitoring, access, and equipment are
as essential here as they would be in the OR.

Damage Control and the ‘‘Physiological Vortex’’
Severe hemorrhagic shock sets the stage for the lethal triad:
hypothermia, acidosis, and coagulopathy, oftentimes most
profoundly manifested in the OR. Some authors have
reported a mortality as high as 90% in patients with this
profile who require massive transfusion.

Hypothermia, currently under intense investigation
for its potential benefits in isolated head injury, has been
correlated with higher mortality and derangements of the
coagulation cascade in the multi-trauma patient. There is
now evidence to suggest that it plays a significant role in
left ventricular dysfunction, even if moderate (34–358C).
Up to 46% of trauma patients requiring laparotomy leave
the OR hypothermic.

Although hypothermia begins at the time of the

traumatic event, it is often exacerbated during the various
phases of resuscitation. Exposure in the pre-hospital
phase and transport with inadequate covering can certainly
contribute to a rapid drop in body temperature, especially
in an individual in shock or in someone unable to move.
The fully unclothed patient in the trauma bay may take
another hit. Rapid infusion of cold crystalloid and blood
products in the trauma bay and continuation in the OR
further adds to the hypothermic state.

At each phase, there are tremendous opportunities for
improvement to prevent hypothermia. In addition to active
external rewarming with warm-air blankets and warmed
airway gasses, fluid warmers, available for standard IV
pumps and rapid infusers, can be a tremendous benefit
and should be made available in trauma ORs.

In addition to hypothermia, the metabolic acidosis that
accompanies shock is a negative prognostic indicator in the
trauma patient, is often indicative of a poor prognosis if not
immediately corrected. Derangements in enzymatic pro-
cesses and the development of coagulopathy can be in part
due to persistent acidosis. Management of acidosis begins
with monitoring. Measurement of base deficit in the OR can
assist tremendously in assessing relative status of resuscita-
tive efforts in a timely fashion. The pitfalls typically occur in
two phases: lack of assessment and appropriate management.
Management in the acute trauma setting most typically
includes measures to restore volume, interventions to
restore oxygen delivery (via packed red blood cells and
FiO2), and providing safeguards against hypothermia.

Coagulopathy, acidosis, or hypothermia refractory
to aggressive treatment are strong indicators for an
abbreviated surgical procedure (damage control). The
anesthesiologist plays a critical role in making this deter-

mination. Massive transfusion, which dilutes platelets
and clotting factors, in concert with acidosis and hypother-
mia can lead to severe coagulopathy. Laboratory values
may not always reflect the severity of the coagulopathy in
an acute setting like the OR. Derangements and depletion
of clotting factors may be worsened by the fibrinolytic
activity in the trauma patient. Coagulopathy rounds out
the lethal triad, which has, in part, prompted the widespread
practice of “damage control” in the trauma patient (25,26).

The principle of damage control is to address
exsanguinating hemorrhage and gross spillage in a manner

that will facilitate rapid resuscitation and normothermia.
Time is of the essence and definitive repair is delayed until
the patient’s condition is improved. The notion of damage
control, borne out of the military, entered the medical field
as a result of intraoperative and postoperative mortalities.
Common threads in these mortalities included lengthy
procedures, persistent acidosis and hypothermia, and
coagulopathy, which further contributed to the procedure
time. Although potentially very labor intensive, damage
control has been regarded as a life-saving strategy, as it
allows providers to prevent a patient’s downward spiral
into the lethal triad (27,28).

The ‘‘Orthorama’’ and Other Long Cases
with Multiple Problems
Patients with multiple fractures may require lengthy,
orthopedic procedures, affectionately referred to as the
“Orthorama.” These procedures may require a fair amount
of manipulation, may involve intramedullary reaming for
internal fixation, and may generate large blood losses.
Aggressive manipulations of the extremities may challenge
the ability to manage a solid organ injury nonoperatively. In
the absence of guidelines, patients with tenuous abdominal
organ injuries require detailed discussion among trauma
and orthopedic surgeons and anesthesiologists in order to
decide when it is safe to proceed with repair of the orthopedic
injuries.

Intramedullary reaming, particularly of the femur, for
internal fixation has been associated with bone marrow fat
emboli. Although this is still a debatable topic, it warrants
caution, particularly in the setting of compromised pulmon-
ary function and pulmonary contusion. There is some
evidence that increased intramedullary pressure that is
generated in reaming leads to increased bone marrow fat
intravasation. Again, communication regarding all treat-
ment options and precautions is critical.

Decisions regarding timing of lengthy orthopedic
procedures should be the result of thoughtful deliberation.
Considerations include stability of the patient, regard
for other injured organ systems, estimated transfusion
requirements, and impact of functional recovery.

Trauma patients with closed head injuries also fre-
quently have other organ system derangements. Although
having a “road map,” that is, a CT scan, immediately is extre-
mely helpful to the neurosurgeon, but it is not possible when
the patient needs to be taken immediately to the OR for
exsanguinating hemorrhage. This maneuver is indeed essen-
tial to the head-injured patient in whom outcomes are dra-
matically affected by secondary brain injury caused by
hypotension and hypoxia. However, delay in obtaining
neurosurgical consultation in this population is an error.
Immediate neurosurgical examination and assessment of
the need for intracranial pressure (ICP) monitoring in the
OR is critical. If the patient has an obvious intracerebral
injury, the neurosurgeon may opt to concomitantly
perform exploratory burr holes during the exploratory
laporotomy or thorocotomy. If the patient does not have
obvious closed head injury, but has a mechanism of injury
where head injury is possible, the neurosurgeon may
opt for ICP monitoring. In the setting of brain injury and
coagulopathy, consideration of released brain tissue
thromboplastin (which causes coagulopathy) may nudge
the neurosurgeon toward operative management, as this
source of coagulopathy typically normalizes quickly follow-
ing decompressive craniotomy.
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INTENSIVE CARE UNIT
Patient Clinical Trajectory and the Missed Injury
For every patient, based on the type and severity of injury,
age, underlying chronic disease, and response to therapy,
there is an anticipated or even optimal clinical “trajectory.”
A great deal of critical care involves the monitoring of this
“trajectory” and the management of deviations from clinical
expectations. Prevention of missed injury is based on
a knowledge of injury patterns and reliably conducted,
protocolized tertiary survey. This process is central to
the diagnosis of injuries missed during the primary and
secondary trauma evaluations.

The reported incidence of missed injuries (or delayed
diagnoses) varies considerably from a low of 2% to 3% to
over 60% (30–32). The vast majority of these are low impact
“misses” that have limited clinical sequelae, some of which
are more accurately termed “delayed presentations.” These
include minor fractures (patella, metatarsal, “chip” fractures
of the pelvis, etc.) that are diagnosed later in a patient’s hospital
course. Neurological injury, conscious sedation, and distract-
ing injuries all play a role in diminishing the accuracy of the
physical examination as a primary means of detection, and
increasing reliance on plain and CTradiography has provided
one means of counteracting these effects.

There is general recognition that the primary and
secondary surveys for traumatic injuries, despite being care-
fully conducted, will result in overlooked (missed) injuries,
for all the reasons mentioned above as well as the need to
prioritize management of the most serious injuries. In teach-
ing programs radiological misreads are an anticipated
byproduct of less experienced physicians providing prelimi-
nary radiological interpretations, and there continue to be
diagnostic pitfalls with respect to certain types of injuries
(Table 5).

Missed injury reduction in a system of trauma care is a
balance between the time/cost/effort required for approach-
ing a 100% accuracy in diagnosis and the incidence of signifi-
cant complications resulting from the diagnostic delays. The
two most important cost-effective approaches for diagnostic
error reduction involve the tertiary survey (see Volume 1,
Chapter 42) and the development of evidence-based, insti-
tution-specific guidelines and protocols dealing with specific
injury types (Table 5).

A protocol-driven process encompassing a (repeat)
head-to-toe physical exam and systematic review of all diag-
nostic studies (tertiary survey) has been shown to signifi-
cantly reduce the incidence of missed injuries (33,34). The
process appears to be cost-effective and demonstrates
the viability of a “systems” approach to error reduction in
a heavily provider-dependent arena. Similarly, the use
of guidelines, protocols, or algorithms may direct providers
away from suboptimal diagnostic approaches, avoid
well-recognized pitfalls, and further reduce missed injuries.

Oversedation and Delays in Ventilatory
Reconditioning
Over sedation in the ICU is a widespread practice. Liberal
use of narcotic and benzodiazepine drips have become the
rule in many ICUs. Metabolism of these medications may
be slowed significantly under certain circumstances
common in this population. Oversedation in the venti-
lated patient delays extubation and puts the patient at

greater risk for hospital-acquired pneumonia. In
addition, pre-existing derangements in hepatic metabolism,
particularly common in the elderly, can also prolong the
effect of sedative medications. Oversedation or prolonged
sedation can markedly prolong the ICU stay by delaying

Table 5 Potential Missed Injuries (Selected) and Approaches to Error Reduction

Missed injury type

Presentation or common factors associated

with delay/miss Error reduction strategies

Traumatic brain

injury

False attribution (drugs, ETOH, seizures),

errors in CT interpretation

Routine CT scans based on threshold

GCS/neurological exam

Axial spine injuries Reliance on physical examination, false

attribution of subtle sx and sx

Protocol-driven X-ray series for obtunded

patients, CT for primary C-spine evaluation

in higher risk patients

Carotid, vertebral

dissections

Unexplained decreases in LOC Protocols for duplex scans/MRI in selected

C-spine injuries

Blunt aortic injury Initial false negative CXR Guidelines for chest CT based on age, mechanism,

and so on

Blunt intestinal

injury

Initial false negative CT, false negative

prediction based on CT, errors in CT

interpretation missing subtle signs

DPL or repeat CT scan for suspicious or equivocal

studies. DPL or repeat CT scan for associated

seat belt signs or chance fractures

Blunt cardiac injury Nonspecific signs/symptoms, failure to obtain

EKG

Protocol-driven EKG assessment. TEE/TTE for

hemodynamic manifestations

Pancreatic injury Initial false negative CT, errors in CT

interpretation, false negative DPL

Mandatory f/u CT exam for equivocal studies

Pelvic fractures Obtunded patient, false negative prediction

based on physical exam

Protocol-driven X-ray series for obtunded patients

Tibial plateau fx Obtunded patient, false negative prediction

based on physical exam

Protocol-driven X-ray series for obtunded patients

Extremity vascular

injury

False negative prediction based on pulse exam ABI screening for all proximity injuries

Abbreviations: ABI, ankle-brachial index; CXR, chest radiograph; CT, computed tomography; DPL, diagnostic pertitoneal lavage; ETOH, ethanol; GCS, Glasgow

Coma Scale; LOC, level of consciousness; MRI, magnetic resonance imaging; TEE/TTE, transesophageal echocardiogram/transthoracic echocardiogram.
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time to extubation and exposing the patient to opportunistic
infections, most notably ventilator-associated pneumonias.
There now exists consistent evidence that frequent spon-
taneous breathing trials, often dependent upon dialing
down sedation, lead to earlier extubation. Unfortunately,
this has not yet become routine in many ICUs.

The fundamental utility of ICU care is based on pro-
visions for delivering rigorous nursing care, ventilatory
support, and advanced hemodynamic monitoring. There is
good evidence that elderly trauma patients in particular
benefit from aggressive hemodynamic monitoring. Success-
ful use of monitoring devices, however, is based on proper
interpretation and subsequent management decisions.
Currently two potential pitfalls exist. As receiving notoriety
has reduced its frequency of use, the number of providers
comfortable with interpreting the derived values of the pul-
monary artery catheter is markedly decreasing. Stroke
volume and right ventricular end diastolic volume, helpful
in directing ongoing resuscitative efforts, are increasingly
under-appreciated or misinterpreted. At the other end of
the spectrum lie the newer technologies, such as two-dimen-
sional echocardiography. In-service training and skills devel-
opment have not yet caught up to its increasing presence in
the ICU. Educational programs can ameliorate this shortfall
and ultimately improve a provider’s capacity to deliver
complex critical care.

LATE PROBLEMS: FUNCTIONAL RECOVERY

When the “dust settles” and trauma patients are on the road
to recovery, focus should shift to long-term expectations for
recovery. The pace of this phase does not compare to
the brisk affairs of the initial presentation, however, attention
to detail while developing wider vision for the global
nature of the issues can make a definitive difference in an
individual’s recovery. Critical aspects of functional recovery
that are often overlooked require a holistic view of the indi-
vidual and regard for psychological, physical, and financial
wellness. In addition, assessment of the potential for re-
injury and development of strategies to prevent this type
of recidivism round out a scheme to ensure complete treat-
ment of the trauma patient.

Work published from the Trauma Recovery Project in
San Diego revealed tremendous functional limitations at
12- and 18-month follow-up of trauma patients. Utilizing
a standardized quality-of-life scale, depression, post-
traumatic stress disorder (PTSD), serious extremity injury,
and ICU days were found to be associated with functional
limitations (34).

Complete trauma care includes consideration and refer-
ral for the physical, psychological, social, and financial well-
being of the injured person. The psychological impact
of trauma can be tremendous. The pitfall occurs when
providers fail to recognize it for what it is, or regard it as tran-
sient or “to be expected.” Diagnostic aids, in the form of simple
questionnaires, can assist primary providers in recognizing
depression and PTSD. Recognition is often all that is necessary
on the part of the primary providers because many institutions
can provide consultation and long-term treatment for these
disorders. Treatment is essential to thwart the potential conse-
quences such as sleep disturbance and poor motivation that
can greatly hinder physical recovery (35).

Prevention of long-term physical disability
and handicap really begins in the trauma bay with

optimum resuscitation and management of all (especially

neurological) injuries. Neurologic injury is associated
with poor outcomes which again drives home the import-
ance of avoiding early hypotension and hypoxia, harbingers
secondary brain injury. Beyond this early phase, errors con-
tributing to poor physical recovery can be subtle: delay in
integrating early occupational and physical therapy services
for early mobilization, and inadequate discharge planning
and placement. Discharge planning is a multidisciplinary
activity and should include inpatient providers, rehabilita-
tion medicine specialists, social workers, primary care
physicians, and mental health professionals, as deemed
necessary. Regard and consideration for patient and family
desires is the backbone of the plan. The focused, integrated
attention that was present at presentation of the multi-
trauma patient is at risk for dissipation as someone recovers.
Recognition of the importance of all aspects of injury
remains vital at the transition from acute care.

Transitions to home or rehabilitation facilities can be
very disorderly. Choosing appropriate placement is the
first step. Errors in family expectations or insurance issues
may lead to inappropriate placement. In addition, medi-
cation lists and follow-up plans can be misinterpreted and
attention to detail, such as deep venous thrombosis prophy-
laxis, can fall through the cracks. Vigilance and systems in
place to assure instructions are passed along thoughtfully
and thoroughly are critical to preventing oversights and
confusion.

The financial burden of a traumatic event can be extre-
mely disconcerting to patients. In a survey of recovering
trauma patients, 40% gave an answer that work and finances
were of primary concern, after injury. The direct costs of
spinal cord injury alone are $4 billion in the United States
per year. Patients also may have legal concerns for which
they do not know where to turn. In addition, trauma
patients, particularly individuals involved in interpersonal
violence, may be at high risk for repeat injury, or recidivism.
Hospitals and providers do not typically view themselves as
responsible for these aspects of care; however, attention to
these matters can really begin in the acute or subacute care
setting (36,37).

Development of a recovery program or case manage-
ment system by which an individual is responsible for
assisting patients in obtaining resources can potentially
smoothen re-entry and address factors that put people at
risk for harm’s way, such as unemployment, legal issues,
and drug use.

EYE TOTHE FUTURE

The entire field of medicine is in a particularly dynamic
state with regard to personnel and systems. The care of
the trauma patient will certainly continue to be impacted
by these changes. Anticipating potential problems
will arm us to minimize pitfalls in a rapidly changing
environment.

Dramatic changes and mandates in work hours for
resident physicians are having a tremendous impact on
coverage and scheduling in trauma rotations. Redesign of
call schedules in order to meet the mandate has unleashed
concern that we may be decreasing fatigue but inviting
the kind of shift work that may compromise the sense of
responsibility, thorough knowledge of, and bond to a
patient. Limiting work hours will likely lead to healthier
working conditions; however, designing programs that
foster adequate communication and do not jeopardize that
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sense of commitment to individual patients is essential,
albeit challenging.

In order to continue the development of skills and
practices in the reduced work hour environment, the
Accreditation Council for Graduate Medical Education is
exploring the concept of system or competency-based prac-
tices and volume credentialing. In order to improve patient
safety and ensure proper training, residency programs will
likely adopt procedure and practice competency lists that
will be incorporated into the program requirements.

Trauma centers are relying increasingly on nurse prac-
titioners and physician assistants to fill the gaps in resident
physician coverage and provide necessary continuity of
care. Integrating them into the trauma teams by giving
them responsibilities for tertiary surveys and involving
them in prevention programs and long-term care are becom-
ing mainstream. The future will likely see the completion of
this culture change as we become increasingly dependent
upon alternatives to a resident physician’s presence.

Finally, the future will likely see a continuation of a para-
digm change in medicine away from blaming the individual
for errors and toward examination and interrogation of the
system. This welcome change comes in an age when the
health care provider is not as likely to see himself or herself
as the omnipotent one, but rather as a component of a team
in the complex management of the multi-trauma patient.

SUMMARY

In the context of trauma care, a pitfall refers to a trap providers
may fall into resulting in errors or adverse clinical outcomes.
Particularly because the recent Institute of Medicine Report
focused attention on medical errors, the topic of system-
based failures has gained tremendous attention. Indeed, indi-
vidual practitioners are increasingly being regarded as
elements in a complex system of care. The highly structured
training and simulation programs used by commercial avia-
tion and the space industry have been examined by the
medical field in an effort to reduce errors.

Each aspect of trauma care, from the initial resuscita-
tion to rehabilitation, brings with it a host of challenges to
practitioners and the system in which they work. The pace,
variety of venues, and multidisciplinary nature of the field
combine to create a complexity that is fraught with potential
pitfalls for the unsuspecting.

There are common threads essential to combating
pitfalls in this type of environment: the first involves
making provisions for examination, scrutiny, and adapta-
bility of a trauma system with appropriate response times,
expertise, and resources. Next is the establishment and
maintenance of interdisciplinary communication, particu-
larly in the OR. Third is the development of a water-tight
system of tertiary surveillance, and rehabilitation facility or
home transfer instructions are essential. Finally, rounding
out proper care of the trauma patient demands attention to
issues of re-entry into society including matters of finances
and psychological well-being.

KEY POINTS

The saw-tooth BP pattern of recurring normo- and
hypo-tension often reflects ongoing hemorrhage in the
setting of intermittent fluid resuscitation.

Normal or minimally altered mental status is a
nonspecific indicator of the absence of a shock state.
Failure to appropriately evaluate the abdomen has been
identified as the most common error in trauma manage-
ment (10,11).
Cardiac tamponade often responds to relatively
small volume resuscitation, leading to the erroneous
conclusion that mild hypovolemia is the underlying
cause of the hypotension.
Constant re-evaluation of all potential sources of
hemorrhage (external, chest, abdomen, pelvis, extremi-
ties/fractures) is critical during the dynamic state of
early resuscitation.
In the setting of massive shock, trauma patients emer-
gently taken to the OR typically represent a diagnostic
and therapeutic mystery throughout the early resuscita-
tion and exploration phase.
The administration of boluses of vasopressor medi-
cations may transiently elevate BP but does not
address the core issue of end organ perfusion through
volume resuscitation.
Nonsurgical site occult hemorrhage from chest,
abdominal, pelvic, extremity wound sites, or even
scalp lacerations may alone be sufficient to cause
recurrent hypotension, which should prompt a rapid
diagnostic evaluation rather than assume a surgical
site cause (beware of false attribution).
Although hypothermia begins at the time of the trau-
matic event, it is often exacerbated during the various
phases of resuscitation.
Coagulopathy, acidosis, or hypothermia refractory to
aggressive treatment are strong indicators for an abbre-
viated surgical procedure (damage control). The
anesthesiologist plays a critical role in making this
determination.
Prevention of missed injury is based on a knowledge of
injury patterns and reliably conducted, protocolized
tertiary survey.
Oversedation in the ventilated patient delays extuba-
tion and puts the patient at greater risk for hospital-
acquired pneumonia.
Prevention of long-term physical disability and handi-
cap really begins in the trauma bay with optimum
resuscitation and management of all (especially neuro-
logical) injuries.
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INTRODUCTION

With the development of trauma systems and the wide-
spread training of Advanced Trauma Life Supportw
(ATLSw), the initial management of trauma patients has
become much more standardized. This has led to improved
patient outcomes (1). The ATLS course stresses the import-
ance of a primary survey (PS) to initially identify injuries
that are an immediate threat to life, followed by a secondary
survey (SS), which is geared to promptly identify all other
injuries. However, despite the improvements in standardiz-
ation of management, as many as two-thirds of trauma
patients have injuries not identified by these surveys (2).

In an effort to further improve trauma care, a repeat
assessment and management screening should be applied
to the patients who are admitted to the surgical intensive
care unit (SICU) or the hospital ward immediately after sur-
gical or diagnostic procedures are completed, because it is
not uncommon for important steps in the initial SS to have
been missed or deferred.

Major areas of clinical concern for trauma patients
admitted to the SICU include respiratory failure, hypoperfu-
sion, and intracranial hypertension. The major goals of man-
agement of critically injured patients include prompt
restoration of tissue oxygenation, diagnosis and treatment
of occult injuries, prevention and treatment of infection,
and thereby minimizing the likelihood of developing the
multiple organ dysfunction syndrome (MODS).

When the patient first arrives in the SICU, just like
when the patient arrives in the trauma bay, resuscitation
and further evaluation of possible injuries must proceed
simultaneously. Frequently, ongoing resuscitation takes
precedence over detailed diagnostic workups. Nonetheless,
the patient needs to be fully evaluated as quickly as possible
so that all injuries and concurrent medical conditions are
recognized and managed optimally. This complete reevalua-
tion of the trauma patient that typically occurs in the SICU
has been called the tertiary survey (TS) as first described
by Enderson et al. (3). The TS should be performed in all
trauma patients, regardless of whether or not they require
critical care management.

The goal of the TS is to identify all injuries. Missed
injuries can have a significant impact on morbidity, as well
as on mortality, from trauma. The more severely injured
patients, particularly those with traumatic brain injury
(TBI), are at the greatest risk for having occult lesions.
A common pitfall is to focus only on the immediately life-
threatening wounds, while inadvertently ignoring less
obvious, but potentially life-threatening trauma, as well as

failing to recognize certain injuries that later contribute to
significant morbidity.

The TS is not necessarily a one-time evaluation; it also
includes serial physical examinations and assessments.
However, there is increasing awareness that formalizing an
official TS some time in the first 24 hours following admis-
sion should systematically improve care and increase the
early recognition of missed injuries, thus decreasing the
sequel of delayed diagnosis.

This chapter begins by reviewing the TS components,
followed by a section on concurrent resuscitation consider-
ations (emphasizing that patient stabilization always takes
priority). Next, confounding factors, management priorities,
and patient transport considerations are reviewed. This is
followed by a fairly extensive evidence-based review of
missed injuries, focusing upon contributing factors and
their impact on patient outcomes, the patterns of missed
injuries, methods for avoidance, and a survey of systems
issues. The chapter next visits the effects missed injuries on
family and legal considerations and finishes with an “Eye
To The Future” that emphasizes vigilance, elimination of
some common pitfalls (e.g., night time radiology mis-
reads), good old fashioned re-examination, and frequent
rounding on patients.

TERTIARY SURVEY COMPONENTS
The specific components of the TS include: (i) a thorough
review of all previously learned information and (ii) com-
pletion of all abbreviated or deferred elements of the PS
and SS. Items to be specifically conducted include: firsthand
acquisition of a complete and accurate history, performing a
thorough physical examination, review of all radiographs,
other imaging studies, and laboratory data, and ordering
of additional studies as deemed relevant.

Determining how the TS is completed and who
performs it is a policy decision that varies between various
hospitals and trauma systems. In some institutions, the
same trauma physicians who initially evaluated the patient
in the resuscitation bay of the emergency department (ED)
will continue to manage the patient in the SICU. In this scen-
ario, the trauma team members only need to “fill in the
gaps” during the TS. In many institutions, a separate team
of individuals such as critical care attendings and fellows
will also be involved in patient management, and in some
centers they take on primary responsibility for the patient
in the SICU. In this latter case, the most important initial
step for optimizing the TS is direct communication among
everyone involved.
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Communication and rigorous attention to detail,

compulsive review of all systems, and clear documentation
are the critical elements of the TS. Communication
is often suboptimal when the patient does not go directly
from the ED to the SICU. A common example of where
communication deteriorates is when the patient goes to the
operating room (OR) without complete information being
transmitted from the ED or the trauma team to the anes-
thesiologists. Similarly, patients may be transported from
the OR to the SICU by anesthesia team members who fail
to inform colleagues on the trauma team about important
intraoperative events that have transpired. Another common
communication gap occurs when the patient travels to and
from radiology accompanied only by the SICU nurse. These
situations are “set-ups” for major information gaps and
management disasters.

Whenever the patient is passed between teams and
procedures, it is exceedingly important that a member of
the trauma team accompany the patient at all times to
provide the “big picture” and continuity of care. The import-
ance of direct physician-to-physician communication, as
well as accurate and complete written documentation of
each procedure performed and finding discovered along
the way, cannot be overemphasized. Incomplete or illegible
notes are a frequent cause of medical errors (including
missed injuries). Standardized admission forms and orders
can help.

Obtaining an accurate history is often difficult because
the critically ill trauma patient is commonly unable to
provide information due to intoxication, TBI, sedation,
and/or intubation. The mechanism of injury is one of the
most important elements of the presenting history that
must be obtained. Observations made at the scene are
invaluable, but not always well chronicled. Furthermore,
this information becomes passed along between so many
different individuals that the accuracy deteriorates by the
time the patient arrives in the SICU. The emergency
medical services (EMS) report sheet, if available, can be
very helpful. One should not hesitate to contact the EMS pro-
viders or physicians at a referring hospital whenever
missing information is needed.

In addition to history regarding the injury, one must
obtain information regarding the patient’s medical history,
medications, allergies, and so on. This information is best
obtained from the patient or the patient’s family. When
family members and loved ones are unclear regarding medi-
cations and doses, they should be asked to retrieve pill bottles
and obtain other medical papers from the patient’s physician.
It is also usually helpful, and certainly courteous, to contact
the patient’s primary care physician to share information.

The TS physical examination should be conducted
even more thoroughly than the PS and SS. One should
begin with evaluation of the airway, breathing, circulation,
and neurologic disability. A complete head to toe examin-
ation should follow. This must include examination of the
patient’s back, axillae, and inguinal regions. Patients who
have not had spinal injuries ruled out can be log-rolled
during examination of the back.

Sedation should be minimized so that neurologic func-
tion can be reassessed, however, adequate analgesia should
be continued as appropriate. When sedation is required,
the use of a very short acting agent such as propofol can
facilitate serial examinations off sedation. In contrast,
patients with obviously painful injuries or surgical incisions
should be managed with low doses of adequate opioid
analgesics in order to facilitate the examination.

All of the abnormal physical findings noted during the
initial PS or SS should be reassessed at the time of the TS.
Initial radiographs should also be reviewed along with
interpretation from the radiology attending. New findings
must be documented, communicated to the appropriate
consulting team members, and followed.

Additional imaging studies are often indicated during
the TS. Victims of blunt trauma require supplemental radio-
graphic studies more frequently than do victims of penetrat-
ing injuries. Typically, films of the spine and extremities are
needed. In addition, some films may need to be repeated,
such as radiographs of the chest and computed tomography
(CT) scans of the head. Timing of the studies is dictated by
the patient’s overall condition, the need for ongoing resusci-
tation, the requirement for transporting the patient off the
unit to obtain the study, and the potential adverse effects
of delaying the study.

“Road trips” can be hazardous to a patient’s
health. In general, studies that require a transport
should be delayed until hemodynamic stability has been
achieved. However, some studies are both diagnostic and
therapeutic in regards to hemorrhage. For example, in a
patient with pelvic fractures and hemodynamic instability,
an internal iliac arteriogram can diagnose the source of arter-
ial bleeding, and during the same procedure steel coils or gel
foam can be deployed to halt the retroperitoneal hemorrhage.

An experienced physician, for example, senior-level
resident or attending, should be charged with making the
complex decisions regarding the sequence of procedures,
and the patient’s fitness for transport versus the urgency of
the procedure. When transport is necessary, the patient
must be monitored at the same level as in the SICU. In
addition, the patient must be cared for by a critical care
nurse or anesthesiologist with specific training and expertise
in trauma resuscitation. Furthermore, an experienced and
knowledgeable member of the trauma team should also
accompany unstable or “meta-stable” patients when away
from the SICU.

CONCURRENT RESUSCITATION CONSIDERATIONS

Restoring respiratory and cardiovascular stability takes
precedence over completion of the TS. One should assure
that the patient’s natural airway is intact or that the airway
has been “secured,” usually with an endotracheal tube
(ETT) (Volume 1, Chapter 9). Except in unusual circum-
stances, oral or nasal airways should only be used as adjuncts
during initial resuscitation attempts. These devices are not
appropriate for prolonged use in patients having difficulty
maintaining an open airway. Patients with altered mental
status [Glasgow Coma Scale (GCS) �8], those demonstrating
difficulty maintaining their airway for any reason, and those
who are combative or otherwise unstable should have their
trachea intubated (see Volume 1, Chapters 8 and 9). If
already intubated, the ETT position must be reassessed,
keeping in mind that tube migration (in or out) may have
occurred during patient transport. Adequacy of ventilation
to each lung must also be assured, and a chest radiograph
(CXR) should be obtained.

The circulation should be re-evaluated by examining
blood pressure, heart rate, and perfusion of the patient’s
extremities. One should keep in mind that a significant
number of trauma patients have “occult” hypoperfusion
despite relatively normal blood pressure, heart rate, and
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urine output. Many parameters have been touted as markers
of hypoperfusion and endpoints for resuscitation, including
arterial base deficit or lactate, supranormal oxygen delivery,
mixed venous oxygen saturation, or gastric intramucosal
PCO2 (4–8). Although there is not enough data to rec-
ommend one specific parameter over another, it appears
that using at least one of these resuscitation endpoints as a
monitor of tissue perfusion can improve outcome. Opti-
mally, multiple endpoints of resuscitation will be followed
to increase the overall accuracy, and to improve subsequent
decision-making (Volume 1, Chapter 18).

Regarding neurologic disability, any evidence of intra-
cranial injury and/or intracranial hypertension must be
addressed in conjunction with the neurosurgical service.
Spinal immobilization should be continued in patients at
risk for spinal cord injury (SCI) or any unstable spine until
the radiographs have been read and the patient has been
“cleared” clinically.

CONFOUNDING FACTORS

Examination of the critically injured trauma patient can
be confounded by numerous conditions, including: altered
mental status, preinjury conditions, intoxication, concomi-
tant trauma (i.e., SCI), or deferred studies, due to emergent
surgical management of other wounds.

The first of the many confounding factors impeding
trauma evaluation is the fact that many trauma patients
present with a decreased level of consciousness. Many are
under the influence of alcohol or illicit drugs at the time of
injury. Intoxication can mask injuries or make the patient’s
examination unreliable. These drugs may also alter the
patient’s physiologic response to trauma and hemorrhagic
shock. Conversely, intoxication may mimic a TBI. In
addition, patients frequently require analgesia and/or seda-
tion because of pain, agitation, or combativeness, which can
further degrade the reliability of the examination.

Second, premorbid conditions may have a significant
impact upon the patient’s response to trauma. This is
particularly true for cardiac and pulmonary diseases. Medi-
cations, such as beta-blockers, can prevent tachycardia.
Patients with poor cardiac or pulmonary reserve respond
poorly to hemorrhagic shock or chest trauma. In the
elderly, baseline neurologic function is frequently abnormal
due to pre-existing dementia or previous strokes.

Third, concomitant injuries, such as an SCI can make
the physical examination unreliable. Patients with SCI may
not be able to sense pain distal to the site of injury. In these
cases, information regarding the mechanism of injury is criti-
cal for focusing on the appropriate potential injuries. One
needs to have a low threshold for obtaining additional
imaging studies. Similarly, some concomitant injuries (e.g.,
ruptured spleen) may require emergent operative manage-
ment that defers the normal workup process (increasing
the likelihood that an injury may be missed).

Fourth, distracting injuries may make it difficult to
evaluate areas of the body. Mistakenly, some traumatologists
absolutely avoid opioids in these patients for fear of cloud-
ing the sensorium and degrading the neurologic exam.
However, small doses of opioid analgesics titrated to effect
will actually often help the patient become more cooperative
and better able to concentrate on the physical examination.
Finally, one must avoid inappropriate fixation on one
particular injury, as healthcare workers frequently focus on
the most painful or visually shocking wounds.

MANAGEMENT PRIORITIES

The management of critically ill trauma patients is compli-
cated by the need for simultaneous resuscitation, diagnostic
evaluation, and therapeutic interventions. Senior
members of the team should make the decisions regarding

priorities in evaluation and treatment. It is essential to
diagnose and treat the most life-threatening conditions
first. For optimal long-term outcome, however, all injuries
that may affect survival and quality of life must also be
diagnosed.

Because not all issues can be addressed at once, priori-
ties need to be set. These priorities must be communicated to
all members of the team, including consultants. In the early
management of the trauma patient, respiratory, cardiovascu-
lar, and neurologic abnormalities usually take precedence.
Infectious complications and the MODS do not manifest
until later, but the risk of these complications may be mini-
mized by optimal early treatment.

To optimize care, decisions regarding priorities of
diagnostic workups and therapeutic interventions must be
made by the most senior physician involved on the trauma
service. One must have all pertinent information at hand
in order to have the whole patient in mind. Decisions must
be made based upon what is best for the patient, not politics
or convenience.

PATIENT TRANSPORTCONSIDERATIONS

Unless transport is necessary as part of resuscitation and stabil-
ization efforts, it should generally be avoided until the patient
has become fully resuscitated and hemodynamically stable.
Balancing the potential diagnostic value of imaging studies
and the potential value of specific interventions against the
patient’s need for hemodynamic or ventilatory support
demands exquisite judgment.

The patient’s time away from the SICU should be
managed as efficiently as possible, that is, coordinating
studies, so that patients do not have to wait in the radiology
department and so that additional trips can be avoided, is a
basic tenant of good trauma management. In addition, these
transports should be done as safely as possible.

The level of patient monitoring during transport should
not decrease. In fact, it may be necessary for the patient to
receive an arterial line, a central line, or intracranial pressure
(ICP) monitor prior to transport so that vital systems can be
more closely followed during transport and the scheduled
procedure. In addition, the patient should be transported
with the SICU nurse who has been caring for the patient in
the unit (they know the patients best). There should be
additional help to physically move the patient. Supporting
equipment, all necessary drugs, fluids, oxygen, and so on,
should be immediately on hand so that care is not interrupted.
Finally, as mentioned previously, a member of the trauma
team should accompany any unstable or meta-stable patient
because they know the “big picture” and can help direct
resuscitation if instability develops or worsens.

MISSED INJURIES REVIEW
Contributing Factors
Missed or occult injuries may be found in up to two-
thirds of trauma patients admitted to the SICU, although
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a figure of around 10% is more generally accepted (2,3).
Some of the factors that lead to gaps in information
(such as incomplete communication between consultants
and the trauma team members) have already been
described. A number of patient-related factors are also
important.

Specific types of injuries, comorbid factors, proto-
col deviations, and inadequate or misinterpreted radiographs
contribute to missed injuries. Patients with higher injury
severity scores (ISS) and those with lower GCS are particu-
larly at risk. Intoxication, shock, SCI, TBI, and inability to
communicate with the patients all predispose to missed inju-
ries. Multiple other factors (Table 1), both patient and clini-
cian-related, also increase the risk. Patients may be
distracted by other injuries or may lack symptoms at the
time of admission. Inexperience of the physician and
diagnostic oversight may also play a role, particularly
when managing multiple simultaneous patients. The
increasing use of abbreviated initial operative procedures
(damage control) further increases the likelihood of a delay
in diagnosis of other injuries. Radiographic errors are
common, bringing up questions regarding the need for
24-hour-a-day coverage by senior radiologists. Admission
of the patient to an inappropriate service, usually a surgical
subspecialty, can also contribute to missed injuries, but
tends to be rare at dedicated trauma centers with policies
demanding that all trauma patients are admitted to the
trauma service (or are at least seen by the trauma service)
initially.

The most common sources of missed injuries are
orthopedic injuries. Ward and Nunley (9) analyzed 24
missed orthopedic injuries found in 111 patients. Seventy
percent of the injuries were diagnosed by physical examin-
ation and plain radiographs. Only 27% required sophisti-
cated imaging techniques. They identified the following
risk factors for missed injuries: another more apparent ortho-
pedic injury within the same extremity, patient too unstable
for orthopedic evaluation, altered sensorium, hastily applied
emergency splint obscuring a less apparent injury, poor
quality or inadequate initial radiographs, and inadequate
significance assigned to minor symptoms or signs in a
major trauma victim. Laasonen and Kivioja (10) noted
similar reasons for missed bone injuries, but added more
reasons such as unnoticed radiologists’ reports, fracture
visible at the outermost corner of a radiograph, fracture
hidden by other fractures, and obesity.

Nonorthopedic radiographic studies also contribute to
missed injuries. Hirshberg et al. (11) at Ben Taub in Houston
found that difficulties in the diagnostic workup led to 46 of
123 missed injuries. This included failure to obtain the
correct investigation and inherent limitations of the
modality. The great majority of injuries missed on radio-
graphic studies involved specialized studies such as angio-
graphy and CT scans. Incomplete surgical exploration
resulted in 43 missed injuries.

Impact of Missed Injuries
The literature on missed injuries is still rather hetero-
geneous, as operational definitions have yet to be standar-
dized. Some authors included injuries not identified
during the PS and SS, as well as the initial operative inter-
ventions. Others looked at all injuries missed during the
first 24 hours of admission. These studies are summarized
in Table 2.

Enderson et al. (3) found 41 missed injuries in 399
patients (90% blunt trauma). Only one missed injury (of
41) resulted in serious disability and seven required operat-
ive interventions. Born et al. (12) found 39 missed fractures
in 1006 blunt trauma patients. The delay in diagnosis, 1 to
91 days, did not seem to cause any additional long-term
cosmetic, functional, or neurologic sequel. Buduhan and
McRitchie (13) found that 46 of 567 patients had missed inju-
ries. Seven patients with missed injuries suffered clinically
significant sequel, including one death. About half of all
missed injuries were potentially avoidable, including five
of the seven with sequelae.

Ong et al. (14) examined the importance of unexpected
findings at autopsy in trauma patients who died in the SICU
at the Ryder Trauma Center in Miami over a two-year
period. The most common causes of death were TBI and
MODS. Of these 153 patients, only four had missed diag-
noses (bowel infarction, meningitis, retroperitoneal abscess,
and bleeding gastric ulcer) that, if recognized antemortem,
might have led to a change in treatment and, possibly,
outcome. Twenty-five patients had major diagnoses (pneu-
monia most common) that would not have changed the
outcome and 12 patients had minor diagnoses. This type of
data can help clinicians focus the diagnostic workup on com-
monly missed diagnoses in patients who are unexpectedly
not improving.

At a level 1 trauma center in a rural area, Robertson
et al. (15) found that 70 missed injuries (not identified
within 24 hours) were identified in 56 of 3996 patients, of
which 19 were felt to be life threatening, including head,
chest, and abdominal injuries. These patients more fre-
quently suffered blunt trauma and were more severely
injured. All patients with unrecognized injuries for more
than seven days had TBIs and were on mechanical venti-
lation, although depressed mental status alone did not sig-
nificantly increase the risk of missed injuries. The patients
also had longer ICU and hospital stays, although with
lower mortality (perhaps because of selecting out patients
who died early, before missed injuries were found). The
impact of the missed injuries on morbidity and mortality
was difficult to assess because these patients had more
severe injuries. The missed injuries necessitated additional
operative procedures 36% of the time. Had the injuries
been identified earlier, the procedure might have been per-
formed concurrently with other procedures. Sixty percent
of the patients with missed injuries had been transferred
from other facilities.

Table 1 Contributing Factors in Missed Injuries

Patient factors Clinician factors

Hemodynamic instability Inexperience

Altered mental status Inappropriately low level of

suspicion

Ethanol/drug intoxication Radiologic error

Sedation/analgesia/
anesthesia

Failure to obtain study

Head injury Inadequate films

Neurologic deficit Misinterpretation of studies

Spinal cord injury Technical errors

Peripheral nerve injury Multiple patients

Transfer from an outlying

facility

Admission to inappropriate

service
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Robertson et al. (15) rightly stated that “it is not safe to
assume that because another physician did not find an injury
prior to transfer that no injury is present.” The receiving
physicians must completely evaluate the patient as if the
patient had come directly to their institution.

Missed injuries are not relegated to critically ill trauma
patients. Cost-saving measures in hospitals have resulted in
many patients who previously would have been admitted
for observation being discharged instead. Accordingly,
patients are occasionally discharged home, or allowed to
leave against medical advice (AMA) with life-threatening
injuries which were originally missed altogether, or
thought to be minor when first evaluated in ED. A missed
injury without medical personnel nearby can obviously
have even more profound consequences than when delay
in diagnosis occurs as an “in-patient.”

At night, when most trauma patients are seen, radio-
graphs are frequently interpreted by radiology housestaff
and/or nonradiology attendings. Eachempati et al. (16)
examined the incidence and impact of potentially erroneous
preliminary readings that were not discovered until the
attending radiologists reviewed films the next day. They
found that 102 of 38,260 patients who were discharged
from the ED had radiograph readings that were revised by
the attending radiologists. Forty-three of the readings
involved trauma patients. The most common errors involved
CT scans of the head and face, radiographs of the foot and
ankle, and plain films of the cervical spine. In 22 cases, the
attendings only felt that additional studies were indicated.
In twelve cases, a missed injury was found (mostly extremity
injuries) and in nine cases other incidental pathologic
conditions were identified. The prevalence of inaccurate
initial readings was disproportionately higher in trauma
patients (43 of 1073) compared with other ED patients (60
of 37,187).

In one study of pediatric patients, Peery et al. (17)
found that the overall frequency of missed injuries was
20%, similar to that found in the adult populations. On the
positive side, the missed injuries were neither life threaten-
ing nor permanently disabling. Increasing age and motor
vehicle crash as mechanisms of injury were significant risk
factors for missed injuries.

Biffl et al. reviewed the missed injury rate at their
Level 1 trauma center in Rhode Island before (1997–1998)
and after (2000–2001) implementation of a mandatory TS
at 24 hours (including a specific TS data collection form)
(18). Prior to implementation of the TS, they found an
overall missed injury rate of 2.8% (5.6% for more critically
ill patients treated in the Trauma SICU), whereas, after the
TS was implemented the missed injury rate dropped to an
overall rate of 1.5% (3.4% for the sickest patients treated in
the Trauma SICU) (Table 2) (18).

Missed Injury Patterns
Missed injuries in blunt trauma patients most commonly
involve orthopedic lesions, whereas missed vascular and
hollow visceral injuries are more commonly seen after pene-
trating trauma. In the study by Enderson et al. (3), 21 of 41
missed injuries involved extremity fractures, five spinal inju-
ries, two facial fractures, five thoracic injuries, six abdominal
injuries, and two vascular injuries.

More recently, Houshian et al. (19) reviewed missed
injuries at a level 1 trauma center in Denmark. The
trauma team did not suspect most missed injuries, report-
edly due to inadequate initial clinical assessment. An

additional concern, though, was that 35% were the result
of misinterpretation of radiographs. The most common
sites of missed injuries were the extremities. Thirty one
percent of these required operations. Clinically significant
lesions included aortic injuries, subdural hematoma, and
abdominal trauma.

At Ben Taub, Hirshberg et al. (11) reviewed missed inju-
ries over a 10-year period. They defined missed injuries as
those necessitating operative interventions but not discov-
ered during the initial evaluation, diagnostic workup, or
surgical exploration. They excluded patients with isolated
orthopedic and neurosurgical trauma. They found 123
missed injuries in 117 patients out of 4120 patients per year.
The most commonly injured structures included thoracic
great vessels, heart, chest wall arteries, colon, and diaphragm.
Bleeding was the most common clinical presentation, necessi-
tating thoracotomies in 44 patients, laparotomies in 61
patients, plus a variety of other procedures. Major compli-
cations occurred in 21% of patients, in which 31% died. The
delayed diagnosis directly contributed to death in many
patients.

Avoiding Specific Missed Injuries
The search for occult injuries should first focus on those
that present a threat to life or limb. High-priority occult
lesions include TBI, SCI, cerebrovascular injury, thoracic
aortic injury, pneumothorax, aerodigestive tract injury,
abdominal compartment syndrome, peripheral vascular
injury or compartment syndrome, major joint dislocation,
and eye injury.

The Ben Taub group proposed a useful classification
system for patterns of missed injuries (11). In type I, which
occurred in 20% of cases, the missed injuries were outside
the body area that was the focus of clinical attention or
surgical activity, suggesting that the standard initial
workup protocol may not have been adequately followed.
To avoid this type of error, one needs to be compulsive
and assume that an injury is present based on the mechan-
ism of trauma until proven otherwise. A systematic and cau-
tious approach is needed.

In type II, the injury was missed in the body area of inter-
est. This was identified in 69% of cases. These errors occur as a
result of improper selection or sequencing of diagnostic tests or
from inherent limitations of the studies as well as inadequate
surgical exploration. Although the patient’s instability
and/or number of injuries may contribute to this type of
error, the surgeon must try to avoid this error by obtaining
adequate exposure of all possible body compartments that
may be involved.

The remaining missed injuries, type III, resulted from
the surgeon’s decision to curtail the diagnostic workup or
surgical exploration because of the patient’s instability. In
contrast to the other types of errors, this is usually due to
the correct decision to terminate a procedure in the patient’s
best interest. The error was not the decision to initially abort
further workup or surgery. Rather, the error was the failure
to complete the evaluation after the patient was stabilized,
either with imaging studies or with surgical re-exploration
at a follow-up operation. The importance of discussing
these “missed” injuries is to alert the surgeon to thoroughly
explore the patient during the planned reoperation and to
maintain a low threshold for early reoperation if the
patient is not doing well. Also, the remainder of the TS
must be completed expeditiously.
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Preventing missed injuries requires compulsiveness
during the assessment of the patient in the SICU and thor-
oughness in the OR. Additional imaging studies should be
considered prior to reoperation and a full exploration
should be planned. One should avoid focusing only on the
known injuries. Knowledge of the mechanism of injury
and maintaining a high index of suspicion are essential.

As injuries can be missed at any point during the
management of multiple trauma patients (including the PS,
SS, TS, and OR exploration), continued vigilance through-
out the care of the patient is needed. Clinicians need to
be attentive to subtle signs of injury. Radiologic studies must
be reviewed by attending radiologists, preferably in direct
communication with the trauma team. Avoidance of specific
injuries has been reviewed by Enderson and Maull (20).

The use of CT scans of the head has significantly
decreased the risk of missing a TBI that requires neurosurgi-
cal intervention. Any suspicion at all of a TBI based on
mechanism of injury, history, or physical examination
should be sufficient indication for obtaining the scan.
When these scans are delayed because of patient instability,
they should be obtained as soon as the patient can be
safely transported. Rarely, patients who have evidence of a
TBI and severe extracranial injuries may require ICP
monitoring without the benefit of a CT. These patients
must also have a head CT scan performed as soon as the
operative management of the extracranial injury has been
completed.

Due to the tremendous consequences resulting from a
missed spine injury (i.e., progression to a neurologic deficit),
spine fractures need to be identified early. Thus, radiographs
of the spine should be obtained in the initial workup of
trauma patients (see Volume 1, Chapters 15 and 26).
However, it is appropriate to defer these studies in certain
circumstances. Obtaining radiographs, for example, should
not take precedence over resuscitation. Patients should be
immobilized until spinal injuries can be ruled out. Maintain-
ing cervical spine immobilization is similarly important
during any airway manipulation. However, occasionally
some neck movement must be allowed to gain a definite
airway. Indeed, if the airway is not secured and the patient
asphyxiates, the theoretical benefits of maintaining cervical
spine immobilization to prevent injury become moot.

Reasons for missed spinal injuries include: not obtain-
ing the appropriate film, misinterpretation of appropriate
films, injuries at multiple levels, altered level of conscious-
ness, and patient refusal. Until all necessary films have
been obtained and ligamentous injury ruled out by exam or
imaging studies (e.g., magnetic resonance imaging), patients
should remain immobilized. Previously used flexion-exten-
sion radiographs are less commonly used in comatose
patients due to their potential for causing an injury in
patients with ligamentous instability. However, inability to
clear the spine should not prevent the patient from under-
going any other important diagnostic tests or procedures.

For thoracic trauma, CT scan of the chest has become
one of the most important modalities to rule out subtle
injuries after overt injuries have not been revealed by phys-
ical examination and plain CXR. The chest CT scan can
readily identify occult pneumothoraces and aortic injuries
(21,22). The appropriate management of the small pneu-
mothorax found only on CT scan is unclear. Even if the
patient is on positive pressure ventilation, a chest tube
may not be necessary (21).

Missed injuries in the abdomen are of particular
concern, particularly for the victim of blunt trauma. Initial

management of patients with penetrating abdominal
trauma, and those who are unstable, is usually straightfor-
ward. Increased judgment is required in the stable blunt
abdominal trauma victim; and optimum management
requires experience and dedication to maintaining a high
level of suspicion, with multiple serial examinations.

Injuries to the bowel and retroperitoneum are notor-
iously difficult to diagnose using ultrasound or even CT
scan. Physical examination is particularly difficult in the
setting of decreased mental status or distracting injuries.
Ferrera et al. (23) found that 10 of 142 blunt trauma victims
without abdominal pain or tenderness had intra-abdominal
injuries. All patients had significant distracting injuries, par-
ticularly rib fractures and other fractures. Four of the 10
patients with occult abdominal injuries ultimately required
laparotomies. This study emphasized the point that physical
examination and various diagnostic tests are all complemen-
tary. Serial physical examinations and, sometimes, radiologic
studies are critical to avoiding missed injuries during the TS.
In general, the risk of a missed intra-abdominal injury is
much greater than that of a negative laparotomy.

As previously stated, musculoskeletal injuries are the
most commonly missed injuries. During the initial resuscita-
tion, the typical physical findings may be subtle or may be
missed because of the patient’s instability, decreased level of
consciousness, neurologic deficit, or distracting injuries. The
most common reason for missing such an injury is the
failure to obtain the appropriate imaging study, including
radiographs of the joints proximal and distal to the obvious
injury. Any complaints by the patient or ecchymosis or swel-
ling on examination should be taken seriously. If complaints
continue despite initially negative radiographs, repeat films
or additional imaging modalities should be obtained.

The trauma mechanism often suggests that specific inju-
ries be sought (Volume 1, Chapter 2). For example, patients
with a fall from a height should be examined for a calcaneal
fracture. Patients with one spinal injury should have the
remainder of the spine examined. Similarly, certain radio-
graphic findings or patient complaints (Table 3) suggest inju-
ries that should be evaluated with additional imaging
studies or other examinations. However, many of these clinical
or radiographic clues will be missed because patients are
so injured/unstable that they are intubated and undergoing
emergency exploratory surgical procedures (requiring
deferment of the usual workup).

Undetected peripheral nerve injuries are particularly
common in patients with concomitant TBI as the decreased
mental status may mask the physical findings. Stone and
Keenan (24) examined 50 consecutive patients with TBI
admitted to a rehabilitation center and found that 17 of
them had a total of 23 peripheral nerve injuries. They
noted, however, that some of these findings could have
resulted from prolonged bed rest during hospitalization.

With regard to arterial lesions, Richardson et al. (25)
found that arteriography had a 6% false-negative rate and
a 7% false-positive rate with penetrating trauma. These inju-
ries were picked up at the time of exploration, suggesting
that a negative arteriogram should not preclude surgical
exploration if a high enough level of suspicion exists.

Of particular concern (and some controversy) is the
evaluation algorithm for blunt carotid or vertebral arterial
injuries. These lesions are thought to result from hyperexten-
sion of the neck, and subsequent dissection with an intimal
flap. Physical findings may be absent until the patient
suddenly develops a significant neurologic deficit.
However, massive facial and neck pain, obvious trauma
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such as a shoulder harness mark, should alert the traumatol-
ogist to the possibility of carotid or vertebral arterial injuries.

Duplex studies do not seem to be sensitive enough.
Arteriography remains the gold standard, but the indications
remain controversial in the asymptomatic patient given the
risks and costs involved (26). CT angiography is a promising
modality, particularly as these patients invariably undergo
CTs for other indications. There is currently not enough
data to recommend this as a universal screening test. If
concern is high enough based on the mechanism of injury,
an angiogram should be performed, but this is a rapidly
changing area of diagnostic inquiry. Many of the most com-
monly missed injuries along with the current best imaging
modality or study to make the diagnosis are listed in
Table 4. With recent improvements in CTand magnetic reson-
ance imaging (MRI) technologies, these recommendations
may change, as this is a rapidly evolving area of trauma care.

System Issues
As many missed injuries are related to mistakes made in
interpretation of radiologic studies, the question arises
regarding the need for higher-level radiologist coverage for
trauma patients. Velmahos et al. (27) examined the incidence
of missed injuries by radiology house staff reading films at
night. Discrepancies were found between the initial reading
and final reading in 42 of 383 patients. Patients with discre-
pancies had a higher injury severity score and higher inci-
dence of penetrating trauma. These errors were associated
with longer hospital stay, higher hospital charges, and
higher mortality. The studies that were most commonly
associated with discrepancies were the abdominal CT scans,
followed by scans of the head, chest, and spine. More senior
radiology residents were less likely to err. In 20 patients, the
discrepancy resulted in a change in treatment. No deaths,
however, were a direct result of the missed injury.

Ideally, radiologic studies should be immediately
read by attending radiologists or at least senior house

staff. This is frequently not the case in the middle of the
night when the ED and the trauma staff must interpret
films independently. A review of the films the next
morning by the radiologist with the trauma team can help
prevent missed injuries and improve education of house
staff (28). More recently, night coverage of acute trauma
imaging studies has become widely available by numerous
tele-radiography firms that provide 24-hour acute reading
services. Some of these firms utilize daytime working radi-
ologists who live in a longitude that is nearly 1808 away
from the admitting hospital. For example, in San Diego,
evening films are not only reviewed by the trauma team,
but also by a radiologist located in Australia who has
received high-resolution digital images over the Internet.
The interested reader is referred to Volume 2, Chapter 72
for additional considerations regarding remote trauma
management technologies.

The benefit of in-house attending trauma surgeon
coverage is another controversial issue. A recent study by
Fulda et al. (29) found no difference in outcomes if the
attending trauma surgeon was able to respond within 15
minutes of the patient’s arrival versus remaining in the hos-
pital. However, senior (attending level) supervision of the
patient workup and reviews of imaging results must occur
during the TS evaluation process.

To avoid missed injuries, it is also critical for the
members of the trauma team to discuss missed injuries
and complications openly and honestly. System issues that
might decrease the incidence of missed injuries should be

Table 4 Missed Injuries and Best Tests for Diagnosis

Diagnosis Key test

Facial fractures Sagittal and coronal CT

Spinal fractures/spinal cord

injuries

Plain radiographs, flexion-

extension views, CT, MRI

Blunt carotid injury Arteriography, CT angio

Diaphragm injury CT, plain radiographs with

nasogastric tube, thoraco-

scopy or laparoscopy

Esophageal injury Esophagram and

esophagoscopy

Aortic injury Chest CT angio, angiography

Cardiac wounds Echocardiography, pericar-

dial window

Abdominal hollow viscus

injuries

Abdominal CT, serial exams,

laparoscopy, laparotomy

Pancreatic injuries Abdominal CT, laparotomy

Biliary ductal injuries Abdominal CT, HIDA, ERCP

Rectal injuries Proctoscopy

Renal artery occlusion Abdominal CT, angiography

Extremity fractures Specialized plain radio-

graphs, including proximal

and distal joints

Ligamentous injuries Complete physical examin-

ation, CT, MRI

Arterial injuries Low threshold for

angiography

Pelvic fractures Pelvis CT

Lumbosacral root avulsions MRI

Abbreviations: CT, computed tomography; ERCP, endoscopic retrograde

cholangiopancreatography; HIDA, hepatic imidoacetic acid; MRI, mag-

netic resonance imaging.

Table 3 Patient Phrases Suggesting Areas of Injury

Patient phrase or

complaint

Interpretation—area

requiring investigation

I’m choking Airway injury

I can’t breathe Ventilatory dysfunction,

thoracic injury

I can’t swallow Esophageal injury,

possible airway injury

Let me sit up Ventilatory dysfunction

(hemo-pneumothorax),

hypoxia, cardiac

tamponade

Please help me Blood loss, hypoxemia

I’m thirsty Blood loss

My belly hurts Peritoneal irritation

My shoulder is sore In the absence of shoulder

injury, ipsilateral

diaphragmic irritation

(blood/rupture)

I need to have a bowel

movement

Hemoperitoneum

I can’t move my legs Spinal cord injury

Please do something for

my pain

Significant trauma
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addressed as well as critical aspects of added training that
might be needed.

Despite appropriate PS and SS, missed injuries still
occur. At a rural trauma center, Aaland and Smith (30) insti-
tuted a policy of serial examinations after the initial assess-
ment of trauma patients. They found delayed diagnoses in
3% of their patients. Most of the injuries were orthopedic.
Biffl et al. (18) developed an organized TS documentation
system to be completed within 24 hours of admission. Use of
this TS protocol resulted in a decrease of missed injuries by
30% overall and 38% for critically ill patients. Delayed com-
pletion of the TS was also associated with missed injuries.

FAMILYCONCERNS

Due to its sudden and unexpected nature, trauma is natu-
rally stressful for both the patient and the family. For
victims of penetrating trauma, issues related to the violent
event add to the stress. Mistrust of authorities and medical
professionals is common. This should be kept in mind
when discussing the patient’s status with the family. Estab-
lishing a good rapport with them can greatly facilitate
obtaining the necessary personal healthcare information
regarding the patient (see Volume 2, Chapter 64). Social
workers and nursing staff often obtain bits and pieces of
information. Communication and documentation are critical
to putting together the complete picture of the patient’s past
medical history and the circumstances of the injury. This
issue has both medical and medico-legal implications.

LEGAL CONSIDERATIONS

Legal action frequently occurs following traumatic incidents,
particularly when violence is involved. The police (and the
coroner’s office in homicide cases) need evidence to prose-
cute the crime. The staff in the SICU must keep in mind
that the medical record may be used during legal proceed-
ings. Any specific observations regarding the injuries need
to be as precise and nonjudgmental as possible. For
example, descriptions of bullet wounds should only describe
the findings and location; one should not attempt to define a
wound as an “entrance” versus “exit” wound. It is also criti-
cal to assist the authorities in maintaining the “chain of evi-
dence.” Anything related to a possible crime that is found
on, or removed from, a patient needs to be handled appro-
priately so that it can be directly linked back to the victim.
Hospital security should be involved.

Given the current atmosphere of culpability, there is
concern that any errors (real or perceived) on the part of
healthcare providers could lead to malpractice lawsuits.
This fear has led many physicians to avoid care of the
injured. For radiologists, the most common cause of lawsuits
is missed diagnoses, about half of which occur in trauma
patients (31). For trauma centers, Weiland et al. (32)
reviewed the incidence of malpractice claims against
trauma centers in Arizona. Almost two-thirds of the claims
were against nonlevel 1 trauma centers, with the others
split between the level 1 centers and outpatient facilities.
They suspected that claims against level 1 centers were
more defensible because of the use of established protocols,
a high index of suspicion for injuries, and careful follow up.

Despite the best efforts of experienced trauma
teams, injuries will occasionally be missed. Open, honest

communication can minimize any family or legal

ramifications. A standardized, comprehensive approach
can help minimize the risk that life-threatening and dis-
abling injuries will be missed.

EYE TOTHE FUTURE

The optimal TS is coordinated with resuscitation in the criti-
cally injured patient. Benefit of using the TS has been found
not only in adults (18) but also in pediatric trauma patients
(33). Future research should focus on defining optimal
endpoints for resuscitation that can be monitored in the
ICU and during transport when the latter is needed for com-
pleting the TS. Recently, Hoff et al. (28) demonstrated that
formalized radiology rounds served to decrease missed inju-
ries and could be incorporated as part of the TS. In addition,
more studies are needed to determine the optimal tests for
avoiding missed injuries.

The introduction of digital total radiographic scanning
and multi-detection CT scans has the potential to decrease
missed injuries. As technology progresses, these studies
will hopefully require smaller, more portable, and more
reliable devices that can more readily be utilized in the
SICU or OR during resuscitation and operative procedures.
The widespread use of tele-radiology (Volume 2, Chapter
72) will continue to grow and will allow rapid expert
review of diagnostic imaging studies by attending level radi-
ologists during the night, serving to decrease missed injuries
that result from inadequate studies and/or misread films.

SUMMARY

The TS is an ongoing complete head-to-toe examination of
the trauma patient that should be completed after the PS
and TS, once the patient arrives on the hospital ward or
ICU. The main goal is to complete the resuscitation of the
patient while detecting all injuries. Missed injuries are
most common in head-injured patients and those who
require emergency therapies that cause elements of the SS
to be deferred. The most common type of injury missed is
orthopedic in nature.

Priorities for diagnostic tests (particularly those invol-
ving patient transport) versus ongoing resuscitation need to
be determined by the senior members of the team. Attention
to detail, use of established protocols, and communication
are the best means for attaining this goal.

To repeat the key principles: To prevent missed
injuries, one must have experience in trauma management
and injury associations, a high level of suspicion, and be
dedicated to repeat examinations throughout the trauma

evaluation period. Complete and repeat physical exam-
inations are needed. Consultations with specialists and
additional radiographic studies should be used liberally,
particularly in the light of day. More spectacular injuries
should not cause the cause apparent injuries to be overlooked.

It should be noted that a diagnosis made 24 hours
after admission in a poly trauma patient who was being
operated upon and resuscitated for most of that time, does
not necessarily constitute a true “missed injury.” Rather
this most often represents a “deferred definite diagnosis”
made in a patient where the trauma team had a high level
of suspicion that the patient may harbor such an injury,
but did not think it in the patient’s best interest to defer a
life-saving therapy merely to make a diagnosis that could
be made the following day without jeopardy to the patient.
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An additional note offered by Ken Mattox, in an edi-
torial to a recent paper investigating the TS concept in pedi-
atric patients (33), is also instructive stated: “Examination,
reexamination, and re-reexamination are what surgery has
been about for centuries. It is called rounding on one’s
patients. . . .” (33). Dr. Mattox pointed out that it is “distres-
sing that such basic and simple principles must be restated
[in recent published papers]” (33). While the editors of this
text agree with these comments in principle, in practice we
believe that formalization of a TS in all trauma patients
should help decrease morbidity due to missed injuries that
inevitably occur on large busy trauma services worldwide.
The greatest success will be achieved when systems are
put in place that help standardize treatment, and also
when those charged with caring for sick trauma patients
are fully dedicated to “examination, reexamination, and re-
reexamination.”

KEY POINTS

Communication and rigorous attention to detail, com-
pulsive review of all systems, and clear documentation
are the critical elements of the TS.
“Road trips” can be hazardous to a patient’s health.
Examination of the critically injured trauma patient can
be confounded by numerous conditions, including:
altered mental status, preinjury conditions, concomi-
tant trauma (i.e., SCI), or deferred studies due to emer-
gent surgical management of other wounds.
Senior members of the team should make the decisions
regarding priorities in evaluation and treatment.
Specific types of injuries, comorbid factors, protocol
“deviations,” and inadequate or misinterpreted radio-
graphs contribute to missed injuries.
As injuries can be missed at any point during the man-
agement of multiple trauma patients (including the PS,
SS, TS, and OR exploration), continued vigilance thro-
ughout the care of the patient is needed.
Despite the best efforts of experienced trauma teams,
injuries will occasionally be missed. Open, honest
communication can minimize any family or legal
ramifications.
To prevent missed injuries, one must have experience in
trauma management and injury associations, a high
level of suspicion, and be dedicated to repeat examin-
ations throughout the trauma evaluation period.
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Index

AAN. See American Academy of Neurology
(AAN)

AAP. See American Academy of Pediatrics
(AAP)

ABA. See American Burn Association (ABA)
Abbreviated Injury Scale (AIS), 60, 62
Abbreviated trauma airway exam, 161
ABC. See first airway, breathing, and

circulation (ABC)
Abdomen, 199, 517–529

adjunctive management, 526
airway complications, 519
anatomy, 517, 518
anesthesia, 522–525
bleeding, 222, 408
blunt trauma, 309, 312, 518, 528
chest radiograph, 520
combined injuries, 523
compartment pressures, 528
computed tomography (CT), 310–312, 521
damage control, 407–408
diagnostic imaging, 309–312
diagnostic studies, 520
difficult-to-close, 412
evaluation, 312
examination, 260
failure to properly assess, 824
geriatric, 736, 740
history, 519
hospital resuscitation and diagnosis,

519–522
indications for exploratory laparotomy,

522
injury classification, 517–518
laboratory studies, 520
management, 529
neuraxial anesthesia, 526
nonoperative management, 528
obstetric, 755
oral contrast material, 313
pediatric, 712
penetrating trauma, 518
physical examination, 519
postoperative intensive care unit,

528–529
prehospital care, 519
preoperative evaluation, 331
salvaged blood, 526
shed blood in abdominal injuries, 526
surgery, 524, 527
ultrasound, 520
vascular injury, 523

Abdominal aorta, 408
Abdominal compartment syndrome, 412,

413, 527
decompression, 412, 528
effects, 412
intra-abdominal pressure (IAP), 528
long-range transport, 127

ABG. See arterial blood gas (ABG)
ABI. See ankle brachial indices (ABIs)
Abruption, 756
Abscess

extremity, 565

Abuse
alcohol

acute, 581
chronic sequale, 583
hypoglycemia, 581

child, 318, 707
children, 37, 318, 707

imaging findings, 319
sexual, 708

elderly, 737
solvent, 576, 577, 600
volatile substances, 576

Accidents. See also injury; motor vehicle
collision (MVC)

prevention, 38
ACE. See angiotensin converting enzyme

(ACE)
Acetabular fractures, 541

classification, 541, 543
treatment, 542

Acetabular injuries, 316
Acetaminophen, 600, 677

overdose, 601
Acid-base

abdominal injuries, 526
obstetric, 748
resuscitation, 357

Acidosis, 414
abbreviated surgical procedure, 832
burn injuries, 669
systemic perfusion, 554

ACLS. See Advanced Cardiac Life Supportw

(ACLSw)
ACP. See antivenin crotalida polyvalent

(ACP)
Acquired immune deficiency syndrome

(AIDS), 25
ACRM. See Anesthesia Crisis Resource

Management (ACRM)
ACS. See American College of Surgeons

(ACS)
ACT. See activated clotting time (ACT)
Activated clotting time (ACT)

coagulation status, 151
Acute airway obstruction, 471
Acute alcohol abuse

hypoglycemia, 581
Acute alcohol intoxication, 582

cardiovascular system effects, 586
general effects, 581

Acute contrast reactions
management, 295

Acute lung injury (ALI), 662
Acute pelvic stabilization

timing placement, 544
Acute physiology and chronic health

evaluation (APACHE), 759
Acute physiology score for children

(APSC), 64
Acute renal failure (ARF), 565
Acute respiratory distress syndrome

(ARDS), 217, 494
drowning, 692
pediatric, 717

[Acute respiratory distress syndrome
(ARDS)]

pulmonary oxygen toxicity, 597
Acute spinal cord injury

hemodynamic management, 463
Acute spine injury, 502–505
Acute subdural hematoma

CT, 298
Acute trauma

albumin, 224
catheter techniques, 378
general vs. regional anesthesia, 334
hepatic resection for treatment, 407
resuscitation surgery, 333

Acute tubular necrosis (ATN)
acidic urine, 596
toxins, 596

Adrenal hematomas, 314
Adrenal suppression

induction drugs, 525
Adulterants, 581

toxic effects, 585
Advanced Cardiac Life Supportw (ACLSw)

availability, 87
cardiovascular therapy, 638
drugs, 158, 752, 760
training, 109, 197

Advanced directives, 737
Advanced Life Support (ALS), 44
Advanced Trauma Life Supportw

(ATLSw), 48
ACS-COT, 89
availability, 87
facial injury guidelines, 417
geriatric, 733–735
imaging studies, 293
initial care burn patient, 656
life sustaining therapy, 365
obstetric, 749–750
primary survey (PS), 92, 135
secondary survey (SS), 92, 135
training, 91, 109

Advanced triage, 256
AEC. See airway exchange catheter (AEC)
Aeromedical resources, 44
Aeromedical transport, 125, 126

Blackhawk, 129
CH-46 USMC helicopter, 130
intraocular air, 426
trauma patients, 430

Aeromonas hydrophilia, 569
AFE. See amniotic fluid embolism (AFE)
Age, 729–731

defined, 729
injury mechanisms, 34
near-drowning, 685
physiologic changes, 729

Agent indicator matrix (AIM) tools
terrorist attacks, 77

Age-specific pediatric trauma score
(ASPTS), 64

AIDS. See acquired immune deficiency
syndrome (AIDS)

AIM. See agent indicator matrix (AIM) tools
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Air
intraocular, 426

Air embolism, 249, 475
diagnostic tools for detection, 475
long-range transport, 126
venous, 463

Airway, 48. See also difficult airway
abdominal injuries, 524
acute obstruction, 471
acute spine injury, 503
cardiothoracic trauma, 489
cart, 84
cervical spine, 285

pediatric, 700–702
definitive management, 155–193

airway examination principles, 161
conventional, 161–163
difficult airway algorithms, 181–188
difficult airway definition, 159–160
difficult trauma airway, 167–175
emergency intubation complications,

189–191
equipment and drug preparation,

155–158
fiberoptic bronchoscopy, 175–180
future considerations, 193
hemodynamic compromise, 191–192
resuscitation suite, 138–139

diagnosis, 472
difficult intubation, 185–187
edema, 169, 662
eleven step examination, 161
emergency access, 168
emergency management, 189
equipment, 87
general anesthesia, 365
geriatric, 733, 741
head injuries, 433
maintenance with cervical spine

protection
resuscitation suite, 135–137

obstetric, 749
obstruction, 136
oropharyngeal and nasopharyngeal, 163
patency assessment, 136, 470
penetrating neck trauma, 460, 462
perioperative assessment and

management, 470
preoperative evaluation, 329
spine surgery, 512
supplies, 88
surgical, 171

Airway exchange catheter (AEC), 508
AIS. See Abbreviated Injury Scale (AIS)
Albumin

vs. crystalloid, 224
fluid resuscitation, 224
TBI patients, 439

Alcohol, 41, 581–583, 608
abuse

acute, 581
chronic sequale, 583
hypoglycemia, 581

brain injury risk, 581
dehydrogenase

treatment, 609
intoxication, 582

cardiovascular system effects, 586
effects, 581

neuropsychiatric effects, 582
pathophysiologic response, 582
platelet dysfunction, 581

[Alcohol]
treatments, 584
withdrawal syndrome, 584

ALI. See acute lung injury (ALI)
Allergies, 258, 633–641

future considerations, 640
prophylaxis, 640
treatment, 638–640

Allergies, medications, past medical
history, last ate/drank, events
leading up to (AMPLE), 149

ALPE. See Automatic Lung Parameter
Estimation (ALPE) system

ALS. See Advanced Life Support (ALS)
Ambulances

Civil War, 15
Europe, 20
radio system, 50
services, 20

American Academy of Neurology (AAN),
718

American Academy of Pediatrics (AAP)
emergency care facilities, 719

American Association for Surgery of
Trauma Liver Injury Scale, 314

American Association for Surgery of
Trauma Pancreatic Organ Injury
Scale, 314

American Association for Surgery of
Trauma Spleen Injury Scale, 312

American Association for Surgery of
Trauma Urologic Injury Scale, 315

American Burn Association (ABA), 654
burn center transfers, 654
triage criteria, 654

American Civil War. See Civil War
American College of Surgeons (ACS), 51

acidosis, 223
burn injury, 654
hemorrhage classification

system, 145
level 1 trauma center, 53
long-range transport, 127

American College of Surgeons
(ACS)-Committee on Trauma
(COT), 51

trauma center guidelines, 56, 256
American Society of Anesthesiologists

(ASA)
airway disruption schematics, 187
closed-head injury, 184
C-spine injury, 186
difficult airway algorithms, 181–182

trauma modification, 182–184
malpractice claims, 193
maxillary-facial trauma, 189
perioperative monitoring standards,

333, 335
Task Force, 181

American Society of Anesthesiologists
Difficult Airway (ASA DA)
Algorithm, 139, 181

airway
compression, 188–189
disruption, 185–187

cervical spine injury, 185, 186
intubation strategy, 188
maxillo-facial trauma, 188–189
modification for trauma, 182–184
principles, 181–182
traumatic brain injury, 184, 185

Amniotic fluid embolism (AFE), 523, 755

Amoxapine
seizures, 603

Amphetamines, 580
systemic effects, 580
derivatives, 580
side effects, 586

Amphibian toxins, 626
AMPLE. See allergies, medications, past

medical history, last ate/drank,
events leading up to (AMPLE)

Amputation, 560
replantation decisions, 561

Anabolic steroids
burn trauma, 675

Analgesia. See also patient-controlled
analgesia

development, 19
epidural, 492–493, 742
geriatric, 738
history through antiquity (1700s), 12
intravenous, 635–636

definitive airway management, 177
pediatric, 706
postoperative, 20, 378

Anaphylaxis, 633–641
clinical manifestations, 634
definition, 633
diagnosis, 638
lung injury, 634, 641
management, 638
mast cell-derived, 634
pathophysiology, 633–634
triggers, 635–637

Anatomical Profile, 63–64
Ancient Greece

history medicine, 3
Andy Gump fracture, 420
Anemia, 327

dilutional
initial circulation assessment, 243

vs. hemoconcentration
burn injuries, 669

Anesthesia. See also inhalation anesthesia;
regional anesthesia

applications, 12
cardiovascular system responses, 19
Civil War, 14
discovery, 12
dose-dependency, 375
drug selection, 380
extremity, 569
fetus, 761
GCS, 441
general, 365–380

vs. regional, 333
head injuries, 441
hemodynamics, 509
induction drugs, 636
intoxication, 583
intracranial procedures, 376
intraocular pressure, 425
intravenous, 17, 444
local, 177, 636
mesmerism, 12
monitoring, 21, 333–345
motor-evoked potentials, 512
needle insertion, 393
open drop administration, 14
painting first success, 13
patient transport, 378
pediatric, 717
physical properties, 374
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[Anesthesia. See also inhalation anesthesia;
regional anesthesia]

postoperative, 569
regional techniques, 385–403
somatosensory-evoked potentials, 508
teratogenicity, 758
volatile, 375

Anesthesia Crisis Resource Management
(ACRM), 107

Aneurysm
intracranial, 807

Angiography
neck explorations, 453
pelvic vascular hemorrhage, 546
surgical intensive care unit, 411

Angiotensin converting enzyme (ACE), 235
Animal bites, 619
Animal-derived toxic ingestions, 606
Animal toxins

sites of action, 620
Ankle brachial indices (ABIs), 555
Ankle nerve blockade, 400
Anoxia

cerebral
near-drowning, 692

Anthrax, 765, 767–768
cutaneous, 769

Antibiotics, 637
abdominal injuries, 526
burn injuries, 673
history, 17
maxillofacial injuries, 429

Anticholinergics, 373, 593
intoxication, 604

Anticholinesterase drugs, 607
Anticoagulation, 343

obstetric, 759
Antihistamines

allergy/anaphylaxis, 639
toxicity, 602

Anti-inflammatory drugs, 512
administration, 513

Antimicrobials, 567
Antimony, 609
Antimuscarinic syndrome, 604
Anti-platelets, 343
Antivenin crotalida polyvalent (ACP), 623,

625
Aorta, 406

abdominal, 408
damage control, 406
diagnostic imaging, 303
occlusion, 436

Aortocaval syndrome
obstetric, 747

APACHE. See acute physiology and chronic
health evaluation (APACHE)

Apnea
arterial saturation during, 156
difficult trauma airway, 168

Apoptosis
definition, 216
spinal cord injury, 502

Aprotinin, 637
APSC. See acute physiology score for

children (APSC)
Arachidonic acid metabolites

frostbite, 809
Arcagathus, 4
ARDS. See adult respiratory distress

syndrome (ARDS)
Aristotle, 4

Arms. See extremities
Arrhythmias

treatment, 579
Arsenic, 609
Arterial blood gas (ABG), 49

advantages in obtaining, 148
analysis, 152
continuous analysis, 346

Arteries
cannulation, 339
hematomas, 536
hypotension, 385
line, 210
pelvic trauma, 535
pressure, 668, 735
radiographic vascular imaging, 571

Arteriography
penetrating neck trauma, 451

ASA. See American Society of
Anesthesiologists (ASA)

ASA DA. See American Society of
Anesthesiologists Difficult Airway
(ASA DA) Algorithm

ASCOT. See A Severity Characterization of
Trauma (ASCOT)

A Severity Characterization of Trauma
(ASCOT), 65

blunt trauma, 66
penetrating trauma, 66
survival calculation, 65
TRISS comparison, 66

Asphyxia
traumatic, 483

Aspiration
gastric contents, 192
pneumonia, 426
precautions, 137
preoperative evaluation, 330

Aspirin (salicylate)
overdose, 602

ASPTS. See age-specific pediatric trauma
score (ASPTS)

Asymptomatic casualties, 76
ATLSw. See Advanced Trauma Life

Supportw (ATLSw)
ATN. See acute tubular necrosis (ATN)
Atriocaval shunt

abdominal trauma, 527
central intravenous access, 209
incision placement, 209

Auditory evoked potential index, 345
Auscultation, 141
Auto-injectors, 639
Automatic Crash Notification technology

EMS response time, 131
Automatic Lung Parameter Estimation

(ALPE) system, 344
Automobiles. See motor vehicle collision

(MVC)
Autonomic effects

various organs, 595
Autonomic hyperreflexia

chronic spinal cord injury, 505
local anesthesia, 505

Autonomic nervous system, 592
Autonomic syndromes

poisoning/toxic exposure, 592
Autonomic thermoregulatory response

thresholds, 798
Autotransfusion

devices, 529
emergency, 207

Avulsion fracture, 547
Avulsion injury

repair considerations, 560
Awake

cervical spine, 286–288
endotracheal tube placement

in cervical and thoracic vertebral
injuries, 506

FOB intubation, 461, 466, 524
intubation technique, 194
positioning for cervical and thoracic

vertebral injuries, 506
techniques for difficult trauma airway

management, 167
Axial spine, 133
Axillary block, 392, 393
Axillary nerve injury, 557

Bag-valve-mask (BVM) ventilation, 48, 84,
135, 137, 366

Bainton pharyngolaryngoscope,
171, 172

Balance impairment with
aging, 732

Barotrauma, 427
BAS. See Battalion Aid Stations (BAS)
Basic Life Support (BLS), 148
Battalion Aid Stations (BAS), 96
Battle casualties, 128–130
BCI. See blunt cardiac injury (BCI)
Bees, 628
Belladonna alkaloids, 373
Belmont Fluid Management System Rapid

Infuser, 206
Ben Taub group, 840
Benumof, Jonathan L., 181
Benzodiazepines, 576, 636

diazepam, 777
physical dependence, 576

Bicycle injuries, 35
medical treatment sought, 37

Bier block, 395
side effects, 395

Bile duct, 313
Biobrane

synthetic skin replacement, 647
Biochemical markers

resuscitation, 356–357
Biological agents, 765–784

decontamination
critical care units, 789
future considerations, 789
triage, 789
weapons of mass destruction, 788

infection control measures, 769
information on web sites, 790
portal entry, 765

Biological warfare agent-release
(BWA-release), 75

Biomechanical forces, 26–31
BIS. See bispectral index (BIS)
Bispectral index (BIS), 335

clinical correlation, 336
Bites, 619

extremity, 563
snake, 623–624
spider, 628

Black Death, 8
Black widow spider, 627–628
Bladder

catheterization, 539
rupture, 546
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Blast injuries, 426, 476
biomechanical forces generated, 30
improvised explosive device (IED), 30, 31
patient transport, 124

Bleeding. See also hemorrhage
ACS classification system, 145
fluid resuscitation, 222, 229
heart, 406
intraperitoneal vs. retroperitoneal, 544
kidney, 408
liver, 407
long bone compartments, 222
lung, 406
pelvic fracture, 548
resuscitation suite, 145–148
retroperitoneum, 222
spleen, 407
trauma sources, 543

Blind nasal intubation, 173–174
Blister agents, 600, 778–782
Blood

cardiothoracic trauma, 485
conservation methods, 667
gas analysis, 239, 346
glucose management, 439
hemoglobin

noninvasive measurement, 345
loss, 342
monitoring, 462
products, 221, 225
rapid transfusion, 225
replacement, 667
rewarming, 414
substitutes, 226
uterus, 747
viscosity, 199

Blood bank
trauma resuscitation suite, 91

Blood pressure, 147
continuous noninvasive monitoring, 345
cerebral perfusion pressure (CPP) effect

on, 438
fluid resuscitation, 227
geriatric, 741
head injuries, 437–438
management, 443
shock prevention, 236

Blowout fractures
external pressure, 422

BLS. See Basic Life Support (BLS)
Blunt cardiac injury (BCI)

compression chest, 470
development cardiac complications

associated with, 478
diagnostic methods, 479
surgery evaluation, 479

Blunt injuries
biomechanical forces generated, 26–27
cardiac, 478
cardiothoracic, 469
maxillofacial, 418
pancreas, 522
vs. penetrating injuries, 360
thoracic, 249

Blunt trauma
abdomen, 309, 518

associated injuries, 312
diaphragmatic rupture, 523
frequency of, 518

altered mental status, 529
biomechanical factors, 26
chest, 470, 475, 480, 484

[Blunt trauma]
colon injuries, 522
esophagus rupture, 484
face, 427
Le Fort fractures, 419
missed injuries, 840
MRI, 481
vital signs, 252

Boats
trauma patient transport, 117

Body heat
redistribution, 798

Body surface area (BSA) burned, 331, 657
Botulism toxin (Botox), 629, 774
Bowels

decontamination, 593
injury frequency, 522

Brachial plexus, 389
anatomy, 389, 390
biceps twitch, 392
blockade, 391, 392
formation, 389

Brain
degree trauma, 298
diagnostic imaging, 297–298
emergency anesthesia administration, 438
GABA, 597
near-drowning, 687
traumatic injury, 433–443

Brainstem death
pediatric, 718

Brambilla, Giovanni Alessandro, 10
Breathing, 48

acute spine injury, 503
assessment and maintenance in

resuscitation suite, 140–143
cardiothoracic trauma, 472–476
general anesthesia, 365
geriatric, 733–734
head injuries, 433
obstetric, 750
pediatric, 703

British Trauma Society, 288
Bronchoconstriction, 775
Bronchodilators, 371, 381
Bronchoscopy

fiberoptic
definitive airway management,

175–180
maxillofacial injuries, 429

penetrating neck trauma, 452
problems with secretions, 180
rigid

difficult trauma airway, 170
Bronchus, 330
Brooke Army formula, 664
Brown recluse, 628
Brown recluse spider

envenomation, 628
Bubonic plague, 770
Bullard laryngoscope

maxillofacial injuries, 429
Burns, 645–678

airway management, 656–663
antibiotics, 673
beds, 677
body surface area (BSA), 331
centers

pain management, 675
patient criteria for transfer, 679

chemical, 653–654
classification, 648–654, 651

[Burns]
contact, 651
cross sections, 650
death, 648
depressed cardiac function, 665
depth, 649
edema, 655
EEG, 668
electrical, 651–652
extubation, 663
fires, 37
fluid resuscitation, 663–665
future considerations, 678
geriatric, 736
grafting, 673
history, 645, 645–646
immune system, 656
infections, 674
inflammation, 655
initial resuscitation, 656, 664
intubation, 658
lactate levels analyzed, 666
long-range transport, 127
mechanical ventilation, 658
mechanism of injury, 649
nasojejunal feeding, 647
nutritional support, 674
obstetric, 755
operating room and anesthesia, 666–669
pain, 675–677, 680
Parkland formula, 664
pathophysiology, 654–655
phases of care, 646
postburn period, 665
preoperative evaluation, 331
rehabilitation, 677
resuscitation, 647
shock protective strategies, 678
skin grafting, 673
skin-related injuries, 652
stress hormones, 675
surface area calculations, 657
surgical debridement, 670–672
temperature regulation, 668
tissue-engineering techniques, 678
tissue injury, 653
tissue protective strategies, 678
urine output, 666

Burst fractures, 278
cervical spine, 302

BVM. See bag-valve-mask (BVM) ventilation
BWA. See biological warfare agent-release

(BWA-release)

CA. See chemical agents (CA)
California bat ray, 626, 627
Canadian Cervical Spine Rule Study, 287,

288
Canadian prehospital trauma care staffing

models, 43
Cannabis sativa, 575
Capnography, 337

shock prevention, 238
Capsicum oleresin, 600
Carbamate toxicity, 607
Carbon dioxide

adsorbent toxicity, 598
head injuries, 440
pediatric, 703

Carbon monoxide, 331, 659–661
burn injuries, 657
clinical symptoms, 659
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Carboxyhemoglobin, 660
Cardiac. See heart
Cardiac tamponade, 253, 476

complications, 478
pathophysiology, 477
preload zone, 824
rapid treatment, 478
severity determined by, 476
thoracotomy, 477

Cardiopulmonary arrest
APLS, 719
resuscitative thoracotomy for, 248–250

Cardiopulmonary bypass (CPB)
heat loss mechanisms, 796
obstetric, 752

Cardiopulmonary resuscitation (CPR), 236,
252, 803

drowning, 687
fetal effects drugs, 753
maternal effects drugs, 753
pregnancy, 750
pregnant patients, 523
therapeutic hypothermia, 807

Cardiothoracic trauma, 469–495
advantages, 481
anesthesia, 484–487
breathing, 472–476
chest x-ray, 471
circulation, 476–479
disadvantages, 481
future considerations, 495
hemorrhagic shock treatment association,

476
incidence, 469
monitoring, 490–491
mortality rates, 469
one-lung ventilation, 487–489
pain management, 491–493
pathophysiology, 469–470
perioperative assessment and

management, 470–471
postoperative, 493–494
respiratory effects, 470
tracheal intubation indications, 472

Cardiovascular system
age, 730
heat stroke, 810
hypothermia, 801
intoxication, 582
ischemia response, 217
obstetric, 747

Carotid artery
intraoperative management objectives,

463
mortality rate, 456
neurologic deficit, 457
penetrating neck trauma, 456, 463

Casts
immobilization of extremity

injuries, 556
long-range transport, 126

Casualties
contaminated

long-range transport, 128
Casualty evacuation, 128
Catastrophic central nervous system (CCS)

injuries, 47
Cat bites, 619
Catecholamines

preinduction increase, 192
Cathartics

with charcoal, 594

Catheters
flow rate increasing infusion

pressure, 199
infection, 202, 211
insertion studies, 210

Caustic chemical related injury
biomechanical forces generated, 30

CCATT. See critical care air transport teams
(CCATT)

CCCPR. See closed chest cardiopulmonary
resuscitation (CCCPR)

CCM. See critical care medicine
(CCM)-trained paramedic

CCS. See catastrophic central nervous
system (CCS) injuries

CCU. See coronary care units (CCU)
CEA. See cultured epidermal autografts

(CEA)
Cellulitis

diabetic foot, 568, 571
extremity, 565
skin breaks, 565

Celsus, Aulus Cornelius, 5
Central European prehospital trauma care

staffing models, 43
Central intravenous access, 200–204

complications, 200
Central nervous system (CNS)

age, 729
bleeding, 527
burn injuries, 657
CPP, 368
intoxication, 582
ischemia response, 218
toxicity, 599

Central venous catheters (CVC), 94
complications, 339
initial circulation assessment and shock

prevention, 240
limitations, 197

Central venous pressure (CVP), 220
catheter, 240
diagnosis, 741
fluid resuscitation, 227
value, 358

Cerebral anoxia
near-drowning, 692

Cerebral autoregulation
oxygen dynamics maintenance, 360

Cerebral oxygen saturation
measurement, 359

Cerebral perfusion, 229
brain deterioration, 439

Cerebral perfusion pressure (CPP), 236
autoregulation, 438
prevention secondary ischemic insults,

438
Cerebral resuscitation

near infrared spectroscopy (NIRS), 361
CERT. See community emergency response

team (CERT)
Cervical spinal cord

penetrating neck trauma, 463
Cervical spine (C-Spine), 138, 150, 424. See

also vertebral spine
Advanced Trauma Life Supportw (ATLSw)

screening approach, 279
airway, 185
anterior-posterior (AP) radiographic

view, 278, 283, 283
anteroposterior, 294
axial computed tomography (CT), 285

[Cervical spine (C-spine)]
bimodal distributions, 501
classification, 272
coronal reformation, 278
cross table lateral radiographic view,

280–282
CT, 284

comparison, 285
diagnostic imaging, 301
difficult intubation, 185, 186
extension, 276
flexion-extension lateral radiographic

view, 283
high risk activities, 278
high risk injuries, 279
initial evaluation and management,

267–289
airway management, 185, 186, 285
anatomy, 268–269
bony elements, 269
epidemiology, 267
future considerations, 289
history and physical exam,

278–279
injuries, 270–277
ligamentous support, 269
management, 286–288
radiographic evaluation, 279–285

intubation principles, 185, 186, 286
lateral radiographs, 268, 276, 277
lateral view, 282
ligamentous disruption, 271
manual in-line immobilization, 137
MRI, 274, 284, 285

comparison, 285
oblique radiographic view, 283
open mouth odontoid radiographic view,

283
pediatric, 710
penetrating neck trauma, 462
posterior radiograph, 283
preoperative evaluation, 330
prevertebral space differences, 282
restraint devices, 280
sagittal reformation CT, 274, 285
screening guidelines, 281
stabilization devices, 138
surgery

anesthesia maintenance, 508
blood loss, 508
technique comparisons of, 507

surgery monitoring, 507
swimmers radiographic view, 283
swimming, 501
uncertainty with head injuries, 433
vertical compression, 277

Cesarean section
perimortem, 752

C-5 Galaxy, 131
Chain, Ernst, 18
Chance fractures, 278–279
Charcoal

toxic substances, 596
Chemical agents (CA), 774–738

characterization, 76
clinical effects, 76
decontamination, 786
release, 76–77
toxicity comparison, 778
victims, 77

Chemical burns, 653–654
C-130 Hercules, 129–130
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Chest, 470, 841
anterior-posterior (AP) chest radiograph,

303
bleeding

fluid resuscitation, 222
blunt trauma, 470, 484
breathing assessment, 472
computed tomography (CT), 481, 483
damage control, 406
diagnostic imaging, 303–308
examination

secondary survey, 260
geriatric, 736
neck veins assessment, 476
obstetric, 754–755
preoperative evaluation, 330
radiographs, 689
trauma deaths, 469
vascular injuries, 480

Chilblains, 809
Children. See also pediatric trauma

abuse, 37, 318, 707
imaging findings, 319
sexual, 708

gastric distention, 703
hypothermia prevention, 720
long bone

diagnostic imaging, 318
spine

diagnostic imaging, 318
transportation, 700
unintentional injuries, 36

Chin-lift/jaw-thrust, 136
Chlorinated hydrocarbon insecticides, 608
Chlorine gas

inhalation hazard, 599
water reaction, 599

Cholinesterase inhibition
clinical effects, 608

Chronic alcohol abuse sequale, 583
Chronic spinal cord injury, 505–506
Ciguatera poisoning, 607
Circulation, 48. See also Initial circulation

assessment and shock prevention
acute spine injury, 503
assessment

resuscitation suite, 145–148
general anesthesia, 366
geriatric, 735
head injuries, 433
obstetric, 750
pediatric, 704

Circulatory arrest
deep hypothermic, 807

Civilian mass casualty, 74
Civil War

ambulance, 15
anesthesia, 14
battle injury treatment, 15
inhalation anesthesia epoch, 14

Class A biological agents summary, 768
Classical heat stroke, 810
Clay-Shoveler’s fracture, 274
Clonidine

toxic exposure, 593
Closed chest cardiopulmonary resuscitation

(CCCPR), 248
Clostridium botulinum, 774
Clotting abnormalities

resuscitation, 355
Clover bag anesthesia, 20
CN. See contortrostatin (CN)

CNS. See central nervous system (CNS)
Coagulopathy, 414

abbreviated surgical procedure, 832
burn injuries, 669
damage control situation, 411
dilutional

initial circulation assessment, 243
surgical intensive care unit, 411

Cocaine, 577–578
clinical effects, 578
GABA treatment, 579
organ system effects, 579
organ toxicity, 578
usage, 578

Cockpit Resource Management
(CRM), 107

Collapsed self-inflating bulbs, 192
Collisions

motor vehicle, 35
Colloids

vs. crystalloids
fluid resuscitation, 224

fluid resuscitation, 223
head injuries, 439
oxygen transport, 223

Colophone, Al-Razi, 7
Combat MEDEVAC

long-range transport, 128–129
Combat support hospital (CSH), 97
Combustion gases

toxicity, 598
Comminuted pilon fracture, 557
Communication

interpersonal
trauma environment, 105

on-scene, 46
Community emergency response team

(CERT), 68
Compartment syndrome, 625

external compression, 564
extremity, 564
long-range transport, 126
recognition, 564

Compensated shock, 244
Complete resuscitation

definition, 353
Complex multi-system injury

specialist consultants, 261
Comprehensive Regional Pediatric Center

(CRPC), 719
Computerized drug delivery system, 87
Concurrent resuscitation, 836
Conduction, 796
Confusion

hypotension, 245
Congenital abnormalities, 34
Consultants, 260
Contact burns, 651
Contaminated casualties

long-range transport, 128
outgassing, 128

Continuous arterial blood gas analysis, 346
Continuous noninvasive blood pressure

monitoring, 345
Continuous oxygen flow atomizer, 177
Continuous perineural catheters

analgesic effects, 402
Continuous pulse oximetry

oxygenation status monitoring, 609
Contortrostatin (CN), 629
Contrast fluoroscopy

evaluation penetrating neck injuries, 452

Contrast toxicity
diagnostic imaging, 294

Convection, 796
Convective heat loss, 797
Cooling therapies, 811, 813
Copperheads

venom toxicity, 621
Coracoid technique, 392
Coral snake

treatment, 623
ventilatory failure, 622

Coronary care units (CCU), 122
Cortical somatosensory-evoke potentials

anterior fusion, 510
Corticosteroids, 640
CPB. See cardiopulmonary bypass (CPB)
CPP. See cerebral perfusion pressure (CPP)
CPR. See cardiopulmonary resuscitation

(CPR)
Craniotomy

intracranial pressure monitoring, 435
Cricoid pressure, 137

laryngeal manipulation, 166
manual in-line cervical immobilization,

139
Cricothyroidectomy

definition, 173
maxillofacial injuries, 429
percutaneous needle, 139
surgical, 139, 173

Cricothyroidectomy tube
Seldinger technique, 172–173

Cricothyroid membrane, 172
TTJV technique, 171

Critical care air transport teams (CCATT),
116

Critical care medicine (CCM)-trained
paramedic, 45

Critical care units
biological agents decontamination, 789
team report

general anesthesia, 379
CRM. See Cockpit Resource Management

(CRM)
Crotalidae, 622
CRPC. See Comprehensive Regional

Pediatric Center (CRPC)
Crush injuries

extremity, 561–562
surgical repair, 570

Crystalloids
vs. albumin, 224
vs. colloids

fluid resuscitation, 224
composition, 223
fluid resuscitation, 222
hypertonic

head injuries, 439
CSH. See combat support hospital (CSH)
C-Spine. See also cervical spine

airway management, 185–186, 285–286,
503, 506–507

bony elements, 289
CT scanning, 294
imaging, 279
patient treatment options, 185
radiographic evaluation, 300
sniffing position, 162, 194
symptoms, 319
unstable neck, 192

C-141 starlifter, 129, 131
Cultured epidermal autografts (CEA), 673
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Cutaneous anthrax, 769
CVC. See central venous catheters (CVC)
CVP. See central venous pressure (CVP)
Cyanide, 599, 778

antidotes, 784
history, 783
poisoning, 784
toxicity, 599, 613, 784

Cyanogen chloride, 778

DALYs. See disability-adjusted life years
(DALYs)

Damage control, 405–414
abbreviated surgery, 409
avoiding complications associated with,

414
criticism, 413
cumulative experience, 413
definition, 405
future considerations, 414
indications, 406
lethal triad death, 409
long-range transport, 127
patient control, 132
patient selection, 405
reoperation, 412
stages, 405–411
surgery

angioembolization, 408
hemorrhagic shock, 147
missed injuries, 415
phases of, 527
temporary closure methods, 409

surgical laparotomy, 147
Dantrolene, 778
Dark and Middle Ages (200–1500), 6–7
Data base organizations and coding, 34
Death

global causes 2000, 26
scope, 33
US leading causes 2002, 27

Decision making
expert, 105
incomplete/conflicting data, 105

Decompensated shock, 823
Decompression sickness

barometric pressure, 126
long-range transport, 126

Decontamination
biologic agents, 788, 789
bowel, 593
chemical agents, 786
external, 596
poisoning/toxic exposure, 593–594

Deep hypothermic circulatory arrest
(DHCA), 807

Deep venous thrombosis (DVT), 318, 495,
527, 669, 741

Delirium
geriatric, 742

Demographic factors, 34
Dentures

airway obstruction, 733
Dexmedetomidine, 636
Dextrans

fluid resuscitation, 224
Diagnostic imaging, 293–319

future considerations, 319
initial screening, 294–296
radiation exposure, 293–294
special pathological conditions,

297–319

Diagnostic laparoscopy, 521
abdominal trauma, 521

Diagnostic peritoneal lavage (DPL), 222
abdominal trauma, 312, 521
indications for, 521

Diaphragm, 482, 483
anesthesia, 523
diagnostic imaging, 307
rupture, 142, 310

DIC. See disseminated intravascular
coagulation (DIC)

Difficult airway
algorithms, 181–188
American Society of Anesthesiologists

(ASA) algorithms, 181–182
trauma modification, 183

blind intubation techniques, 173–175
definition, 159–160
definitive airway management,

167–175
pediatric, 701
regional anesthesia, 175

Difficult intubation, 185–187
anatomic predictors, 160
cardiothoracic trauma, 489
definition, 159

Difficult-to-close abdomen, 412
Diffuse injury score, 297
Digoxin, 219

toxicity, 602
Dilantin, 219
Dilaudid

burn patients, 676
Dilutional anemia

initial circulation assessment, 243
Dilutional coagulopathy

initial circulation assessment, 243
Direct laryngoscopy, 159
Direct tracheal intubation

open neck wounds, 188
Disability

acute spine injury, 504
adjusted life years, 33
assessment, 327
general anesthesia, 366
geriatric, 735
obstetric, 750
pediatric, 705
resuscitation suite, 148–150

Disability-adjusted life years (DALYs), 33
Disaster

long-range transport, 128
medical assistance teams, 67

Disaster medical assistance team (DMAT),
67–68

Dislocations. See also Shoulder
dislocations

extremity, 557
Dispatch, 46
Disseminated intravascular coagulation

(DIC), 343, 523, 756
brain tissue thromboplastin, 554
liver damage, 811
respiratory failure, 770

DLT. See double-lumen tube (DLT)
DMAT. See Disaster medical assistance

team (DMAT)
Dobutamine, 95
Dog bites, 619
Domesticated animal bites, 619
Domestic violence, 320
Dopamine, 95

Dopamine receptors
neuroleptic malignant syndrome (NMS),

814–816
Double-lumen tube (DLT), 506, 507
Drowning, 35. See also Near-drowning

definition, 685
fatalities, 685
home prevention efforts, 695
noninvasive ventilation techniques, 691
oxygen reduction, 692
pool fencing, 695
rescue’s primary focus, 688
sea water, 686

Drug abuse, 575–580
future considerations, 585
management, 585

Drug intoxication
general anesthesia, 367

Drug screening
chromatography techniques, 585

Dumas, Jean Baptiste, 13
DVT. See deep venous thrombosis (DVT)
Dysfunctional interpersonal interactions,

105

Early civilizations (3000 BC–200 AD), 2–5
Egyptians, 2
Greeks, 3
Romans, 4

Early resuscitation
goals, 227
late resuscitation distinction, 228
vs. operating room, 228

Ears, 426
East Association for Surgery of Trauma

(EAST), 288
Ebers Papyrus, 3
ECG. See electrocardiogram (ECG)
Echinacea, 610
Echocardiography

transesophageal
cardiothoracic trauma, 491
fluid resuscitation, 227
resuscitation, 359

ECLS. See extracorporeal life support (ECLS)
ECMO. See extracorporeal membrane

oxygenation (ECMO)
Ecstasy (MDMA, N-methyl-3,4-

methylenedioxymethamphetamine),
580–581

deaths associated with, 581
EDD. See esophageal detector device (EDD)
Elapidae, 622
Elbow

anteroposterior radiograph, 716
block, 393
dislocation, 557
nerve blockades, 393, 394
radial nerve blockade, 394
ulnar nerve block, 394

Elderly, 730. See also geriatric trauma
abuse, 737
clinical pharmacology, 739
comorbidity conditions, 734
decrease in muscular strength, 732
fluid resuscitation, 228
gerontologists, 744
heat stroke, 810
hemodynamic considerations, 825
hypoxemia, 740
injury pitfalls, 825
intracranial hemorrhage (ICH), 736
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[Elderly. See also geriatric trauma]
lateral cervical spine radiograph, 733
optimal management, 744
physical management, 739
physical therapy, 743
syncope, 732
TBI mortality, 745
TEA, 736
therapeutic pitfalls, 825
trauma care, 743

Electrical burns, 651–652
Electrocardiogram (ECG), 84, 341
Electrolytes

initial circulation assessment, 243
obstetric, 748

11 Step Airway Exam of Benumof, 161
Embolism

air, 475
long-range transport, 126
venous, 463

amniotic fluid, 523, 755
obstetric, 755

Emergency autotransfusion, 207
Emergency cricothyroidectomy

pediatric trauma, 702
Emergency medical service (EMS), 20

dispatch system, 54
emergence, 20
near-drowning, 688–690
US, 115
widespread publicity, 21

Emergency medical technician
(EMT), 45

Emergency surgery
surgical intensive care unit, 411
unstable spine, 506

Emergency thoracotomy, 479–481
Emphysema

subcutaneous, 141
EMS. See emergency medical service (EMS)
EMT. See emergency medical technician

(EMT)
Endocrine function

age, 731
End-organ perfusion

fluid resuscitation, 227
Endotracheal tube (ETT), 124

administration techniques, 427
awake, 506
definitive airway management, 158
double-lumen, 483
extubation, 377
intravenous anesthetic drugs, 368
neonatal, 701
skin burn patients, 667

End tidal CO2

measurement, 191
resuscitation, 359

Enteral nutrition
geriatric, 736

Entrance wound
definition, 843

Environmental factors
acute spine injury, 505
general anesthesia, 366
geriatric, 735
pediatric, 705
trauma environment, 105

Ephedra, 610
Epidural analgesia, 484

cardiothoracic trauma, 492–493
geriatric, 742

Epidural hematoma, 297
CT, 298

Epinephrine, 641
adrenal medulla, 592
allergy/anaphylaxis, 638
anaphylaxis, 639
dosage, 639

EpiPen, 639
Epistropheus, 269
Erasistratos, 4
Esophageal detector device (EDD), 159, 365
Esophageal-tracheal-combitube (ETC), 48

difficult trauma airway, 168
Esophagoscopy, 452, 484

penetrating neck trauma, 451, 452
Esophagus, 466

diagnostic imaging, 307
identification, 458–459
repair, 459
rupture, 484
unrecognized intubation, 191

Ethanol, 608
intoxication, 608
neurological depression, 581
toxic ingestion, 592
withdrawals from, 584

Ether, 13
Mexican War 1845, 13
public demonstration, 22

Ethylene glycol, 608
Etomidate, 368

anesthesia induction, 636
cardiovascular system effects, 369
myocardial depression, 192
respiratory system, 369
rapid sequence intubation (RSI), 86
trauma induction areas, 95

ETT. See endotracheal tube (ETT)
Europe, 520
Evaporation, 796
Exit wound

definition, 843
Expert decision making, 105
Exploratory laparotomy, 522, 527
Exposure

acute spine injury, 505
geriatric, 735
obstetric, 750
pediatric, 705

External decontamination
poisoning/toxic exposure, 596

Extracorporeal life support (ECLS)
patient transport, 116

Extracorporeal membrane oxygenation
(ECMO), 754

obstetric, 754
Extrajunctional acetylcholine receptors, 372
Extremities, 553–571

anatomy, 317
anesthesia, 569–570
complications, 317
damage control, 408–409
diagnostic imaging, 317
examination, 260
full thickness burns, 663
future considerations, 570
geriatric, 736
initial evaluation and stabilization,

553–556
injuries

acute care, 556
anesthetic techniques, 569

[Extremities]
lower

anatomy, 395
open fractures, 557
preoperative evaluation, 331
treatment, 556–563
venous injuries

damage control assessment, 409
Extremity trauma

classic surgical approaches, 570
compartment syndrome management,

553
compartment syndrome

treatment, 553
gunshot wound (GSW), 556
improvised explosive device (IED), 561
injury, 563
limb salvage from amputation, 561
opioid administration, 570
patient with shock, 555
packed red blood cells (PRBCs), 555
secondary survery (SS), 554

Extrinsic airway compression
life threatening, 188

Extubation, 377
based on patient’s clinical status, 464
burn injuries, 663

Eye trauma, 424
Birmingham terminology, 425

Face
anatomy, 418
blunt trauma, 427
pediatric, 710

Facet dislocation, 273, 283
axial CT, 284
trauma oblique views, 284

Facet fractures
occurrences, 276

Facial bones
forces required to break, 420
separated, 420

Facial burns, 658
Facial edema, 662
Facial features

patterns, 430
Facial fracture repair

intracranial pressure (ICP), 424
Facial fractures

CT scanning, 427
cyclists, 419
nasal passage, 423
antibiotics for, 429

Facial injuries
airbags, unforeseen effects of, 429
airway patency assessment, 427
soft tissue movement, 428

Facial nerve electromyography, 335
Facial trauma

patients, 136
Failure to intubate or ventilate, 190
Falls, 35
False attribution, 821
False labeling, 821
False negative prediction, 821
Family

pediatric, 719
tertiary survey, 843

Fascia iliaca block, 397
Fascial closure

factors that prevent, 413
Fascial necrosis, 566
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FAST. See focused assessment with
sonography for trauma (FAST)

Fatal injuries
mortality rate, 33

Fatal injury
global distributions, 28

Fatigue
trauma environment, 104

Febrile conditions
differential diagnosis, 815

Femoral head fracture, 559
Femoral neck fractures

avascular necrosis risk, 556
Femoral nerve block, 396
Femoral vein anatomy, 204
Femoral vein catheterization

central intravenous access, 204
disadvantages, 204

Fentanyl
burn ICU, 676
maintenance anesthesia, 95

Fetal death
causes, 751

Fetal evaluation
anesthesia, 757

Fetal heart rate
monitoring, 344

Fetus
death, 756
evaluation, 751
monitoring, 344

FFP. See fresh frozen plasma (FFP) infusion
Fiberoptic bronchoscopy (FOB), 136

causes intubation failure, 175
definitive airway management, 175–180
difficulty in removing, 180
ETT schematic, 179
maxillofacial injuries, 429
swollen airway, 679
techniques, 155
tracheal wound exit, 455
view, 179

Fiberoptic intubation
definitive airway management, 178

Field stabilization
evidence, 47

First airway, breathing, and circulation
(ABC), then intracranial pressure
(ICP) in management of TBI, 433

First cervical vertebra, 269
Fixed-wing transport

trauma patient transport, 117
Flail chest, 143, 474

diagnosis, 474
indications for mechanical

ventilation, 475
indications for tracheal intubation, 475
pathophysiologic effects, 474
patient pain control, 474
right-sided, 143

Flame burns, 651
Flash burns, 30, 651
Fleming, Alexander, 17
Flexible-tipped nasotracheal tube, 174
Flexion injuries

cervical spine, 272–275
Flexion rotation

cervical spine, 276
Flexion teardrop fractures, 273, 283, 289
Fluids

cardiothoracic trauma, 485
management

[Fluids
management]

cerebral edema brain, 443
geriatric, 733
head injuries, 439
principles, 440, 443

obstetric, 748
replacement

body temperature monitoring, 539
burn injuries, 667

resuscitation
exsanguinating hemorrhage, 211
laboratory studies, 220
personnel, 221
responses, 243
U.S. military guidelines, 225

resuscitation strategy, 215–232
advances, 215
controversies, 215
early resuscitation controversies, 228
early vs. late, 215
fluid choices, 222–227
future considerations, 229
guideposts and endpoints, 227
hemorrhage physiology, 215–216
management, 219–221
organ system response to ischemia,

217–219
special cases, 228

Fluid therapy epoch (1950), 18
Flumazenil, 576
Fluoroscopy-esophagogram

penetrating neck trauma, 451
Flying ambulance, 2
FOB. See fiberoptic bronchoscopy (FOB)
Focused assessment with sonography for

trauma (FAST), 91, 238, 296, 310
free fluid, 520
left thoracic views, 311
pericardial scanning, 144

Foley balloon catheter, 405
Food

hypersensitivity, 637
poisoning, 604–606

Force air-warming device, 805
Forward looking infrared (FLIR) system

transport navigation, 129
Forward resuscitative surgical system

(FRSS), 97, 129
Forward surgical team (FST), 50, 96, 97, 129
Forward surgical team (FST) tent, 96
Fournier’s Gangrene, 566
Fourth-degree burns, 649

compartment syndrome, 649
Fractures. See also acetabular fractures;

pelvis; specific type or area
blowout

external pressure of, 422
burst, 278
cervical spine, 270, 271
chance, 278–279
extremity, 556–557
nasoethmoidal, 421
rib, 305, 484
scapula, 484
skull, 421–422
sternum, 484

FRC. See functional residual capacity (FRC)
Fresh frozen plasma (FFP) infusion, 554
Freud, Sigmund, 16
Friendly-fire, 38
Fronto tempero parietal (FTP) contusions, 436

Frostbite, 807–809, 808
full thickness injury, 809
injuries

pathophysiology, 808
rewarming, 818

prehospital field care, 808
severity, 807
spectrum injuries, 807
tissue destruction, 809

FRSS. See forward resuscitative surgical
system (FRSS)

FST. See forward surgical team (FST)
FTP. See fronto tempero parietal (FTP)

contusions
Full stomach

aspiration pneumonia, 426
general anesthesia, 366

Full thickness wounds
split thickness skin grafts, 672

Functional residual capacity (FRC), 158

GABA. See gamma amino butyric acid
(GABA)

Gait
age-related changes, 732, 732

Galenus, Clarissimus, 5, 6
Gamma amino butyric acid (GABA), 576
Gamma radiation, 31
Garlic, 611
Gas gangrene, 567

surgical intervention, 567
types, 567

Gastric distention
babygram, 704

Gastric lavage
complications with, 593

Gastric tonometry, 227
resuscitation, 360

Gastrointestinal (GI) tract
contamination control, 407
heat stroke, 810
hypothermia, 802
ischemia response, 218
mucosa, 780
obstetric, 749
pediatric trauma, 713

GCS. See Glasgow Coma Scale (GCS)
Gelatins

fluid resuscitation, 224
Gender, 35
General anesthesia, 365–380

continued reassessment, 367
future, 379
induction, 367–374
intolerance, 373–374
maintenance, 374–377
postoperative planning, 377–378
preoxygenation, 367
transfer care, 378–379
transport, 378

Gene therapy, 512
Genitourinary system

pelvic trauma, 536
Geriatric trauma, 729–743

analgesia, 738
arterial changes, 731
comorbidity conditions, 734
future considerations, 743
hypertension definitions, 730
mechanisms of injury, 731
multi-system injuries, 745
perioperative management, 729, 739
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[Geriatric trauma]
physical abuse, 737
postanesthesia care unit, 740
postoperative analgesia, 742–743
prehospital, 732
rehabilitation, 743
secondary survey, 735–736

GI. See gastrointestinal (GI) tract
Gila monster, 626
Ginkgo, 611
Ginseng, 611
Gissane, William, 18
Gland injuries

penetrating neck trauma, 459
Glasgow Coma Scale (GCS), 48, 60, 61,

149, 434
anesthesia, 441
consciousness level, 259
hemorrhage, 145
injury severity score (ISS), 93
modifications, 61
neurological function assessment, 149
noncontrast CT scan, 329
patients with altered mental status, 836
PGCS, 149
PGCS comparisons, 64
prior to surgery, 377
traumatic brain injury (TBI), 433
trauma score (TS)

revised trauma score (RTS), 60
Global positioning system (GPS) device

emergency medical service (EMS)
response time, 131

Glossopharyngeal nerve block, 178
laryngoscopic devices, 178

Glucose
pediatric, 718

GPS. See global positioning system (GPS)
device

Grafts
extremity, 570

Great vessels
damage control, 406

Greenstick fracture, 714
Grief counseling

near-drowning, 693
Ground transport

custom-designed motor vehicle, 118
Ground travel

trauma patient transport, 117
Growth plate injuries

Salter Harris classification, 715
GSW. See gunshot wound (GSW)
Guedel, Arthur, 16
Gundishapur

education physicians, 7
Sassanid Empire, 7

Gunshot wound (GSW), 29
biomechanical forces generated, 29
extremity trauma, 556
survival rate, 253
urban trauma problems, 418

Gut injury, 231

Haddon matrix, 39
Halothane, 375
Halstead, William, 16
Hanaoka, Seishu, 12
Handheld portable thoracic

ultrasound, 336
Hand-inflated airbag

intravenous infusion, 206

Hangman’s fracture, 276, 282, 289, 302
subtypes, 282–283

Harvey, William, 9–10
Hazardous materials (HAZMAT), 72

secondary contamination risk, 597
Hb. See hemoglobin (Hb)
HCTA. See helical computerized graphic

angiography (HCTA)
Head injury, 424

clinical signs, 149
diagnostic imaging, 297
examination, 259
fluid resuscitation, 228
management during surgery and

perioperative period, 435–442
obstetric, 754
orthopedic operative procedures, 329
pediatric, 718
preoperative evaluation, 329
resuscitation, 433–434
severe injuries

cardiothoracic trauma, 495
trauma patients

nimodipine, 442
temperature effects, 442, 444

Health care
community knowledge teamwork, 109
interdisciplinary teams, 101

Heart. See also blunt cardiac injury (BCI);
cardiac tamponade

diagnostic imaging, 305
fluid resuscitation, 228
hemorrhage, 406
near-drowning, 687
output

noninvasive monitoring, 345
penetrating injury, 476–477
symptomatic ischemic disease, 730

Heart rate (HR)
tool for identifying ill patients, 146

Heat, 796
related illness

forms, 810
related injuries, 809

heat stroke, 817
transfer

mechanisms, 796
Heat stroke, 809–812

classical, 810
elderly people, 810
management, 813
pathophysiological mechanisms, 812
therapy, 811

Heavy metals, 609
Heimlich maneuver

near-drowning victims, 688
Helical computerized tomographic

angiography (HCTA), 447
evaluation penetrating neck trauma

patients, 451
Helical CT scanning

gold standard, 290
Helicopter Emergency Medical Service

(HEMS), 44
Helicopter transport

disaster scenarios, 118
Helodermatidae, 625
Hematocrit

initial circulation assessment and shock
prevention, 239

Hematological system, 235–244
clinical assessment, 235–238

[Hematological system]
future considerations, 244
heat stroke, 810
history, 235
hypothermia, 803
invasive monitors, 240–241
laboratory data, 239
massive resuscitation complications,

243
monitoring, 342
obstetric, 749
shock prevention, 241–242

Hematomas
adrenal, 314
arterial, 536
epidural, 297

CT, 298
mediastinal

diagnostic imaging, 303
subacute subdural, 298
subdural, 298
venous, 536

Hematopoetic system
ischemia response, 219

Hemlock toxicity, 605
Hemoconcentration

vs. anemia
burn injuries, 669

Hemodialysis
drugs removed by, 596
toxic exposure, 595

Hemodilution, 232
Hemodynamics

anesthesiologist, 509
instability

crystalloid administration, 520
monitoring, 338–340
stability, 145

Hemoglobin (Hb)
crystalloid resuscitation, 220
desaturation, 158
initial circulation assessment and shock

prevention, 239
noninvasive measurement, 345
oxygen carriers, 226
oxyhemoglobin dissociation, 226

Hemoperfusion
drugs removed by, 596
toxic exposure, 595

Hemopericardium, 310
Hemophilus influenzae, 527
Hemopneumothorax, 243
Hemorrhage. See also bleeding

alcohol, 235
control

damage control minimum, 407
CT, 312
drugs, 235
GCS, 145
shallow pulse, 145
trauma patients, 229, 366

arterial pressure, 219
Hemorrhagica fever viruses (HFV), 772

morbidity, 773
table, 773

Hemorrhagic shock
cardiac index, 238
definition, 215
identification, 147
models, 230
resuscitation formula

HSPTX effects, 231
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Hemothorax, 309
blunt trauma, 824
chest radiograph, 473
CT, 474
diagnostic imaging, 305
management, 473
massive, 142, 473
penetrating trauma, 474

HEMS. See Helicopter Emergency Medical
Service (HEMS)

Henderson-Hasselbach, 239
Hepatic bleeding, 211
Hepatic system

ischemia response, 218
Herbal medicines

perioperative implications, 610–611
self-administration, 611

Heroin
respiratory depression, 580

HFV. See hemorrhagica fever
viruses (HFV)

Hibernation
vs. apoptosis and necrosis, 216

High Middle Ages, 8
High-pressure injection injuries

extremity, 563
High thoracic

breathing adequacy, 503
High-voltage injuries, 653
Hip dislocation

MVC, 559
Hip dislocations

associated injuries with, 558
Hippocrates, 3, 417
Histamine

bronchoconstriction, 635
Histamine receptor subtypes, 635
Homicide, 37

socioeconomic status, 35
Homotetrameric ryanodine receptor, 814
Horner’s syndrome, 386
Hornets, 628
Hospitals

based trauma, 89
communication with field units, 46
fluid resuscitation, 54
trauma social worker, 719
unit contamination, 787

Hot zone
contamination levels, 72

HR. See heart rate (HR)
HS. See hypertonic saline (HS)
Huffing, 577
Human error, 821–822
Human skin

cross-section, 648
Hunter’s canal

extremity trauma, 553
Hurricane Katrina victims

evacuation, 119
rescue, 119

Hydrocarbons, 608
Hydrocyanic acid

Nazis, 783
Hydrogen sulfide, 379

research, 379
Hydromorphone (Dilaudid)

burn patients, 676
Hydrophidae, 624
Hymenoptera, 628

envenomation, 637
stings, 641

Hyperbaric oxygen
therapy, 661, 679

Hyperchloremic metabolic acidosis, 356
Hyperextension fracture dislocation, 277
Hyperextension injuries, 302
Hyperflexion injuries, 302
Hyperkalemia, 564
Hypersensitivity

food, 637
Hyperthermia

cocaine induced, 578
drugs, 816
future considerations, 817
malignant, 813
sunny environments, 505
toxins, 816

Hypertonic crystalloids
head injuries, 439

Hypertonic saline (HS), 92
fluid resuscitation, 225
trauma resuscitation regimen, 439

Hyperventilation
CBF changes with, 440
geriatric, 740
ICP control, 440
ICP decrease, 444
ICP reduction, 443
morbidity rates, 440
during a transport, 123

Hypocapnia
geriatric, 741

Hypoglycemia
acute alcohol abuse, 581
alcohol use, 582

Hypoperfusion
cellular physiology, 353–354
geriatric trauma, 735
near-drowning, 693

Hypoperfusion detection
physical exam, 356

Hypoperfusion severity
quantitation, 356

Hypoproteinemia
development, 655

Hypotension
anesthesia for patients, 524
arterial, 385
cardiothoracic trauma, 486
causes, 504
circulatory dysfunction, 151
early resuscitation, 228
emergency intubation, 192
following induction and intubation, 192
neuroendocrine response, 216
pelvic fractures, 524
recurrent volume resuscitation, 823
vulnerability, 437

Hypotensive trauma patients
versus normotensive trauma patients, 200
TEE, 239

Hypothermia, 355–356, 414, 795–809
abbreviated surgical procedure, 832
burn injuries, 669
burn pain management, 670
cardiothoracic trauma, 487
causes, 799–800
classification, 800
coagulation factors, 243
coagulation dysfunction, 151
comorbidity trauma, 526
damage control situation, 411
defined, 799

[Hypothermia]
drowning, 690, 696
effect, 806
electrocardiogram (ECG), 691
fluid resuscitation phase treatment, 669
future considerations, 817
general anesthesia, 799
head injuries, 442
induction, 380
initial management, 803–804
lethal triad, 828
methods to prevent, 804
mortality, 801
near-drowning, 687, 690
Osborn wave electrocardiogram, 802
passive rewarming, 442
pathophysiology, 801–803
PRCT improvement, 817
prevention

children, 720
signs, 801
surgical intensive care unit, 411
symptoms, 801
therapeutic, 805–807
trauma patients, 802, 817
treatment, 804
vasoconstriction, 337

Hypoventilation
geriatric, 740

Hypovolemia
anesthesia induction, 464, 547
lowered BP, 146
permissive hypotension, 49
pulse oximetry, 146
systemic response, 655

Hypovolemic shock
cause acidosis, 410
neck veins, 140

Hypoxemia, 156
cardiothoracic trauma, 486, 489
definitive airway management, 156
elderly patients, 740

ICD. See International Classification of
disease (ICD)

ICH. See intracranial hemorrhage (ICH)
ICP. See intracranial pressure (ICP)
ICU. See intensive care unit (ICU)
IED. See improvised explosive devices (IED)
IJ. See internal jugular (IJ)
ILA. See intubating laryngeal mask airway

(ILA)
Imaging. See also diagnostic imaging

secondary survey, 260
Immersion foot, 809
Immersion victims

outcome rating scale, 694
Immobilization

devices, 556
trauma resuscitation suite, 85

in-line cervical, 165
Immune system

ischemia response, 219
Immunoglobulin E antibody initiated mast

cells, 633
Improvised explosive device (IED), 25

injuries, 30, 31
Induction drugs, 333
Infant ETT, 701
Infection

extremity, 565
hypothermia, 803

Index 855



[Infection]
long-range transport, 127
necrotizing soft tissue, 566

Inferior vena cava (IVC), 199, 312,
314, 318

associated injury, 315
In-flight patients, 133
Infraclavicular block, 391–392
Infusion rates

gravity flow rates, 198
Inhalants

hypoxia, 586
Inhalation anesthesia, 374–375

history, 12–14
American Civil War, 14

Inhalation anthrax
chest radiograph, 770

Inhalation injury, 657–659
bronchoscopic view, 659
mechanisms, 30
preflight endotracheal intubation, 127

Inhaled toxic gases and vapor, 597–600
In-hospital trauma teams

field provider communication, 54
In-hospital (secondary) triage, 72, 73
Initial circulation assessment and shock

prevention
central venous catheter, 240
hematocrit, 239
hemoglobin, 239
mental status examination, 235
pulmonary artery catheter, 241
pulses, 236
skin color, 237
sonography, 238
urine output, 237

Initial fluid resuscitation formulas, 664
Injury. See also specific organs

age specific risk factors, 34
demographic characteristics, 25
disease attributable, 28
explosive munition mechanisms, 31
intent, 31–32
intentional, 32, 37–38
leading mechanisms, 35–36
major determinants, 40
mechanism, 38, 235
men ages, 36
missed, 261–262, 837–842
patient information, 51
patterns

categorization, 256
precipitating agents, 26
preoperative tertiary review, 328
prevention, 38

control agencies, 34
control projects, 40

pyramid, 32, 33
reduction

health care professionals’ role, 41
scope, 33
secondary survey (SS) phases, 261
time assessment importance, 51
transporting, 115
by type, 38
unintentional, 32
women ages, 36

Injury severity score (ISS), 60, 62
example, 62
GCS, 93
limitations, 63
mortality relationship, 63

In-line cervical immobilization, 165
emergency intubation, 162

In-line manual intravenous (IV) infusion
pumps, 198

Inotropes
definitive airway management, 159

Insecticides, 607
chlorinated hydrocarbon, 608

Insulated needle-nerve stimulator-mediated
nerve localization, 388

Insulated needle technique
nerve localization, 388

Intact pelvis
divisions, 534

Intensive care unit (ICU), 89
damage control, 405
delirium risk factors, 742
fundamental utility, 831
indications for unplanned return to OR,

412
monitoring

burns, 651
near-drowning victim, 691
patient shock state, 410
pitfalls, 830
preoperative evaluation, 666
post-traumatic stress disorder

(PTSD), 831
surgical

resuscitation, 355
trauma patients, 415
unstable patients, 260

Intentional injuries, 32, 37–38
Intentional injury

pediatric trauma, 721
victims, 32

Interhospital patient transfers, 115
Interhospital transport safety

factors affecting, 123
Intermaxillary fixation, 428
Internal carotid artery

injury, 456
Internal jugular (IJ)

approach
pneumothorax, 202

catheter placement, 201
techniques, 202–203
vein

anatomy, 201
catheterization, 201–202
compression carotid artery, 240
middle approach, 202–203
posterior approach, 203
repair, 458

Internal reproductive organ injuries
damage control, 408

International Classification of disease
(ICD), 62

International terrorism, 25
Interpersonal communication

trauma environment, 105
Interscalene block, 390

common side effects, 390
Intimate partner violence, 37
Intoxication

alcohol, 582
cardiovascular system effects,

586
effects, 581

difficult intubation, 184
effects, 581–582
recognition, 581

Intra-abdominal injury
diagnostic peritoneal lavage

(DPL), 521
fluid resuscitation, 545
laparotomy, 545

Intracardiac pressure wave
forms, 341

Intracellular metabolism, 239
Intracranial aneurysm surgery

therapeutic hypothermia, 807
Intracranial hemorrhage (ICH)

elderly trauma patients, 736
Intracranial injuries

pediatric, 708
Intracranial pressure (ICP), 433

checklist for high levels, 437
facial fracture repair, 424a
hyperventilation

control, 440
decrease, 444
reduction, 443

increase
non-neurologic surgery, 437

monitoring, 435–436
techniques, 436

prophylactic hyperventilation, 124
therapy

pressure passive cerebral circulation,
438

volume relationship, 441
Intragluteal flexed hip approach

sciatic nerve blockade, 399
Intrahospital transport, 91–93, 115

coordination care, 93
critical care patient, 116
data management, 92
pretransport patient evaluation, 92
safety

factors affecting, 123
transport monitoring, 92

Intrahospital triage, 73
Intramedullary needle placement, 205
Intraocular air, 426
Intraocular pressure (IOP), 424

anesthesia induction, 426
Intraosseous access

pediatric trauma, 705
Intraosseous infusion

central intravenous access, 205
US, 206

Intraosseous needle complications, 206
Intraparenchymal hematoma, 299
Intrathoracic abdomen

location, 517
Intratracheal drug administration

central intravenous access, 206
Intratracheal position

confirmation, 191
Intravascular volume

obstetric, 752
Intravenous access, 197–211

fluid resuscitation, 221
future considerations, 210
intravenous flow rate determinants,

197–198
penetrating neck trauma, 462
peripheral, 199

Intravenous agents, 376
Intravenous analgesia, 635–636
Intravenous analgesia, sedation, and

antisialagogue
definitive airway management, 177
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Intravenous anesthesia
development, 17
infusion illustration, 17

Intravenous anesthesia epoch (1934), 17
Intravenous anesthetic drugs

cardiovascular effects, 376
cerebrovascular effects, 376

Intravenous barbiturate anesthesia, 17
Intravenous catheters, 519

definitive airway management, 158
Intravenous drug users

human immunodeficiency virus (HIV), 580
Intravenous fluid warmer device, 806
Intravenous induction drugs

effects, 435
Intravenous (IV) infusion pumps, 198
Intravenous pyleogram, 296
Intravenous sedatives, 635–636
Intubating laryngeal airway (ILA), 169
Intubation

airway anatomy, 327
anesthesia mask, 180
blind nasal, 173–175
burn injuries, 657
difficult, 181–193, 489
equipment, 157
failure to, 190
fiberoptic, 178
fiberoptic bronchoscope (FOB), 150
goals, 186
head injuries, 433
hypotension, 192
modified rapid sequence induction (RSI),

167
nasotracheal, 428
neuromuscular blockade (NMB) drugs,

378
penetrating neck trauma, 460
principles

classic versus modified techniques, 167
rapid sequence induction (RSI), 365

approach, 547
cervical and thoracic vertebral injuries,

506
pediatric, 700
principles, 165–166

submental, 428
tracheal, 429
trauma and difficult airway scenarios,

184–192
unrecognized esophageal intubation, 191
ventilation, 144

Invasive arterial monitoring, 338
Invasive lower extremity repair, 570
Invasive monitors

hematological system, 240–241
Invasive procedure cart, 88
Inverse square law, 293
Ionizing radiation injuries, 31
IOP. See intraocular pressure (IOP)
Ipsilateral pleural effusion, 308
Iron, 610
Iron toxicity

treatment, 610
Ischemia

cellular effects, 217
cellular response, 216
electrocardiogram, 341
inflammatory cascade, 217

Ischemic cardiac dysfunction, 218
Ischemic optic neuritis

blindness, 512

Ischemic organ system injury, 231
Ischemic stroke

therapeutic hypothermia, 806
Isolated head injury

hypothermia, 829
Isolated proximal femoral fractures, 316
Isolated thoracic penetrating trauma

patients survival rate, 252
Isopropanol, 608
Isotonic crystalloid, 565
ISS. See injury severity score (ISS)
IVC. See inferior vena cava (IVC)

JCAHO. See Joint Commission on
Accreditation of Healthcare
Organizations ( JCAHO)

Jefferson fracture, 277, 289
axial CT, 278
open-mouth odontoid view, 278, 283

Jenkins, Pepper, 18
Joint Commission on Accreditation of

Healthcare Organizations (JCAHO),
258

Joint dislocation
common deformities, 558

Jugular venous saturation monitoring
head injuries, 442

JumpSTART, 74
triage algorithm, 75

Kava, 611
Ketamine, 369

anesthesia induction, 636
burn trauma, 677
myocardial depression, 192, 381
neuroprotective properties, 369
psychedelic properties, 369
safe administration, 370
sympathomimetic effect, 434
trauma operating room (OR) induction

drugs, 95
Kidneys

acute failure, 565
age, 731
bleeding, 408
functions

age-related changes, 731
heat stroke, 810
hypothermia, 802
injury, 315
ischemia response, 218
near-drowning, 687
obstetric, 748
risk injury, 314

Knee dislocations, 559
Koller, Karl, 16
Krankenhaus, Allgemenies, 15

Labor
preterm, 756

Laboratory tests
secondary survey, 260

Lacerations
extremity, 556

Lacrimators
classes, 600

Lactate, 231, 241
fluid resuscitation, 227
resuscitation, 357

Lactated Ringer’s (LR) solution, 242
fluid resuscitation, 222

Lactic acidosis, 240

Laparoscopy
diagnostic

abdominal trauma, 521
Laparotomy

exploratory, 522, 527
Larrey, Dominique Jean, 10
Laryngeal Mask Airway (LMA), 48

airway intubation, 164
anatomic position, 165
conventional trauma airway

management, 163
Cookgas ILA, 169, 170, 193
CTrach, 193
different-sized diameters, 170
difficult trauma airway, 168–169
emergency airway tools, 168
intubating conduit, 169
RSI technique, 167
sizes, 702
supraglottic obstructive conditions, 164

Laryngoscopy
blade insertion, 166
blade types, 165
bullard, 429
direct, 159
opening mouth, 165
penetrating neck trauma, 452
rigid direct laryngoscope (RDL), 164–165

Larynx, 179, 470–471
light wand transillumination, 175
perioperative assessment and

management, 470
Lateral femoral cutaneous nerve block, 397
Late resuscitation

goals, 227
ICU, 215

Latex, 636
Latrodectus (black widow), 627
Lead, 610
Lead aprons, 94
Le Fort classification system, 417
Le Fort injuries, 420–421
Legal considerations

tertiary survey, 843
Legs. See extremities
Lethargy

hypotension, 245
Lewisite, 600, 778
Lidocaine

neuroprotective effects, 434
Life Support for Trauma and Transportw

(LSTATw), 120, 122
Ligaments, 507

pelvic trauma, 533
Light wand, 175
Limited resuscitation, 354
Lithium

neurotoxicity, 603
rebound toxicity, 603
toxicity, 602

Liver, 313, 315
age, 731
bleeding, 407
lacerations, 311

Lizards
venomous, 625

LMA. See laryngeal mask airway (LMA)
Local anesthesia, 636

definitive airway management, 177
Long bone

children
diagnostic imaging, 318
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[Long bone]
compartments bleeding

fluid resuscitation, 222
open fractures, 558

Long-range transport, 126–127
future considerations, 130
tube migration, 126

Lower extremities
anatomy, 395

Low-income nations
prehospital transport, 120

Low-voltage injuries, 653
Loxosceles (brown recluse), 628
LR. See Lactated Ringer’s (LR) solution
LSD. See lysergic acid diethylamide (LSD)
LSTAT. See Life Support for Trauma and

Transport (LSTAT)
Lumbar spine, 330

fracture, 304
Lumbosacral coccygeal plexus, 535
Lungs, 230

acute injury, 662
age, 730
bleeding, 406
contusion, 309, 320, 474, 475

diagnostic imaging, 305
hypothermia, 801
ischemia response, 218
MODS, 231
near-drowning, 687
pediatric, 717
preoxygenation, 156

Lysergic acid diethylamide (LSD), 576, 605
physiological changes, 576

MAC. See minimum alveolar concentration
(MAC); monitored anesthesia care
(MAC)

Mace, 600
Maimonides, 8

Mishneh Torah, 8
Major Trauma Outcome Study (MTOS), 66

TRISS-analysis, 45
Malignant hyperthermia (MH), 795, 813
Mallampati classification, 161, 185, 191
Malposition

cardiothoracic trauma, 489
Mangled Extremity Severity Score (MESS),

562, 563
Mandible, 420

fractures, 418, 421, 424
Mandragora, 12
MAOI. See monamine oxidase inhibitors

(MAOIs)
Marijuana, 575

intoxication, 576
Mass casualty

civilian, 74
long-range transport, 128

Massive crush injury
aggressive resuscitation, 554

Massive hemothorax, 473
Massive transfusion, 95

abdominal injuries, 526
Mast cell degranulation (MCD) peptide,

628
Mast cells

immunoglobulin E antibody initiated,
633

Master Triage Report, 71
Maternal evaluation, 750

present illness history, 757

Maxillofacial injuries, 417–430
airway

compression, 188
evaluation, 429
management, 427–428

anatomy, 418
antibiotics, 429
assessment, 427
clinical signs, 427
computerized tomography, 427
difficult intubation, 188
epidemiology, 417
examination, 259
forces involved, 420
future considerations, 429
historical management, 417
mechanisms injury, 418–419
orthopantomogram, 427
preoperative evaluation, 329
resuscitation, 427
x-ray, 427

MCD. See mast cell degranulation (MCD)
peptide

McSwain Dart, 143
MDCT. See multiple detector CT

(MDCT)
Mechanical ventilation

obstetric, 759
patient transport, 133
portable commercial available transport

ventilators, 124
Mechanism-injuries-vital signs-treatment

(MIVT), 50
Mechanism of injury

secondary survey, 257
Mediastinal hematoma

diagnostic imaging, 303
Mediastinum

widened, 142
Medical assistance teams

disaster, 67
Medical evacuation (MEDEVAC), 96,

128–129, 131
long-range transport, 128–129
role of helicopters, 116

Medical personnel
unbiased towards patient issues, 258

Medical students
dissection woman, 10

Mental status examination, 262
initial circulation assessment and shock

prevention, 235
Mentation

diagnosis, 227
MEP. See motor-evoked potentials (MEP)
Mercury, 610

binding with carbon monoxide, 331
Mescaline, 605
MESS. See Mangled Extremity Severity Score

(MESS)
Metabolic acidosis, 240

burn patients, 669
saline administration, 148
shock, 829

Metals
heavy, 609

Metaphyseal fractures, 319
Methanol, 608
Methemoglobinemia

drugs known to cause, 600
Methylbromide, 598

poisoning, 599

Methylcaconitine
produced by, 604

Methylenedioxymethamphetamine
ingestion, 581

Methylprednisolone
administration, 513
SCI patient administration, 505
secondary injury, 513

Mexican War of 1845, 13
inhalation anesthesia epoch, 13

MFST. See Mobile Field Surgical Team
(MFST)

MH. See malignant hyperthermia (MH)
Middle East, 6–7

physicians, 7
Military resuscitation

operating room, 96–97
Military surgery

anesthesia benefits, 13
Miller laryngoscopic blade, 167
Minimum alveolar concentration (MAC),

738
Missed injuries

best tests for diagnosis, 842
contributing factors, 838
factors contributing to, 844
primary survey (PS), 838, 843
secondary survey (SS), 261–262,

838, 843
tertiary survey, 837–842
trauma management, 844
trauma mechanisms, 841
trauma team, 842

Mitochondria, 353
MIVT. See mechanism-injuries-vital

signs-treatment (MIVT)
Mixed communication systems

prehospital care, 46
Mnemonic

nerve agent symptoms, 776
Mobile Field Surgical Team (MFST), 96
Modified rapid sequence intubation

technique, 167
MODS. See multiple organ dysfunction

syndrome (MODS)
Monamine oxidase inhibitors (MAOIs), 640
Monitored anesthesia care (MAC), 333
Monitors

fluid resuscitation, 229
invasive, 240–241
trauma resuscitation suite, 84

Morning glory plant, 605
Morphine

pain control, 228
side effects, 676

Mortality probability model (MPM)
pregnancy, 759

Morton, W.T.G., 14
Motorcycle crash

Haddon matrix, 39
Motor-evoked potentials (MEPs), 511–512
Motor exam

cervical spine, 279
Motor levels, 280
Motor vehicle collision (MVC), 25, 35

alcohol, 36, 582
cardiothoracic trauma, 471
deaths, 34
facial fracture simulated from, 419
injuries associated from, 420
mandibular fractures, 423

Moyer, Carl, 18
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MPM. See mortality probability model
(MPM)

MTOS. See Major Trauma Outcome Study
(MTOS)

Multiple detector CT (MDCT)
extremity trauma, 555

Multiple organ dysfunction syndrome
(MODS), 218

Multiple system organ failure
cardiothoracic trauma, 494

Multiple trauma bay
NATO guidelines, 86

Musculoskeletal system
heat stroke, 810
hypothermia, 803
ischemia response, 218
missed injuries, 841
pediatric, 713–715
pelvic trauma, 534

Mustard gas, 600, 778
anticholinesterase activity, 781
clinical effects, 780
CNS effects, 780
effects, 779
eye diseases, 781
Lewisite vapor, 791
medical management objective, 780
perioperative fluid management, 782
primary airway lesion, 779
seizures, 782
topical effects, 779

MVC. See motor vehicle collision (MVC)
Myocardial contractility

geriatric, 741
Myocardial infarction

therapeutic hypothermia, 807
Myoclonus, 368
Myonecrosis, 568

Narcotic withdrawal syndrome, 580
Nasal intubation

blind, 173–174
Nasoethmoidal fractures, 421
Nasopharyngeal airway

conventional trauma airway
management, 163

intracerebral placement, 422
Nasotracheal intubation

intracranial placement, 422
maxillofacial injuries, 428

National Emergency X-Radiography
Utilization Study (NEXUS), 287, 288

National Injury Surveillance System
(NISS), 39

National Institute of Occupational Safety
and Health (NIOSH) standards, 127

National Spinal Injury Statistical Center
(NSISC), 268

National Trauma Data Bank (NTDB), 39
Natural disasters, 40
Nausea

geriatric, 742
Near-drowning, 685–695

age, 685
definitions, 685
emotional support, 693
epidemiology, 685
future considerations, 695
grief counseling, 693
mechanism injury, 686–689
prevention, 694–695
prognosis, 693–694

Near infrared spectroscopy (NIRS), 244, 359
Neck

anterior triangle, 448
compound structure zones, 449
contusions, 737
examination, 259
fascial layers, 448
muscular triangles, 448
penetrating trauma, 447–465

aggressive vs. selective approach, 453
airway distortion, 460
airway management, 449, 465
anatomy, 447–448
anesthetic management, 459–460, 464
bilateral exploration, 454
blind endotracheal intubation

techniques, 461
computed tomography (CT), 451
CVP monitoring, 463
diagnostic work-up, 450
duplex ultrasound, 451
emergency airway management, 460
evaluation, 449, 450

endoscopic, 452
exploration, 452
history, 447
incision planning, 455
indications for airway surgery, 462
intraoperative and hemodynamic

management, 462–463
management, 454, 456–463
mandatory exploration debate, 454
plain films, 451
postoperative care, 464
prevalence, 449
radiographic evaluation, 451
rapid assessment requirements, 465
retrograde intubation, 461
selective operative management, 450
surgical incisions, 455
symptomatic patients, 453
tracheal intubation techniques, 460
unilateral exploration, 454
vascular injuries associated with, 450

posterior triangle, 448
zone division, 448

Necrotizing fasciitis, 566, 568, 571
Needle pericardiocentesis, 144
Needle thoracostomy, 49, 143
Nelcore clip, 668
Neosporin, 674
Neo-Synephrine nasal spray, 177
Nerve agents, 600, 774–775

effects, 774, 776
inhalation, 600
terrorist threats, 611

Nerve avulsion injuries
extremity, 559

Nerve block
cardiothoracic trauma, 492
geriatric, 742
lateral femoral cutaneous, 397
by local anesthetic infiltration, 393
methods, 402
peripheral

lower extremities, 395–400
nerve identification, 388
upper extremities, 389–395

sciatic, 397–399
Nerve localization, 388

insulated needle-nerve stimulator-
mediated, 388

Nerve plexi
pelvic trauma, 535

Nerve stimulator
aiding in needle insertion, 397
objective, 388

Neuraxial regional anesthesia
abdominal injuries, 526

Neurogenic pulmonary edema
patient’s pulmonary status, 503

Neuroleptic malignant syndrome (NMS),
795, 814–816

neuroleptic agents, 814
Neurologic system

examination, 259
heat stroke, 810
hypothermia, 801
monitoring, 333–334

Neuromuscular blockade (NMB)
cardiothoracic trauma, 485
drugs, 48, 371–373, 377, 526, 738
effects, 347
extracellular fluid, 738
monitoring, 343
plasma fluid, 738

Neuromuscular system
age, 729

Neuropathic pain
burn injuries, 676

New injury severity score, 60
NEXUS. See National Emergency X-

Radiography Utilization Study
(NEXUS)

NIBP. See noninvasive blood pressure
(NIBP)

Nimodipine
effects on TBI patients, 442

NIOSH. See National Institute of
Occupational Safety and Health
(NIOSH) standards

NIRS. See near infrared spectroscopy (NIRS)
NISS. See National Injury Surveillance

System (NISS)
Nitrogen mustard, 600
Nitrous oxide, 12–13, 374, 509
NMB. See neuromuscular blockade (NMB)
NMR. See nuclear magnetic resonance

(NMR) spectroscopy
NMS. See neuroleptic malignant syndrome

(NMS)
Noise

trauma environment, 105
Nonacute trauma

diagnostic imaging, 308
Nonemergent surgery

patient checklist, 332
Noninvasive blood pressure (NIBP), 84, 146,

244, 338
Noninvasive cardiac output

monitoring, 345
Noninvasive pulmonary gas

exchange, 345
Non-orthopedic radiographic studies,

838
Nonvenomous snakes, 622
No-reflow phenomenon, 216
Norepinephrine, 95

reuptake inhibitors toxicity, 604
North American venomous snakes, 623
Nose, 421

blind intubation, 173–174
NSISC. See National Spinal Injury Statistical

Center (NSISC)
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NTDB. See National Trauma Data Bank
(NTDB)

Nuclear incidents, 75
Nuclear magnetic resonance (NMR)

spectroscopy, 353

Obese patients
nasal CPAP, 160

Obstetric trauma, 747–760
cardiopulmonary resuscitation, 751–754
epidemiology, 747
future considerations, 759
imaging, 751
initial ATLSw assessment, 749–750
laboratory studies, 751
perioperative anesthetic management,

757
physiologic changes, 747–748
postoperative critical care management,

759
secondary survey (SS), 750

Obtunded patient
cervical spine, 288
cervical spine clearance algorithm, 286
C-spine clearance, 289
CT scans, 290

Obturator internus tendon, 534
Occipital condyle avulsion fracture, 277
Occult injuries

general anesthesia, 367
search for, 840

Occult tracheobronchial injury, 306
Oculocardiac reflex, 426
Odontoid

fracture, 272, 273, 301
Fuchs view, 284

One-hand mask ventilation technique, 163
On-scene communication, 46
Open extremity fractures

antibiotics administration, 557
classification, 557

Open pelvic fractures, 540, 541, 546, 550
Open pneumothorax, 473
Open wounds

burn trauma, 666
Operating room (OR), 83–98

anesthesia, 666–669
anesthesia machine and cart, 94
equipment, 94
fluid-warming devices, 94
IJ catheter placement, 201
imaging studies, 296
laboratory and blood bank support

personnel, 95
military resuscitation, 96–97
pharmacologic agents, 95
physical plan, 93–94
preoperative preparation, 332
procedure and invasive line carts, 94
resuscitation criteria, 326
shock, 827–828
staff schedules, 50
teams, 826

dynamics, 826
performance, 827

therapeutic pitfalls, 826–829
Operative resuscitation, 355
Opioids, 377, 491, 579, 635, 676

burn trauma, 676
morphine, 579
organ system effects, 580
overdose from, 586

Opium
history, 579

OR. See operating room (OR)
Oral intubation

FOB, 180
Orbit, 421
Organic solvents, 608
Organ Injury Scale, 62
Organophosphates

poisoning, 613, 777
toxicity, 607

Orogastric tube
intracranial placement, 423

Oropharyngeal and nasopharyngeal
airways

conventional trauma airway
management, 163

Orotracheal intubation, 503
Orthopedic injuries, 838
Orthorama

operating room, 829
Osteophytes, 301
Ottoman Empire, 8–9
Out-of-hospital triage principles, 68–71
Oversedation

intensive care unit, 830
Oxidant-mediated injury

ARDS, 597
endotoxic lung injury, 597

Oximes
drug classification, 776

Oxygen
debt, 217
definitive airway management, 155
delivery, 242
extraction

definition, 242
geriatric, 733
pediatric, 703
radical activation, 598
toxicity, 597, 598
utilization calculation, 127

Oxymetolazone nasal spray, 177

PABA. See para-aminobenzoic acid (PABA)
PAC. See pulmonary artery catheter (PAC)
Packed red blood cells (PRBCs)

blood banks, 91
fluid resuscitation, 225

PACU. See postoperative anesthesia care
unit (PACU)

Pain
burn injuries, 675–677
control, 706
neuropathic, 676

Pancreas
blunt injury, 522
damage control, 407
lacerations, 314

Pancuronium
NMB, 377

Papyrus, Edwin Smith, 2
Para-aminobenzoic acid (PABA), 636
Paralysis

tick-born, 629
Paralytic shellfish poisoning, 606
Paraquat, 608
Parasympathetic nervous system (PNS), 592

schematic, 583
Parasympatholytic drugs, 593
Pare, Ambroise, 9, 11
Paresthesia, 389

Parkinson’s disease, 372
Parkland formula, 664–665
Partial thickness burns, 649
PASG. See pneumatic antishock garment

(PASG)
Past medical/surgical history

secondary survey, 258
Patient-controlled analgesia (PCA), 742

burn injuries, 676
cardiothoracic trauma, 492
geriatric, 742

Patients
conventional trauma airway management

positioning, 161–162
preparation, 161–162

definitive airway management
preparation, 177
selection, 175–176

information
communication to trauma team, 50–51

simulators
decision-making skills, 109

survival duration prehospital interval, 116
survival rates, 252
uncooperative, 168
unstable, 168

Patient transport, 115–132
airborne pathogens, 128
airway compromise, 124
altitude change effects, 125
cardiac risk studies, 122
complications, 121–125
equipment, 120, 121
flight altitude restrictions, 126
flight physiological stresses, 125
guidelines, 116, 837
hemodynamic stability, 122–123
in-flight exposure, 125
intracranial pressure, 124
physiology, 121–125
prehospital and interhospital, 117–118
preparation, 120
safety, 120
SICU, 837
specialized trained personnel, 120, 121
stability, 121
tertiary survey, 837
unsecured locations, 128

Patroclus and Achilles, 4
PCA. See patient-controlled analgesia (PCA)
PCP. See phencyclidine (PCP)
PCWP. See pulmonary capillary wedge

pressure (PCWP)
PE. See pulmonary embolism (PE)
PEA. See pulseless electrical activity (PEA)
Pedestrians struck by motor vehicles, 35
Pediatric Advanced Trauma Life Supportw

(PTLSw), 719
Pediatric Glasgow coma scale (PGCS), 64,

705
Pediatric risk of mortality (PRISM), 64
Pediatric scoring, 63
Pediatric trauma, 699–720

abdominal compartment syndrome
(ACS), 713

age-based vital signs, 704
buckle fracture, 713
cardiac injuries, 712
definitive airway indications, 700
diagnostic imaging, 318
epidemiology, 699
future considerations, 719
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[Pediatric trauma]
hospital admission, 709
hyperglycemia, 718
hypothermia, 709
intra-abdominal injury, 712
mechanical ventilation, 717
nutrition, 717
pain control, 706
physical exam, 706
pediatric ICU (PICU), 717
prehospital, 699
prevention, 699
primary survey (PS), 700–702, 720
score, 699
seat belt injury, 721
secondary survey (SS), 706
service organization, 719
temporal bone skull fracture, 708
therapeutic pitfalls, 825
transfer, 718

Pediatric trauma score (PTS), 63, 700
Pedicle fractures, 283
PEEP. See positive-end expiratory pressure

(PEEP)
PEG. See polyethylene glycol (PEG)

electrolyte solution
Pelvis, 199, 533–548

acute stabilization, 544
anatomy, 533–535
anesthesia, 547
angiographic embolization, 545
anterior radiograph, 543
arterial supply, 535
binder, 537, 538
blood supply, 535
bone fractures, 539
critical care management, 548
diagnostic evaluation and treatment

planning, 539–546
diagnostic imaging, 315–317
examination, 260
failure to properly assess, 824
fractures, 316, 549

bleeding, 548
classification, 316, 547
CT, 549, 550
death association, 533
external fixation, 544
fluid resuscitation, 548
grading, 539
hemorrhage, 544
Judet classification, 539
management, 317
patient hemodynamic status, 549
primary survey (PS), 537
retroperitoneal hemorrhage, 536
Young and Burgess classification, 540

future considerations, 548
hemorrhage, 546

diagnostic angiography, 546
techniques for, 544
therapeutic angiography, 546

initial management, 536–538
obstetric, 755
open fracture, 541
prehospital care, 536
preoperative evaluation, 331
radiograph, 520, 543

Penetrating injuries. See also neck
abdominal, 518
Aeromonas hydrophilia, 569
biomechanical forces generated, 28

[Penetrating injuries. See also neck]
vs. blunt injuries, 360
cardiothoracic trauma, 469
maxillofacial injuries, 419
nonsurvivors, 526
nonthoracic, 250
thoracic, 249
tissue destruction, 28

Penicillin, 18
burn wound infection, 674

Pentothal
anesthesia induction, 636

Pentoxifylline (PTX), 217
fluid resuscitation, 230

Pepe, Paul, 21
Pepper spray, 600
Percussion

chest hyperresonance and pneumothorax,
141

Percutaneous needle cricothyroidectomy,
139

Perfluorocarbons
fluid resuscitation, 226

Perfusion
fluid resuscitation, 220
pulse oximetry, 221

Pericardiocentesis
needle, 144

Perimortem Cesarean section, 752
Perineum examination

secondary survey (SS), 260
Perioperative monitoring, 333–344

ASA standards, 333
Peripheral intravenous access, 199
Peripheral nerve block

lower extremities, 395–400
nerve identification, 388
upper extremities, 389–395

Peripheral nerve injuries
extremity, 559

Peripheral nerve stimulator
monitoring, 344

Peripheral vascular injuries
pediatric, 715

Perirectal wounds
diverting colostomy, 550

Peritoneal lavage
catheter, 805
diagnostic

abdominal trauma, 312, 521
Pernio, 809
Personal protection sprays, 600
Personal protective equipment (PPE), 785,

787
PGCS. See Pediatric Glasgow coma scale

(PGCS)
Pharyngoesophageal injury

penetrating neck trauma, 458
Pharyngoscopy

penetrating neck trauma, 452
Phencyclidine (PCP), 576, 576
Phenylephrine, 95
Phosgene oxime, 778
Phosgene toxicity

anesthetic considerations, 661
Phosphodiesterase inhibitors, 92
Phosphorous, 610
Physical fitness

age, 730
Physician-based prehospital care

German system, 44
Physostigmine, 607

Piriformis muscle, 535
Pit vipers, 623
Plague, 769–770

bubonic, 770
Plants

medical treatments, 12
Plasma

acetaminophen, 602
fluid resuscitation, 225

Plasmalyte-A
fluid resuscitation, 223

Platelets
empiric replacement, 243
hematologic monitoring in the OR, 342
and thromboelastography (TEG), 343
transfusion guidelines, 225

Pleural catheter
cardiothoracic trauma, 492

Plexus injuries
extremity, 559

Pneumatic antishock garment (PASG), 536
Pneumatic external pressurized intravenous

infusion system, 198
Pneumocephalus

patient transport care, 124
Pneumomediastinum, 305, 308

diagnostic imaging, 304
Pneumonia

mortality risk, 426
postoperative, 569

Pneumopericardium, 306, 310
Pneumothorax, 473

bilateral, 307
diagnostic imaging, 304
tension, 142
open, 473
right rib fractures, 307
tension, 143

PNS. See parasympathetic nervous system
(PNS)

Poisoning, 591–613
decontamination, 593–594
exposure, 591
food, 604–606
history, 591
laboratory studies, 592
physical examination, 591
source, 591

Poisonous plants, 604–605
Polyethylene glycol (PEG) electrolyte

solution, 594
Polytrauma

factors associated with, 506
mangled extremities, 571

Polyvalent pneumococcal vaccine, 526
Portable storage unit for resuscitation

definitive airway management, 159
Positive-end expiratory pressure (PEEP), 94

drowning, 690
pulmonary injury, 599
pulmonary issues, 670
refractory hypoxemia, 667

Posterior tibial nerves, 509
block, 401

Postoperative analgesia, 20
Postoperative anesthesia

extremity, 569
Postoperative anesthesia care unit (PACU),

84, 379, 393
Postoperative pneumonia, 569
Postoperative sedation

and analgesia, 378
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PPE. See personal protective equipment
(PPE)

PRBC. See packed red blood cells (PRBCs)
Prearrival report, 50
Precision anesthesia

development, 19
Precision monitoring and resuscitation

epoch (1986), 19
Pregnancy. See also obstetric trauma

ACLS drugs, 760
AFE, 523, 755
airway increase, 760
anesthesia, 523, 758
aortocaval syndrome, 747
arterial blood gas, 749
cardiovascular parameters, 748
causes of death, 756, 757
diagnostic imaging, 318
diagnostic imaging studies, 318
drug exposure in first trimester, 758
electrolyte parameters, 749
failure to recognize, 826
hematologic parameters, 749
hypercoagulable state pregnancy, 755
imaging the parturient, 751
management principles, 754–756
oxygen demands, 760
physiologic change, 747
respiratory parameters, 748
risk of thromboembolism, 761
therapeutic pitfalls, 825

Prehistory, 2
Prehospital care, 43–55

clinical research, 130
EMS services, 56
information sources, 325
in-hospital systems integration, 45
management, 43, 46, 48
medical oversight, 44
mortality data drives resuscitation

priorities, 47
near-drowning, 688
organizational influences, 47
peripheral veins, 199
secondary survey (SS), 257
staffing models, 43

Canadian, 43
Central European, 43
comparison, 44

trauma care models, 43
Prehospital deaths

airway loss, 155
Prehospital information, 325

knowledge, 326
Prehospital providers,

skill levels and training, 45
Prehospital transport safety

factors affecting, 123
Prehospital trauma care

future considerations, 55
Prehospital triage, 67
Preoperative evaluation, 325–331

potential high risk injuries systematic
review, 328–331

vertebral spine, 502–505
Preoperative preparation, 332–333

vertebral spine, 506–507
Preoxygenation, 380

definitive airway management, 156
Pressure measurement

fluid resuscitation, 220
Preterm labor, 756

Prevertebral spaces, 280
Primary survey

circulatory management goals, 92
Pringle Maneuver, 208, 211, 407, 527
PRISM. See pediatric risk of mortality

(PRISM)
Procedure cart

trauma resuscitation suite, 84
Prophylactic hyperventilation

ICP, 124
Propofol, 370, 508

analgesic properties, 677
anesthesia induction, 636
epileptogenic effect, 370
myocardial depression, 192
rate oxygen consumption effect, 434
seizure activity, 370

Protamine, 637
Proximal peripheral nerve blocks

analgesia, 560
Pseudoaneurysm, 306
Pseudosubluxation, 318

pediatric trauma, 711
Psilocybin

hallucinations, 605
PTLS. See Pediatric Advanced Trauma Life

Supportw (PTLSw)
PTS. See pediatric trauma score (PTS)
PTX. See pentoxifylline (PTX)
Public health, 38
Pudendal nerve injury, 535
Puffer fish, 606
Pulmonary artery. See also lungs

catheter
initial circulation assessment and shock

prevention, 241
resuscitation, 359

pressure, 227, 668
Pulmonary artery catheter (PAC), 240, 358,

665
methods equal in comparison, 358
practical placement, 462
pregnancy indications, 759

Pulmonary capillary wedge pressure
(PCWP)

CVP, 338
Pulmonary embolism (PE), 238
Pulseless electrical activity (PEA)

pregnancy, 752
Pulse oximetry, 49, 332
Pulses

initial circulation assessment and shock
prevention, 236

Pump infusion, 207

Quality assessment systems, 65
Quick-Clot, 562

Raccoon eyes
skull base fractures, 423

Radiation, 796
exposure, 293–294

Radiation injuries
biomechanical forces generated, 31

Radiocontrast media, 637
Radiographs

trauma resuscitation suite, 91, 294–295
Radiological information

web sites, 790
Radiological terrorism, 785
Radiology suite

imaging studies, 296

Radius fracture
pediatric fracture, 715

Raj technique (interscalene block), 391
Randomized controlled trials (RCTs)

trauma patient studies, 45
Rapid infusion, 207
Rapid sequence intubation (RSI), 46, 54

cervical and thoracic vertebral injuries,
506

head injuries, 434
modified, 167
pediatric, 700
principles, 165–166

Rattlesnakes
envenomation, 624

RCT. See randomized controlled trials
(RCTs)

RDL. See rigid direct laryngoscope
(RDL)

Reaction time
age, 732

Recreational therapy
geriatric, 743

Rectum
examination, 260, 520

Red blood cells. See also Packed red blood
cells (PRBCs)

packed, 225
Regional anesthesia, 16, 385–401

acute complications, 385
acute trauma patients, 387
airway evaluation, 387
appropriateness, 387
benefits, 402
candidates not suitable, 386
difficult airways in patients, 388
extremity, 569
full stomach, 386
future considerations, 401
vs. general, 385
geriatric, 738
history, 16
indications, 387
intravascular injection, 386
intravenous, 395
lower extremity techniques, 396
neuraxial

abdominal injuries, 526
obstetric, 757
risks and benefits, 385
risk versus benefit analysis, 387
site injection, 386
trauma difficult airway, 176
uncontrolled airway, 402
upper extremity techniques, 390
war zones, 386

Remifentanil, 377
Renaissance Era (1500), 8–11
Renal contusion, 314
Renal system. See kidneys
Reoperation

abdominal trauma, 527
Reperfusion injury, 216
Reptiles

venomous, 619
Rescue

near-drowning, 688
Respiration

aerobic vs. anaerobic, 354
chronic spinal cord injury, 505

Respiratory distress, 308
spinal cord injury (SCI), 513
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Respiratory failure
near-drowning, 691

Respiratory gas monitor
commercial availability, 20

Respiratory monitoring, 335–337
Respiratory system

intoxication, 582
obstetric, 748

Restraint devices
cervical spine, 278

Restrictive lung disease profile, 506
Resuscitation. See also fluids

Brooke Army formula, 665
cardiopulmonary

therapeutic hypothermia, 807
categorization, 353
combination markers, 410
concurrent

tertiary survey, 836
early

vs. operating room, 228
emergency department

pitfalls, 822–825
endpoints of, 353–361, 354
esophageal Doppler monitoring, 359
extremity, 554
failure to achieve endpoints, 410
fluid administered during, 150
fluid needs, 358, 361

burns, 653
future therapy, 359
goal, 353
indices

normal values, 360
limited, 354
military

and operating room, 96–97
operative, 355
organ-specific markers for, 410
pelvic trauma, 538
physical exam, 356
physiology understanding, 216
priorities, 355
rewarming fluids, 406
success indicators, 360
tissue-specific endpoints, 359

Resuscitation suite, 83–98
airway maintenance with cervical spine

protection, 135–137
aspiration precautions and suction

devices, 137
basic management, 136
cervical spine (C-Spine) precautions,

137
chin-lift/jaw-thrust, 136
oropharyngeal and nasopharyngeal

airways, 137
supplemental oxygen, 137

ATLS training, 91
breathing assessment and maintenance,

140–141
auscultation, 141
cardiac tamponade/pericardial drai-

nage, 144
flail chest, 143
imaging aids, 141–142
inspection, 140
life-threatening thoracic injuries, 143
massive hemothorax/tube thoracost-

omy, 143
mechanical ventilation, 144
palpation/percussion, 141

[Resuscitation suite
breathing assessment and maintenance]

physical examination, 140–141
sucking chest wounds, 143
tension pneumothorax, 143

circulation assessment and hemorrhage
control, 145

arterial blood gas and base deficit, 148
blood pressure and tissue perfusion,

147
central venous pressure, 147
circulatory depression from

nonhemorrhagic causes, 146
circulatory evaluation, 147
compensated hemorrhagic shock, 147
CT scan, 148
diagnostic testing and monitoring, 147
hemodynamic stability, 145
hemoglobin, 147
invasive blood pressure monitoring,

147
lactate level, 148
shock prediction and prevention, 147
ultrasound examination and diagnostic

peritoneal lavage, 148
uncontrolled hemorrhagic shock, 147

clinical laboratory, 91
communication, 87–88
contrast studies, 296
definitive airway management, 138–139

alternative emergency airway devices,
139

rapid sequence induction, 138
surgical airway, 139
tracheal intubation, 139

disability, 148–150
Glasgow Coma Scale (GCS), 149
history, 148–149
mechanism of injury, 148
motor examination, 150
patient, 149
physical examination, 149–150
pupil examination, 149
sensory function, 150

equipment, 84
exposure/environmental control, 150
future, 98, 150
initial resuscitation priorities, 135–151
laboratory support, 91
noise level expectations, 89–90
pharmacologic agents, 86
physical plan, 84–86
preassigned roles team

members, 89
primary survey, 135–151
screening studies, 294–296
ultrasonography, 91, 296

Resuscitation thoracotomy, 247–252
ACS-COT, 251
cardiac tamponade, 248
cardiopulmonary arrest, 247
complications, 251
definitions, 247
future considerations, 252
goals, 248
indications, 249–250
mechanisms of injury, 252
outcomes, 251
procedure, 250
procedure complications, 251
technical aspects, 250

Retinopathy of prematurity (ROP), 598

Retrograde wire, 175
Retrohepatic vena cava

traumatic disruption, 210
Retroperitoneum, 309, 331

bleeding, 222
CT scan, 148
preoperative evaluation, 331

Review of systems
secondary survey, 258

Revised Trauma Score (RTS), 44, 61
patient survival probability, 61
TS shortcoming elimination, 61

Rhabdomyolysis, 332, 564, 565
extremity, 564
snake bites, 624

Ribs
fractures, 484, 707

diagnostic imaging, 305
Rigid bronchoscope, 172

difficult trauma airway, 170
Rigid direct laryngoscope (RDL), 157, 164

assisted orotracheal intubation, 152
laryngoscopy, 165

Ringer’s ethyl pyruvate solution
fluid resuscitation, 229

Rivea cormbosa, 605
Rocuronium, 373

NMB drugs, 368
nondepolarizing muscle relaxants, 426
rapid sequence induction (RSI), 86

Roman Empire
Catholic Church decline, 6–7

Roman surgeons, 4–5
battle wounds, 5

ROP. See retinopathy of prematurity (ROP)
Rotary-wing transport

trauma patient transport, 117
Royal Humane Society of England, 11
RSI. See rapid sequence intubation (RSI)
RTS. See Revised Trauma Score (RTS)
Ruptured bladder, 317
Russel’s viper

toxins, 624

Sacroiliac (SI) ligaments, 533
SAFE trial. See Saline versus Albumin Fluid

Evaluation (SAFE) trial
SAH. See subarachnoid hemorrhage (SAH)
Salicylate

overdose, 602
Saline

fluid resuscitation, 223
hypertonic, 225

Saline versus Albumin Fluid Evaluation
(SAFE) trial, 224

Salivary gland
duct injury, 459
importance management, 459
parotid gland, 459

Salter-Harris (SH) classification of pediatric
fractures, 319

Salt solutions
accepted world use, 19
traumatized patients, 18

Salt vs. freshwater
near-drowning, 686

Saphenous vein
complications, 205
cutdown, 205
drains, 205

SBP. See systolic blood pressure (SBP)
Scald burns, 650, 653, 664
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Scapular fractures, 484
SCI. See spinal cord injury (SCI)
Sciatic nerve

block, 397–399
anterior approach, 399
approaches, 396
classic approach, 398
popliteal fossa anatomy, 399

popliteal fossa block, 399
SCLC. See small cell lung cancer (SCLC)
Scoop and run, 46, 47
Scoop triage, 67
Scopolamine, 373

amnesia, 374
belladonna alkaloids, 373
CNS effects, 373
hemodynamic instability, 381
side effects, 374

Scorpion stings, 626
SDH. See subdural hematoma (SDH)
Sea snails, 626
Sea snakes

venomous, 624
Secondary hypothermia

common etiologies, 800
Secondary survey (SS) comprehensive

trauma evaluation, 255–262
adjuncts, 260–261
continued assessment and planning, 261
future considerations, 262
information, 327
missed injuries, 261
patient history, 257–258
physical examination, 259–260
timing, 255–257

Sedation, 635
geriatric, 738
intravenous, 635–636
pediatric, 707
postoperative, 378

Seldinger technique, 200
Self-inflating bulbs (SIBs), 192

collapsed, 192
Semmelweis, Philip, 15
Sensory exam

cervical spine, 279
Sensory levels, 280
Sepsis, 527

ARDS, 529
cardiothoracic trauma, 494
pulmonary complications, 529

Sepsis Occurrence in Acutely II Patients
(SOAP), 224

Septic shock, 244
Serotonin and norepinephrine reuptake

inhibitors
toxicity, 604

Serotonin syndrome, 816
Sevoflurane

and compound A, 525
hear rate, 375

SH. See Salter-Harris (SH) classification of
pediatric fractures

Shaken baby syndrome, 709
Shock. See also initial circulation assessment

and shock prevention
causes of death, 241
compensated, 244
core temperature measurement, 341
definition, 235
etiologies, 827
failure to recognize, 822

[Shock. See also initial circulation assessment
and shock prevention]

initial fluid resuscitation, 242
management, 827
metabolic acidosis, 240
operating room, 827–828
origin, 216
oxygen delivery, 241
patients who require damage control

procedures, 414
presence recognition, 235
surgical intensive care unit, 409–410
treatment forms, 504
vasoconstriction, 337

Shock and Trauma Platoons (STP), 96
Shotgun wounds, 29
Shoulder dislocations

anterior, 317
posterior, 317
types, 557

SI. See sacroiliac (SI) ligaments
SIB. See self-inflating bulbs (SIBs)
SICU. See surgical intensive care

unit (SICU)
Silvadine (silver sulfadiazine) cream,

673–674
Similaun mummy, 2
Simple Triage and Rapid Treatment

(START), 74, 75
Simulators

realistic patient, 108
team training and assessment, 108

Sina, Abu Ali, 7
Single-lumen catheters, 200
SIRS. See systemic inflammatory response

syndrome (SIRS)
Situation awareness, 106
Skin

color, 237
coverage products, 671
replacement products, 672

Skull
anatomy, 418
base, 429

airway management, 418
axial view, 418
fractures, 418, 428, 429
midline sagittal section, 419

fractures, 421–422
front view, 419

Sleep deprivation
effect on team members, 104
trauma environment, 104

SLN. See superior laryngeal nerve (SLN)
Small cell lung cancer (SCLC), 629
Smallpox, 771

vs. chicken pox, 772
treatment, 772

Snake bites, 619
cardiopulmonary bypass (CPB), 624
emergency treatment, 624
pain, 624

Snakes
venomous, 619–625

Sniffing position
patient placement, 462

SNS. See sympathetic nervous system (SNS)
SOAP. See Sepsis Occurrence in Acutely Ill

Patients (SOAP)
Social history

secondary survey, 258
Socioeconomic status, 35

Soft tissue infection
wide debridement, 566

Soft tissue injuries
forces required, 420

Solvents
abuse, 576, 577, 600
organic, 608

Somatosensory-evoke potentials (SSEPs)
anterior fusion, 510
cortical, 510

Sonography
abdominal trauma, 309, 520
initial circulation assessment and shock

prevention, 238
Spectroscopy

near-infrared, 359
Sphygmomanometric automated

noninvasive blood pressure, 338
Spiders, 627, 628
Spinal analgesia

geriatric, 742
Spinal anesthesia

war environment, 386
Spinal cord

acute injury, 463
cervical

penetrating neck trauma, 463
chronic injuries, 505–506
concussion, 711
decompression, 507, 513
diagnostic imaging, 299–302
injection, 390
integrity monitoring, 335
ischemia, 482
symptoms, 150
tract, 335

Spinal cord injury (SCI), 837
airway management, 267
anesthesiologist, 547
biochemical cascade effects, 502
radiographic abnormality, 319
therapy, 55
thoracic spine trauma, 502
traumatic survival, 299

Spinal immobilization bed
aircraft use, 126

Spine. See also cervical spine; thoracolumbar
spine; vertebral spine

acute injuries, 502–505
axial, 133
children

diagnostic imaging, 318
diagnostic imaging, 299–302
dislocation, 268
fractures, 268, 301
lumbar

fracture, 304
MVC, 267
surgery, 512

anesthesia-related complications, 512
prone positioning, 512

thoracic, 502
degree violent trauma, 513
surgery, 507

Spinous processes, 301
Splanchnic blood flow, 218
Spleen

bleeding, 407
blunt trauma, 522
injury scale, 312
nonoperative management, 528
types injuries, 312
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Splints
extremity, 556
types, 85

Spontaneous ventilation
maintenance, 365

SPV. See systolic pressure variation (SPV)
SSEP. See somatosensory-evoke potentials

(SSEPs)
St. John’s wort, 611
Staphylococcus, 563
Starch solutions

fluid resuscitation, 224
START. See Simple Triage and Rapid

Treatment (START)
Stay and stabilize strategy, 46
Steinman pins, 85
Sternum fractures, 484
Steroids

administration, 54
allergy/anaphylaxis, 639
burn trauma, 675
pregnancy, 756
SCI patients, 505

Stewart, Ronald, 21
Sting rays, 626
Stings

scorpion, 626
STP. See Shock and Trauma Platoons (STP)
Straddle injuries

pediatric trauma, 716
Streptococcal necrotizing fasciitis, 568
Streptococcus, 563
Stress

trauma environment, 104
Stroke

geriatric, 742
heat, 809–812
ischemic

therapeutic hypothermia, 806
Strong ion gap (SIG)

resuscitation, 357
Strychnine

mental status, 605
Subacute subdural hematoma, 298
Subarachnoid hemorrhage (SAH), 298

CT, 299
Subclavian artery

patient angiogram, 480
Subclavian vein, 203

catheterization, 203
Subcutaneous emphysema, 141
Subdural hematoma (SDH), 297

acute, 298
subacute, 298

Sublingual capnometry, 345
resuscitation, 360

Subluxation, 283
Submental intubation, 428

maxillofacial injuries, 428
Submersion victims

chest radiographs, 690
outcome rating scale, 694

Subxiphoid pericardial window technique,
478

Succinylcholine, 372
duration of action, 372
intraocular pressure (IOP) increase, 425
intubation for, 662
NMB drugs, 368
pediatric trauma, 703
potassium release, 372
resuscitation, 669

[Succinylcholine]
rapid sequence induction (RSI) and, 86
tracheal intubation, 661

Sucking chest wounds, 473
treatment, 143

Suction
definitive airway management, 158
devices, 137

Suicide, 37
Suitcase weapons

effects, 766
Sulfa, 22
Superficial cervical plexus blockade

shoulder distribution, 391
Superior laryngeal nerve (SLN), 177, 178
Superior vena cava (SVC), 199
Supine hypotensive syndrome, 747
Surface electrical stimulation

nerve localization, 388
Surgery

emergent
surgical intensive care unit, 411

primary priorities, 326
Surgical airway

difficult trauma airway, 171
Surgical blood salvage, 208
Surgical cricothyroidectomy, 139, 173
Surgical intensive care unit (SICU), 83, 97

dynamic fluoroscopy, 288
resuscitation, 355, 409–411

SVC. See superior vena cava (SVC)
SVR. See systemic vascular resistance (SVR)
Swan-Ganz catheter, 200
Sympathetic nervous system (SNS), 592
Symphysis pubis

components, 534
Symptomatic ischemic heart disease, 730
Symptomatic urticaria, 294
Syncope

common causes in elderly, 732
Synergistic necrotizing cellulitis, 567
Synthetic skin substitutes

burn trauma, 679
Systemic inflammatory response syndrome

(SIRS), 645
Systemic vascular resistance (SVR), 656

geriatric, 741
Systemic vasodilation, 634
Systolic blood pressure (SBP), 219, 338

ventilation, 237
Systolic pressure variation (SPV), 524, 666

Tabun, 775
Tactical decision-making under stress

(TADMUS), 110
TADMUS. See tactical decision-making

under stress (TADMUS)
TAI. See traumatic aortic injury (TAI)
Tamponade, 824
TBI. See traumatic brain injury (TBI)
TCA. See tricyclic antidepressants (TCAs)
TDR. See traumatic diaphragmatic rupture

(TDR)
TEA. See thoracic epidural analgesia

(TEA)
Team

competence, 101
conflicts, 102
decision-making, 104
definition, 101
dynamics

operating room, 826

[Team]
leader, 102, 103
organization, 102
performance, 101–110

evaluation, 108
training, 101

computerized simulation, 109
cross training, 107
future considerations, 109
military and aviation industry lessons,

110
scenario designs, 108
situation-based course, 108
techniques, 106–107
traditional exercises, 106–107

validated competency assessment
metrics, 109

video analysis, 109
Tear gas, 600
TEE. See transesophageal echocardiography

(TEE)
Teeth wiring/banding

maxillofacial injuries, 428
TEG. See thromboelastograph (TEG)
Telemedicine, 46

advances, 51
increasing safety transport, 132

Temperature, 796
monitoring, 341

Temporary closure method
performance, 415

Tendons
extremity, 564

Tension pneumothorax, 143, 305, 307, 472,
828

treatment, 472
Tertiary survey (TS), 262, 835–843

chest radiograph, 836
future considerations, 843
history, 836
pediatric, 844
policy decisions, 835
resuscitation, 843
standardized admission forms, 836
transport, 836
trauma, 844

Tetanus immunization status, 355
Tetrodotoxin

anesthetic potency, 607
Thallium, 610
Theophylline

toxicity, 603
Thermal conductivity

water, 817
Thermal injuries

biomechanical forces generated, 29
pregnancy trauma, 755
protection, 733

Thermal management
abdominal injuries, 526

Thermoregulation, 796
Thiopental

brain effects, 371
myocardial depression, 192
rate oxygen consumption effect, 434

Thoracic duct
penetrating neck trauma, 459

Thoracic epidural analgesia (TEA)
elderly, 736

Thoracic spine, 502
degree violent trauma, 513
surgery, 507
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Thoracoabdominal area
penetrating wounds, 482

Thoraco-lumbar-sacral (TLS) spine
precautions, 259

Thoracolumbar spine, 302, 501
diagnostic imaging, 302
examination, 260
imaging, 303
pediatric, 711
surgical monitoring, 508

Thoracoscopic surgery
stabilization/decompression, 512
video-assisted, 483

Thoracostomy
needle, 49, 143

Thoracotomy, 479–481. See also resuscitation
thoracotomy

definitions, 248
Thorax. See chest
Thought process errors, 821
Thrombocytopenia, 625
Thromboelastograph (TEG)

liver transplantation, 343
Thromboembolism, 548

geriatric, 741
Thromboplastin

DIC causes, 565
Thrombosis

deep vein, 495, 527
Thyroid hormone, 219
TIA. See transient ischemic attacks (TIAs)
Tick-born paralysis, 629
Tissue expanders

preoperative uses benefit, 413
TIVA. See total intravenous anesthetic

(TIVA) technique
TLS. See thoraco-lumbar-sacral (TLS) spine

precautions
TOM. See toxic oxygen metabolites (TOM)
Topical hypothermia

methylprednisolone, 208
Total intravenous anesthetic (TIVA)

technique, 376
opioid infusion, 376

Tourniquets
bilateral lower extremity, 555
extremity, 555

Toxic chemicals
didactic instruction, 78

Toxic exposure, 78. See also poisoning
motor examination, 591
sensory examination, 591
vital signs patient, 591

Toxic gases, 598
inhaled, 597–600

Toxic ingestion, 601–603
animal-derived, 606

Toxicology screening, 584
Toxic oxygen metabolites (TOM), 353
Toxic substances

specific antidotes, 612–613
Toxidromes, 591
Toxins

amphibian, 626
animal, 620
as biologic agents, 773–774
botulinum, 774

Trachea
intubation, 139, 140, 175, 429

direct, 188
rupture, 307
signs for deviation, 259

Tracheal intubation
open neck wounds, 188

Tracheobronchial injuries
diagnostic imaging, 306
FOB examination, 472
perioperative assessment and

management, 471
Tracheostomy, 124

alternatives to, 428
emergency airways, 173
FOB-assisted intubation, 168
maxillofacial injuries, 428, 429
schematics, 174

Traction
extremity, 556

Transcranial electrical simulation, 511
Transcranial motor-evoked potential

stimulation
spine surgery, 512

Transcutaneous nerve localization, 388
TransCyte, 671

burn wounds, 671–672
Transesophageal echocardiography (TEE),

91, 241
cardiothoracic trauma, 491
fluid resuscitation, 227
MRI studies, 296
pulmonary artery (PA) hypertension, 359
resuscitation, 359

Transfusion. See also platelet; packed red
blood cells (PRBCs); fresh frozen
plasma (FFP)

extremity, 554
massive, 526
threshold, 228

Transient ischemic attacks (TIAs), 742
Transport. See also aeromedical transport

fixed-wing, 117
intrahospital, 91–93
optimum mode, 48
patient, 115–132
personnel, 117, 120
rotary-wing, 117
unstable patients, 151

Transtracheal injection, 179
Trapped gas

long-range transport, 126
Trauma. See also acute trauma

history, 1–21
leading global causes, 26
males, 35
mechanisms and epidemiology, 25–39
premature death, 98
recreational drug use, 575

Trauma bay
examples, 85
military trauma resuscitation suite (TRS), 86
NATO approval, 84
schematic drawing, 84

Trauma center and trauma system, 51–54
defining, 51–54
effectiveness, 54
future considerations, 54
hospital deaths, 54
triage procedure evaluation, 79

Trauma crew resource management, 107
Trauma environment

clutter, 105
disorganization, 105
human factors, 103–105
job performance, 104

Trauma index, 62
Trauma injury severity score (TRISS), 44

probability of patient survival, 65
trauma injury predictions, 65
values, 65

Trauma management pitfalls, 821–831
Trauma registries, 66, 79
Trauma resuscitation suite (TRS), 83

anesthesiologist, 326
NATO, 83
prehospital period, 353
pulse check, 236
resuscitation goals, 355
surgical intensive care unit (SICU), 293
trauma patients, 548

Trauma score-injury severity score (TS-ISS),
65

Trauma scoring, 60, 61
definition and categorization, 59
models, 59
and triage, 59–78

Trauma social worker
family communication, 719

Trauma surgeon
benefit in-house, 842

Trauma surgery, 9
goals monitoring, 335

Trauma survivors
acute stress disorder (ASD), 73
posttraumatic stress disorder (PTSD), 73

Traumatic amputations
extremity, 560
resuscitation, 570

Traumatic aortic injury (TAI), 303
diagnosis, 480
mechanisms, 480
surgical repair, 481

Traumatic asphyxia, 483
diagnosis, 483

Traumatic brain injury (TBI), 3, 433–443. See
also head injury

airway management, 185, 194
anesthetic selection, 569
association of ischemia, 440
base deficit (BD), 148, 357
cerebral blood flow (CBF) correlation, 433
condition worsening during transport,

123
CPP, 371
C-spine injury, 366
CT, 297, 436, 841
deaths, 47
difficult intubation, 184
elderly mortality, 745
geriatric, 735
induction etomidate, 434
intracranial pressure monitoring, 436
neuroprotective agents in development

for, 443
patient deterioration GCS scores, 433
pediatric, 708, 709
pupils, 152
therapeutic hypothermia, 805
therapy, 55

Traumatic diaphragmatic rupture (TDR),
307

Traumatologist
scoring system development, 59

Treatment
patient information, 51
planning, 255

Trench foot, 809
Triage

advanced, 256
American Burn Association criteria, 654
applications, 67
biological agents decontamination, 789
burn injuries, 648–654
cards, 70, 71
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[Triage]
decisions, 73
definitions, 67
in-hospital (secondary), 72
limitations and pitfalls, 73
methodologies, 69
nomenclature, 76
operating room vs. trauma resuscitation

suite, 326
out-of-hospital, 68–71
pediatrics, 78
prehospital, 67
radiation incidents, 75
special situations, 74
tags, 71, 72
trauma scoring, 59–78
treatment priority, 68
war, 78

Triamcinolone
benefits in patients with focal injuries, 442

Tricyclic antidepressants (TCAs), 593, 639
overdose, 603
toxicity, 603

Triiodobenzoic acid, 294
TRISS. See trauma injury severity score

(TRISS)
TRS. See trauma resuscitation suite (TRS)
Tryptase, 635
TS. See tertiary survey (TS)
Tularemia, 771
Two-hand mask ventilation technique, 163

Uncooperative patients
difficult trauma airway, 168

Uniform method of reporting trauma data,
66

UNIH. See US National Institutes of Health
(UNIH)

Unintentional injuries, 35–36
children, 36
deaths, 686
financial costs estimates, 33
prevention, 32
victims, 32

Univent tube, 507
Unobstructed airway

sequences, 164
Unrecognized esophageal intubation, 191
Unstable patients

difficult trauma airway, 168
Ureteral injuries

complexity repair, 408
Urethral injuries, 317
Urethrography, 539
Urgent injuries, 327
Urine

alkalinization, 596
collecting system, 408
output, 341

initial circulation assessment and shock
prevention, 237

perfusion, 220
resuscitation adequacy, 358

toxicology testing, 585
Urogenital injuries

pediatric, 716
Urologic system

chronic spinal cord injury, 505
Urticaria

symptomatic, 294
US Medical Licensor Examination

(USMILE), 109
US National Institutes of Health (UNIH),

130

Uterus
blood flow, 747
rupture, 756

Utstein Style, 66

VAE. See venous air embolism (VAE)
Vagina

bleeding, 756
examination, 260, 520

Valerian, 611
Vancomycin, 568, 637
Variola virus infection, 772
Vascular assessment, 260
Vascular compromise

characteristics, 260
Vascular injury

complication airway management, 462
penetrating neck trauma, 462

Vascular trauma
evidence for operative intervention, 456

Vasoconstriction
gastrointestinal tract, 656
ischemia correlation, 216
threshold, 799

Vasodilatory shock, 634
Vasopressors and inotropes

definitive airway management, 159
Venomous lizards, 625
Venomous reptiles, 619
Venomous sea snakes, 624
Venomous snakes, 619–625, 621
Venom toxicity, 621
Venous air embolism (VAE)

detection, 463–464
Venous drainage

pelvic trauma, 536
Venous hematomas, 536
Ventilation

assessment, 470
BLS, 751
equipment

definitive airway management, 157
failure to, 190
pediatric, 717

Vertebral artery
associated with penetrating neck trauma

injuries, 457
management, 458
penetrating neck trauma, 457
surgical management, 456

Vertebral body alignment, 300
Vertebral column

lateral view, 300
Vertebral spine, 501–513

anatomy, 501
anesthesia-related complications, 512
epidemiology, 501
future considerations, 512
intraoperative management, 507–508
mechanism injury, 501
pathophysiology, 502
preoperative evaluation, 502–505
preoperative preparation, 506–507
somatosensory and motor-evoked

potential monitoring, 508–512
Vertebra prominens, 270
Vertical displacement injury, 545
Vesalius, Andreas, 9
Vesicant (blister agents), 600, 778–782
VHF. See viral hemorrhagic fever (VHF)
Vibrio infection, 565
Video-assisted thoracoscopic

surgery, 483
Vienna Dioscorides, 6

Violence
WHO definition, 37

Vipers, 623
Viral hemorrhagic fever (VHF), 773
Viscosity

definition, 198
demonstration increase, 199

Visual loss
age, 731

Vital signs
fluid resuscitation, 219
patient information, 51

Volatile anesthetics, 375
Volatile substances abuse, 576
Volume requirements

resuscitation, 357–358
Vomiting

geriatric, 742, 742

War gases, 600
Warming, 818

devices, 341
fluid resuscitation, 221

Warm zones
contamination levels, 72

War-related injuries, 38
Wasps, 628
Water

intravenous delivery flow rate, 197
mean flow rates, 198

Weapons of mass destruction (WMDs),
765–789

biological agents, 765–774
characteristics, 765
chemical agents, 774–783
history, 766, 789
identification, 767
radiological agents, 784–785

Wedge compression fractures, 273
WHO. See World Health Organization

(WHO)
Winnie method (interscalene block), 390
Working Group on Civilian

Biodefense, 771
World Health Organization (WHO), 33

coding disease, 33
World War I

burn care, 646
fluid resuscitation, 49
medicine advances made prior, 15
nerve blocks, 17
pain relief, 16

World War II
antibacterial agents, 22
contaminated wounds, 18
ergonomics, 103
treating wounded soldiers advances, 17

Wounds
animal bites, 619
gunshot, 29
healing, 570
open, 666
shotgun, 29
sucking chest, 473

Wrist block, 394

Xenon, 379
anesthetic properties, 379
trauma care, 379

Xiphoid process, 309

Years of productive life lost (YPLL), 33

Zygoma, 421
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