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 Introduction  
  N. E.     Gilhus, 1        M. P.     Barnes, 2        M.     Brainin 3   
   1 University of Bergen and Department of Neurology, Haukeland University Hospital, Bergen, Norway;        2 Professor of Neurological 
Rehabilitation Hunters Moor Neurorehabilitation Ltd;        3 Center of Clinical Neurosciences, Donau - Universit ä t Krems, and 
Landesklinikum Tulln, Austria       

tables  3  and  4 , for therapeutic and diagnostic measures. 
For several important neurological questions, no high -
 class scientifi c evidence is available. The recommenda-
tion of  ‘ Good Practice Point ’  can be given when only 
Class IV evidence has been published.   

 The aim of developing, publishing, and disseminating 
European guidelines is to improve neurological practice. 
The preliminary work and extensive drafting of recom-
mendations, based on evaluation of clinical trials and 
meta - analyses by a group of leading experts is not visible 
in the end product. It is therefore justifi ed to note that 
the process of establishing high - quality guidelines is 
based on the right mix of experts, usually from a wider 
selection of European countries. This is what the Scien-
tifi c Committee of the EFNS does. It reviews task forces 
from these panels to develop such guidelines and reviews 
their performance as well as their fi nal recommenda-
tions. Invariably, external reviewers are also involved. 
Attention is given to confl ict of interest declarations by 
all members of the guideline group. The product is what 
the current President of the EFNS, Richard Hughes, once 
called the  ‘ fi rst peer - reviewed book in the world ’ . We 
cannot think of a better characterization. 

 This Handbook is primarily written for European neu-
rologists, but should be helpful also for other groups of 
health professionals treating patients with disorders of 
the brain, spine, nerve, and muscle. Clinical experience 
and present practice do not always give good guidance 
for best treatment. The guideline chapters in this Hand-
book are among the most frequently cited articles that 
have been published in  European Journal of Neurology . 

 A challenge for quality control in neurology, as well as 
in medicine in general, is how to promote the implemen-
tation of guidelines in the daily, patient - related work. 
A fi rst prerequisite is the awareness of their existence, 
and then their availability. This second edition of the 
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  This second edition of the  European Handbook of Neuro-
logical Management  includes peer - reviewed guidelines on 
topics highly relevant for all areas of neurological prac-
tice. The fi rst edition of this Handbook was published in 
2006. Since then there has been an ongoing development 
in all fi elds of neurology, making a revision necessary. All 
authors have revised and updated their chapters, and the 
newly submitted guidelines have gone through an exten-
sive peer review. All guideline chapters had previously 
also been published in the  European Journal of Neurology . 
Of the revised documents, only 15 will be published in 
the journal, having been selected mainly due to the anti-
cipated interest of the topic and the extent of revision due 
to new developments in their fi eld. The remaining revi-
sions are published in this Handbook only. Thus, the 
revised Handbook is the new and complete compendium 
for all EFNS guidelines. 

 The guidelines in this  European Handbook of Neuro-
logical Management  are produced according to the rules 
given by EFNS and the EFNS Scientifi c Committee. 
All 24 EFNS Scientist Panels ( www.efns.org/Scientist -
 Panels.15.0.html ) are continuously encouraged to estab-
lish such task forces with the aim of producing guidelines 
relevant in their fi eld. 

 The search for and evaluation of scientifi c evidence is 
for all guidelines undertaken according to the EFNS 
guidance paper  [1] . The classifi cation of evidence is 
explained in the enclosed tables for therapeutic interven-
tion and for diagnostic measures, respectively (tables  1  
and  2 ). As for the recommendations, these are graded 
from A to C. The scheme for this grading is explained in 
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2 Introduction

  Table 1    Evidence classifi cation scheme for a therapeutic 
intervention. 

   Class I    An adequately powered prospective, randomized, 
controlled clinical trial with masked outcome assessment in a 
representative population  or  an adequately powered 
systematic review of prospective randomized controlled 
clinical trials with masked outcome assessment in 
representative populations. The following are required: 
  (a)     randomization concealment;  
  (b)     primary outcome(s) is/are clearly defi ned;  
  (c)     exclusion/inclusion criteria are clearly defi ned;  
  (d)     adequate accounting for dropouts and crossovers with 

numbers suffi ciently low to have minimal potential for 
bias;  

  (e)     relevant baseline characteristics are presented and 
substantially equivalent among treatment groups or 
there is appropriate statistical adjustment for differences.     

   Class II    Prospective matched group cohort study in a 
representative population with masked outcome assessment 
that meets a – e above  or  a randomized, controlled trial in a 
representative population that lacks one criteria a – e.  

   Class III    All other controlled trials (including well - defi ned 
natural history controls or patients serving as own controls) 
in a representative population, where outcome assessment is 
independent of patient treatment.  

   Class IV    Evidence from uncontrolled studies, case series, case 
reports, or expert opinion.  

  Table 2    Evidence classifi cation scheme for a diagnostic 
measure. 

   Class I    A prospective study in a broad spectrum of persons 
with the suspected condition, using a  ‘ gold standard ’  for 
case defi nition, where the test is applied in a blinded 
evaluation, and enabling the assessment of appropriate tests 
of diagnostic accuracy.  

   Class II    A prospective study of a narrow spectrum of persons 
with the suspected condition, or a well - designed 
retrospective study of a broad spectrum of persons with an 
established condition (by  ‘ gold standard ’ ) compared to a 
broad spectrum of controls, where the test is applied in a 
blinded evaluation, and enabling the assessment of 
appropriate tests of diagnostic accuracy.  

   Class III    Evidence provided by a retrospective study where 
either persons with the established condition or controls are 
of a narrow spectrum, and where the test is applied in a 
blinded evaluation.  

   Class IV    Any design where the test is not applied in blinded 
evaluation or evidence is provided by expert opinion alone 
or in descriptive case series (without controls).  

  Table 3    Evidence classifi cation scheme for the rating of 
recommendations for a therapeutic intervention. 

   Level A  (established as effective, ineffective, or harmful) 
requires at least one convincing Class I study or at least two 
consistent, convincing Class II studies.  

   Level B  (probably effective, ineffective, or harmful) requires at 
least one convincing Class II study or overwhelming Class III 
evidence.  

   Level C  (possibly effective, ineffective, or harmful) requires at 
least two convincing Class III studies.  

  Table 4    Evidence classifi cation scheme for the rating of 
recommendations for a diagnostic measure. 

   Level A  (established as useful/predictive or not useful/
predictive) requires at least one convincing Class I study or 
at least two consistent, convincing Class II studies.  

   Level B  (established as probably useful/predictive or not useful/
predictive) requires at least one convincing Class II study or 
overwhelming Class III evidence.  

   Level C  (established as possibly useful/predictive or not useful/
predictive) requires at least two convincing Class III studies.  

Handbook should help with this aspect. We recommend 
that the guidelines are used widely, and also for retro-
spective and prospective quality control studies, to check 
if actual therapeutic and diagnostic procedures are 
undertaken in accordance with best clinical practice. Too 
little attention is often given to the effective dissemina-
tion, adoption, and implementation strategies for clinical 
guidelines. 

 Several of the guidelines in this Handbook represent 
joint projects between EFNS and more disease - specifi c 
European neurological societies. Such co - operation 
between general neurological societies and disease - spe-
cifi c organizations is an aim for EFNS both regarding 
guideline production and in general. The European 
Stroke Organisation has produced the guideline on stroke 
in this Handbook. The Movement Disorder Society  –  
European Section and the International Peripheral Nerve 
Society have contributed to the guideline production. In 
the future, we hope for more co - operation with European 
and international societies regarding all aspects of the 
guideline production, from defi ning the topic and mem-
bership to approval of the fi nal guideline. 
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 Better treatment and more exact diagnosis is needed 
in European neurology. There is often a gap between best 
practice and what is actually carried out for the individ-
ual patient. Guidelines represent an important tool to 
minimize this gap. Suboptimal treatment may sometimes 
be due to lack or resources, especially in poor countries. 
In arguing for suffi cient resources, requirements as listed 
in the guidelines of this European Handbook may be 
helpful. Diseases of the brain and nervous system repre-
sent one - third of the total burden of disease in Europe, 
and they incur huge costs on the society. The direct costs 
of treatment and diagnosis represent only a small part of 
the total cost, so that real improvements for patients ’  
function and ability will usually be highly cost - effective. 

 These guidelines clearly demonstrate the need for 
more research. Even for several established treatments 
and diagnostic procedures there frequently is only weak 
scientifi c evidence. There is no doubt that practice is 
going on in all European departments that would not 
have been continued if properly controlled studies had 
been undertaken. Research is needed to select the best 
treatment and diagnostic options. Although the big 
breakthroughs usually come from basic research, there is 
room for much improvement by optimizing what is 
already available to most neurologists. EFNS intends to 
support multinational European initiatives to help in this 
process. 

 Guidelines represent recommendations. They should 
not have legally binding implications. In disputed cases, 
actual practice will be compared with approved guide-
lines. For the individual patient, there may, however, be 
reasons to deviate from guideline recommendations. 
Still, there is a clear and wanted development towards a 
stronger quality control of neurological practice, includ-
ing the systematic use of international guidelines. 

 The editors thank all the authors who have contrib-
uted to this second edition of the  European Handbook of 
Neurological Management . Their work to evaluate and 
update all new scientifi c and controlled information in 
their fi eld as a joint effort within the task force is highly 
appreciated. Lisa M ü ller, executive director of the EFNS, 
has done a formidable job in following up the task forces. 
We will especially thank Professor Richard Hughes, Pres-
ident of EFNS, who was the leading editor of the fi rst 
edition of this Handbook and a key person in initiating 
and organizing the guideline work within EFNS. 

  Reference 

  1.       Brainin   M  ,   Barnes   M  ,   Baron   JC  ,   et al  .  Guidance for the prep-
aration of neurological management guidelines by EFNS 
scientifi c task forces  –  revised recommendations 2004 .  Eur 
J Neurol   2004 ; 11 : 577  –  81 .     

       





  CHAPTER 1 

Routine  c erebrospinal  fl  uid ( CSF )  a nalysis  
  F.     Deisenhammer, 1        A.     Bartos, 2        R.     Egg, 1        N. E.     Gilhus, 3        G.     Giovannoni, 4        S.     Rauer, 5     
   F.     Sellebjerg, 6        H.     Tumani 7   
   1 Innsbruck Medical University, Austria;        2 Charles University, Prague, Czech Republic;        3 University of Bergen, and Haukeland 
University Hospital, Bergen, Norway;        4 University College London, Queen Square, London, UK;        5 Albert - Ludwigs University, 
Freiburg, Germany;        6 Copenhagen University Hospital, Denmark;        7 University of Ulm, Germany       

conducted. Also, the key words  ‘ cerebrospinal fl uid ’  
or  ‘ CSF ’  were cross - referenced with  ‘ glucose ’ ,  ‘ lactate ’ , 
 ‘ cytology ’ ,  ‘ cell *  in title ’  excluding  ‘ child *  ’ . Furthermore, a 
search for  ‘ cerebrospinal fl uid ’  and  ‘ immunoglobulin ’  and 
 ‘ diagnosis ’  and  ‘ electrophoresis ’  or  ‘ isoelectric focusing ’  
was performed limited to the time between 1 January 
1980 and 1 January 2005, and returned only items with 
abstracts, and English language (274 references). A search 
for  ‘ cerebrospinal fl uid ’  AND  ‘ infectious ’  limited for time 
(1 January 1980 until now) returned 560 abstracts. 
Abstracts that primarily did not deal with diagnostic 
issues and infectious CSF (e.g. non - infectious infl am-
matory diseases, vaccination, general CSF parameters, 
pathophysiology, cytokines and therapy) were excluded, 
resulting in 60 abstracts. Searching the items  ‘ cerebrospi-
nal fl uid ’  AND  ‘ serology ’  limited for time (1 January 1980 
until now) and excluding abstracts not directly related to 
the topic returned 35 abstracts and a search for  ‘ cerebro-
spinal fl uid ’  AND  ‘ bacterial culture ’  limited for time 
(1 January 1980 until now) resulted in 28 abstracts. 

 For the current update (deadline October 2009) all the 
above search terms and selection criteria were applied for 
the time between 2005 and now. 

 Because this was not included in the fi rst edition an 
additional MEDLINE search for the items  ‘ cerebrospinal 
fl uid analysis ’  AND  ‘ quality assurance ’  from 1981 until 
now returned 87 references. Only 15 of these references 
dealt primarily with quality assurance aspects of cerebro-
spinal fl uid analysis. 

 The abstracts were selected by the author in charge of 
the respective topic. 

 In addition, textbooks and articles identifi ed in refer-
ence lists of individual papers were selected if considered 
appropriate. 
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   Introduction 

 The cerebrospinal fl uid (CSF) is a dynamic, metabolically 
active substance that has many important functions. It is 
invaluable as a diagnostic aid in the evaluation of infl am-
matory conditions, infectious or non - infectious, involv-
ing the brain, spinal cord, and meninges, as well as in 
CT - negative subarachnoidal haemorrhage and in lepto-
meningeal metastases. CSF is obtained with relative ease 
by lumbar puncture (LP). Alterations in CSF constituents 
may be similar in different pathologic processes and 
cause diffi culties in interpretation. Combining a set of 
CSF variables referred to as routine parameters (i.e. 
determination of protein, albumin, immunoglobulin, 
glucose, lactate, and cellular changes, as well as specifi c 
antigen and antibody testing for infectious agents) will 
increase the diagnostic sensitivity and specifi city. 

 The aim of this guideline paper was to produce recom-
mendations on how to use this set of CSF parameters in 
different clinical settings and to show how different con-
stellations of these variables correlate with diseases of the 
nervous system (table  1.1 )  [1] .    

  Search  s trategy 

 A MEDLINE search using the search terms cerebrospinal 
fl uid (CSF), immunoglobulin G (IgG) immunoglobulin 
M (IgM), immunoglobulin A (IgA), and albumin was 

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
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6 SECTION 1  Investigations

levels in childhood. In adults, CSF protein concentrations 
increase with age  [4, 5]  (Class I). The CSF to serum 
albumin concentration quotient ( Q  alb ) can also be used 
to evaluate blood – CSF barrier integrity  [6] . The  Q  alb  is 
not infl uenced by intrathecal protein synthesis, is cor-
rected for the plasma concentration of albumin, and is 
an integral part of intrathecal immunoglobulin synthesis 
formulae. The  Q  alb  is a method - independent measure, 
allowing the use of the same reference values in different 
laboratories  [7, 8] . However, there are no conclusive data 
on how the  Q  alb  performs compared to total protein as a 
measure of blood – CSF barrier function in large cohorts 
of unselected patients. 

 There is a concentration gradient for total protein and 
the  Q  alb  along the neuraxis, with the lowest concentra-
tions in the ventricular fl uid and the highest concentra-
tions in the lumbar sac  [2, 9] . A signifi cant decrease of 
the  Q  alb  was observed from the fi rst 0 – 4   ml of CSF to the 
last 21 – 24   ml of CSF obtained by LP  [7]  (Class I). The 
 Q  alb  is also infl uenced by body weight, sex, degenerative 
lower back disease, hypothyroidism, alcohol consump-
tion (Class II), and smoking (Class III)  [10 – 13] . Posture 
and physical activity may infl uence the CSF protein 

 There are no guidelines for CSF analysis published by 
the American Academy of Neurology (AAN). Individual 
task force members prepared draft statements for various 
parts of the manuscript. Evidence was classifi ed as Class 
I – IV and recommendations as Level A – C according to 
the scheme agreed for EFNS guidelines  [1] . When only 
Class IV evidence was available but consensus could be 
reached, the task force has offered advice as Good Prac-
tice Points (GPP)  [1] . The statements were revised and 
adapted into a single document that was then revised 
until consensus was reached.  

  Quantitative  a nalysis of  t otal 
 p rotein and  a lbumin 

 The blood – CSF barrier is a physical barrier, consisting of 
different anatomical structures, for the diffusion and 
fi ltration of macromolecules from blood to CSF. The 
integrity of these barriers and CSF bulk fl ow determine 
the protein content of the CSF  [2, 3] . In newborns, CSF 
protein concentrations are high, but decrease gradually 
during the fi rst year of life, and are maintained at low 

  Table 1.1    Typical constellation of CSF parameters in some neurological diseases.  

        Total protein (g/l)     Glucose ratio     Lactate (mmol/l)     Cell count (per 3.2  µ l)     Typical cytology  

  Normal values a       0.45      0.4 – 0.5      1.0 – 2.9      15    MNC  
  Disease                      
  Acute bacterial 

meningitis  
                      1000    PNC  

  Viral neuro - infections 
(meningo/
encephalitis)  

    /        /            10 – 1000    PNC/MNC  

  Autoimmune 
polyneuropathy  

                            

  Infectious 
polyneuropathy  

                          MNC  

  Subarachnoidal 
haemorrhage  

                          erythrocytes, 
macrophages, 
siderophages 

 MNC  
  Multiple sclerosis                        /      MNC  
  Leptomeningeal 

metastases  
          /      NA      /      malignant cells, 

mononuclears  

   CSF, cerebrospinal fl uid; MNC, mononuclear cells; PNC, polymorphonuclear cells.   /  , increased/decreased;   , within normal limits; NA, 
evidence not available. 
 a Normal values are given for lumbar CSF in adults.   



CHAPTER 1  Routine cerebrospinal fl uid (CSF) analysis  7

of the IgG index ( Q  IgG / Q  alb )  [26 – 28] . Reiber ’ s hyperbolic 
formula and  Ö hman ’ s extended immunoglobulin indices 
are based on the demonstration of non - linear relation-
ships between the  Q  alb  and CSF - serum concentration 
quotients for IgG, IgA, and IgM  [3, 29, 30] . For the detec-
tion of intrathecal IgG synthesis, the detection of IgG 
oligoclonal bands is superior to the IgG index and the 
non - linear formulae both in terms of diagnostic sensitiv-
ity and specifi city. However, the detection of IgG oligo-
clonal bands is technically more demanding than the 
quantitative measures, and it has been suggested that in 
the setting of suspected multiple sclerosis (MS), oligoclo-
nal bands analysis may be omitted in patients with an 
IgG - index value above 1.1, as almost 100% of such 
patients turn out to have intrathecally synthesized IgG 
oligoclonal bands (F. Deisenhammer, unpublished data).   

 In studies comparing CSF fi ndings in patients with MS 
and other neurological diseases, non - linear formulae 
were superior  [33, 34] . Intrathecal IgA, IgG, and IgM 
synthesis formulae may be helpful in discriminating 
between different infectious diseases of the nervous 
system  [36, 37]  (Class III). However, one study suggested 
that increased values of the Reiber formula do not always 
refl ect intrathecal IgM synthesis as increased values were 
observed in several patients with non - infl ammatory dis-
eases without IgM oligoclonal bands in CSF  [38]  (Class 
II). In conclusion, there is no evidence to support the 
routine use of quantitative assessment of intrathecal 
immunoglobulin synthesis in the diagnosis of neurologi-
cal diseases, but in the setting of suspected MS, the IgG 
index may be used as a screening procedure to determine 
intrathecal IgG synthesis.  

  Qualitative ( o ligoclonal)  i ntrathecal 
IgG  s ynthesis 

 The detection of intrathecal oligoclonal IgG in the CSF 
is useful diagnostically, particularly as it is one of the 
laboratory criteria supporting the clinical diagnosis of 
MS  [39] . In addition, it can be used to assist in the 
diagnosis of other putative autoimmune disorders of 
the CNS, such as paraneoplastic disorders and CNS 
infections  [40 – 42] . 

 Using electrophoresis techniques it is possible to clas-
sify the humoral responses according to the number of 
antibody clones produced (i.e. monoclonal, oligoclonal, 

concentration, resulting in higher CSF protein concen-
trations in inactive, bed - ridden patients  [13]  (Class III). 
Elevated CSF protein concentrations can be found in the 
majority of patients with bacterial (0.4 – 4.4   g/l), crypto-
coccal (0.3 – 3.1   g/l), tuberculous (0.2 – 1.5   g/l) meningitis 
and neuroborreliosis  [14 – 17]  (Class II). A concentration 
of   1.5   g/l is specifi c (99%), but insensitive (55%) for 
bacterial meningitis as compared to a variety of other 
infl ammatory diseases  [18]  (Class I). 

 In viral neuroinfections, CSF protein concentrations 
are raised to a lesser degree (usually   0.95   g/l)  [16]  (Class 
II). The concentration in herpes simplex virus encepha-
litis is normal in half of the patients during the fi rst week 
of illness  [19]  (Class IV). 

 Non - infectious causes for an increased CSF protein 
and sometimes with an increased cell count include sub-
arachnoidal haemorrhage, central nervous system (CNS) 
vasculitis, and CNS neoplasm  [20]  (Class IV). Elevated 
total protein concentration with normal CSF cell count 
(albuminocytologic dissociation) is a hallmark in acute 
and chronic infl ammatory demyelinating polyneuropa-
thies but protein levels may be normal during the fi rst 
week  [21, 22]  (Class IV). Total CSF protein is elevated in 
80% of patients with leptomeningeal metastases with a 
range of a median concentrations between 1 and 2.4   g/l 
and even wider individual ranges  [23, 24] (Class III). In 
addition, normal pressure, hydrocephalus, spinal steno-
sis, polyneuropathy, and high body weight and body mass 
index have been associated with increased CSF - serum 
albumin quotients  [25]  (Class III). 

 In conclusion, there is Class I evidence that increased 
 Q  alb  and total CSF protein concentrations are mainly 
supportive of bacterial, cryptococcal, and tuberculous 
meningitis as well as leptomingeal metastases. As  Q  alb  or 
protein is usually not the only CSF investigation, the 
combination with other CSF variables will increase the 
diagnostic specifi city, like albuminocytologic dissocia-
tion in Gullain – Barr é  syndrome.  

  Quantitative  i ntrathecal 
 i mmunoglobulin  s ynthesis 

 Intrathecal Ig synthesis is found in various, mainly 
infl ammatory CNS diseases (table  1.2 ). There is a close 
correlation between the  Q  alb  and the CSF - serum IgG con-
centration quotient ( Q  IgG ), which led to the development 
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of cases with oligoclonal bands (for a more detailed list 
please see  [32] ). Local synthesis of oligoclonal bands is 
therefore not diagnostic and has to be interpreted in the 
clinical context. A recently published recommendation 
regarding detection of oligoclonal bands concluded as 
follows  [45] :

  The single most informative analysis is a qualitative 

assessment of CSF for IgG, best performed using IEF 

together with some form of immunodetection (blotting 

or fi xation). This qualitative analysis should be performed 

using unconcentrated CSF and must be compared directly 

with serum run simultaneously in the same assay in an 

adjacent track. Optimal runs utilize similar amounts of 

IgG from paired serum and CSF. Recognised positive and 

negative controls should be run with each set of samples.     

 In putative non - infectious infl ammatory disorders of 
the CNS there is Class I evidence to support the use of 

and polyclonal responses; fi gure  1.1 ). Earlier methods 
have now been superseded by the development of the 
more sensitive technique of isoelectric focusing (IEF) and 
immunofi xation  [6] .   

 Isoelectric focusing uses a pH gradient to separate IgG 
populations on the basis of charge, which are then trans-
ferred onto a nitro - cellulose or other membrane before 
immunostaining using an anti - human immunoglobulin 
 [43] . Some laboratories continue to use silver staining to 
detect oligoclonal bands (OCBs) with good results  [44] . 

 As CSF is an ultrafi ltrate of plasma, it contains 
immunoglobulins that are passively transferred from the 
plasma, as well as immunoglobulins synthesized locally. 
Any systemic pattern of immunoglobulin production 
seen in plasma or serum will therefore be mirrored in the 
CSF. It is imperative that any CSF analysis for oligoclonal 
bands is accompanied by a paired blood analysis. 

 An oligoclonal intrathecal IgG antibody response is 
not specifi c. Table  1.3  provides a list with the proportion 

  Table 1.2    Percentage of patients in different categories of disease with elevated IgA - index, IgG - index, IgM - index, or non - linear 
intrathecal synthesis formula values (data from  [31 – 35] ). Unexpected increases are more common with the IgA index, IgG index, and 
IgM index than with corresponding non - linear formulae.  

        IgG (%)     IgA (%)     IgM (%)  

  No infl ammatory and no CNS disease      5      5      5  

  Non - infl ammatory CNS disease              
  (including degenerative              
  and vascular diseases)      25  a        5      5  

  Infections of the nervous system    25 – 50    25    25  
     Bacterial infections    25 – 50    25 – 50      25  
     Viral infections    25 – 50      25      25  
     Lyme neuroborreliosis    25 – 50      25    75  

  Multiple sclerosis    70 – 80      25      25  
     Clinically isolated syndromes    40 – 60      10      25  

  Infl ammatory neuropathies    25 – 50  a      25 – 50  a      25 – 50  a    

  Neoplastic disorders (in general)      25  a      ND    ND  
     Paraneoplastic syndromes      25    ND    ND  
     Meningeal carcinomatosis    25 – 50    ND    ND  
     Other neuroinfl ammatory diseases    25 – 50  b      ND  c      ND  

   CNS, central nervous system; ND, not determined in larger studies using non - linear immunoglobulin formulae.  
   a Usually not associated with oligoclonal bands (artefact in presence of barrier impairment);  
   b rare in biopsy - proven neurosarcoidosis;  
   c prominent IgA synthesis in adrenoleukodystrophy.   
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A CSF/serum glucose ratio less than 0.4 – 0.5 is considered 
to be pathological  [48]  (Class IV). CSF glucose takes 
several hours to equilibrate with plasma glucose; there-
fore, in unusual circumstances, levels of CSF glucose can 
actually be higher than plasma levels for several hours. 
During CSF storage glucose is degraded. Therefore, 
glucose determination must be performed immediately 
after CSF collection. 

 A high CSF glucose concentration has no specifi c diag-
nostic importance and is related to an elevated blood 
glucose concentration, for example in diabetics. 

 The behaviour of the CSF/serum glucose ratio in dif-
ferent neurological diseases is shown in table  1.1 . 

 The relevance of CSF lactate is similar to that of the 
CSF/serum glucose ratio. CSF lactate is independent of 
blood concentration  [49]  (Class IV). The normal value is 
considered to be   2.8 – 3.5   mmol/l  [50]  (Class II). Except 
for mitochondrial disease, CSF lactate correlates inversely 
with CSF/serum glucose ratio. An increased level can be 
detected earlier than the reduced glucose concentration. 

 Decreased CSF/serum glucose ratio or increased CSF 
lactate indicates bacterial and fungal infections or lepto-
meningeal metastases.  

  Cytological  e xamination 

 Cytological evaluation should be performed within 2   h 
after puncture, preferably within 30   min because of a 
lysis of both red blood cells and white blood cells  [51]  
(Class IV). 

 Cerebrospinal fl uid leukocytes are usually counted in 
a Fuchs - Rosenthal chamber (volume 3.2     l) and there-
fore counts are reported as  ‘ /3 ’  cells to correct for a 
standard volume of 1     l. A cytocentrifuge (cytospin), 
the Sayk sedimentation chamber, or membrane fi ltration 
can be used to obtain a suffi cient number of cells for 
cytology  [52] . For cellular differentiation May – Gruen-
wald – Giemsa staining is widely used but specifi c methods 
may be performed, especially for the detection of malig-
nant cells  [53, 54]  (Class II). 

 Lymphocytes and monocytes at the resting phase and 
occasionally ependymal cells are found in normal CSF. 

 An increased number of neutrophilic granulocytes can 
be found in bacterial and acute viral CNS infections  [54, 
55]  (Class II). In the postacute phase a mononuclear 
transformation occurs. 

     Figure 1.1.     IEF immunoblots of the fi ve consensus patterns of 
various CSF and serum isoelectric focusing patterns for local/
systemic synthesis. The pattern number is given above the paired 
samples. 
  Type 1 (C  S  ):  No bands in CSF and serum. Normal. 
  Type 2 (C + S  ):  Oligoclonal IgG is present in the CSF with no 
apparent corresponding abnormality in serum, indicating local 
intrathecal synthesis of IgG. Typical example: MS. 
  Type 3 (C +  > S + ):  There are IgG bands in both the CSF and serum, 
with additional bands present in the CSF. The oligoclonal bands 
that are common to both CSF and serum imply a systemic 
infl ammatory response, whereas the bands that are restricted to 
the CNS suggest that there is an additional CNS - only response. 
Typical examples: MS, systemic lupus erythematosus (SLE), sarcoid, 
etc. 
  Type 4 (C + S + ):  There are oligoclonal bands present in the CSF, 
which are identical to those in serum. This is not indicative of local 
synthesis, but rather, the pattern is consistent with passive transfer 
of oligoclonal IgG from a systemic infl ammatory response. Typical 
examples: Guillain – Barr é  syndrome, acute disseminated 
encephalomyelitis (ADEM), and systemic infections. 
  Type 5 (Para):  There is a monoclonal IgG pattern in both CSF and 
serum, the source of which lies outside the CNS. Typical examples: 
Myeloma, monoclonal gammopathy of undetermined signifi cance 
(MGUS).  

� �
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CSF IEF for both predictive and diagnostic testing in the 
diagnosis of MS. In other non - infectious infl ammatory 
disorders of the CNS, Class II and III evidence exists to 
support the use of CSF IEF to supplement other diagnos-
tic tests (table  1.3 ).  

   CSF   g lucose  c oncentration, 
 CSF / s erum  g lucose  r atio and  l actate 

 As glucose is actively transported across the blood – brain 
barrier the CSF glucose levels are directly proportional to 
the plasma levels and therefore simultaneous measure-
ment in CSF and blood is required. Normal CSF glucose 
concentration is 50 – 60% of serum values  [20]  (Class IV). 
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 Eosinophils are normally not present in CSF. The pres-
ence of 10 or more eosinophils/  l in CSF or eosinophilia 
of at least 10% of the total CSF leukocyte count is associ-
ated with a limited number of diseases, including para-
sitic infections and coccidioiodomycosis. It can occur in 
malignancies and react to medication and ventriculo-
peritoneal shunts  [58] . 

 Malignant CSF cells indicate leptomeningeal metasta-
ses. False - positive results often occur when infl am-
matory cells are mistaken for tumour cells or due 
to contamination with peripheral blood  [59] . False -
 negative detection of malignant cells on cytologic exam-
ination of CSF is common. Factors increasing the 
detection rate of malignant cells include a volume of 
at least 10.5   ml and repeating this procedure once if 
the cytology is negative. The detection rate of 50 – 70% 
after the fi rst investigation can be increased to 85 – 92% 
after a second puncture  [60]  (Class III). Further LPs will 
only slightly increase the diagnostic sensitivity  [61, 62]  
(Class III). 

 In conclusion, cell count is generally useful because 
most of the indications for CSF analysis include diseases 

 Upon activation, lymphocytes can enlarge or become 
plasma cells indicating an unspecifi c infl ammatory reac-
tion  [54, 56]  (Class IV). Resting monocytes enlarge and 
display vacuoles when activated. Macrophages are the 
most activated monocytes. These cell forms can occur in 
a great variety of diseases. 

 Erythrophages occur 12 – 18   h after haemorrhage. Sid-
erophages containing haemosiderin are seen as early as 
1 – 2 days after haemorrhage and may persist for weeks. 
Macrophages containing haematoidin (crystallized biliru-
bin) degraded from haemoglobin may appear about 2 
weeks after bleeding and are a sign of a previous subarach-
noid bleeding  [54]  (Class IV). However, spectrophotom-
etry of CSF involving bilirubin quantitation has been 
recommended as the method of choice to prove CT - neg-
ative subarachnoid bleeding up to 2 weeks after onset  [57] . 

 Lipophages indicate CNS tissue destruction. The pres-
ence of macrophages without detectable intracellular 
material is a non - specifi c fi nding, occurring in disc her-
niation, malignant meningeal infi ltration, spinal tumours, 
head trauma, stroke, MS, vasculitis, infections, and sub-
arachnoid haemorrhage  [54]  (Class IV). 

  Table 1.3    Infl ammatory diseases of the CNS associated with CSF oligoclonal IgG bands  [32] . 

   Disorder     Incidence of oligoclonal bands (%)     Evidence  

  Multiple sclerosis    95    Class I  a    
     Auto - immune          
     Neuro - SLE    50    Class III  
     Neuro - Beh ç et ’ s    20    Class II  
     Neuro - sarcoid    40    Class III  
     Harada ’ s meningitis - uveitis    60    Class III  

  Infectious          
     Acute viral encephalitis (  7 days)      5    Class II  
     Acute bacterial meningitis (  7 days)      5    Class II  
     Subacute sclerosing panencephalitis (SSPE)    100    Class I  
     Progressive rubella panencephalitis    100    Class I  
     Neurosyphilis    95    Class I  
     Neuro - AIDS    80    Class II  
     Neuro - borrelliosis    80    Class I  

  Tumour      5    Class III  
     Hereditary          
     Ataxia - telangiectasia    60    Class III  
     Adrenoleukodystrophy (encephalitic)    100    Class II  

   CNS, central nervous system; CSF, cerebrospinal fl uid; IgG, immunoglobulin G; SLE, systemic lupus erythematosus. 
 a This is based on studies using the Poser diagnostic criteria  [46]  that were validated against the original Schumacher criteria  [47] . None 
of these criteria has been validated using population - based studies. Therefore, it could be argued that the diagnostic  ‘ gold standard ’  is a 
fl awed standard.   
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that are associated with elevated numbers of various 
cells. Cytological staining can be helpful in distinguish-
ing CNS diseases when the cell count is increased.  

  Investigation of  i nfectious  CSF  

 There are many small to medium - sized studies investi-
gating the diagnostic sensitivity and specifi city of tests for 
various infectious agents but no controlled study evaluat-

ing a work - up of infectious CSF in general. Therefore, 
there are no valid data on the indication, sensitivity, and 
specifi city of microbiological procedures in general (i.e. 
how to proceed with CSF in obvious CNS infections). 
Existing proposals for the general work - up of infectious 
CSF are based on clinical practice and theoretically plau-
sible procedures  [63 – 65] . 

 There are a great number of methods for antigen or 
specifi c antibody detection and their use depends mainly 
on the type of antigen (table  1.4 ).   

  Table 1.4    List of infectious agents responsible for the vast majority of infectious CNS diseases. 

   Pathogen     Symptoms, Comments     Recommended diagnostic method *   

   Bacteria           

   Should be considered in fi rst line   
   Neisseria meningitides      –     Microscopy, culture  *  *    
   Streptococcus pneumoniae      –     Microscopy, culture  *  *    
   Haemophilus infl uenzae     Rare due to vaccination    Microscopy, culture  *  *    
   Staphylococcus aureus     Neurosurgical intervention, trauma    Microscopy, culture  *  *    
   Escherichia coli     Newborns    Microscopy, culture  *  *    
   Borrelia burgdorferi sensu lato      –     Serology  
   Treponema pallidum     Syphilis in the past    Serology  
   Mycobacterium tuberculosis      –     PCR  a  , culture  *  *  , microscopy, positive 

tuberculin test  
  Mycobacteria other than tuberculosis (MOTT, 

 ‘ atypical Mykobacteria ’ )  
   –     PCR  a  , culture  *  *  , microscopy, positive 

tuberculin test  

   Should be considered especially in immunosuppressed patients   
   Actinobacter species      –     Culture  *  *    
   Bacteroides fragilis      –     Culture  *  *  *    
   Listeria monocytogenes      –     Microscopy, culture  
   Nocardia asteroides      –     Microscopy (modifi ed Ziehl - Neelsen 

stain and culture from brain biopsy)  
   Pasteurella multocida      –     Culture  
   Streptococcus mitis      –     Culture  

   Should be considered in special situations   
   Brucella  spp.    Ingestion of raw milk (products) from cows, 

sheep, or goats  
  Culture  

   Campylobacter fetus         Microscopy, culture  
   Coxiella burnetti  (Q - fever)    Contact with infected parturient animals 

(sheep, goat, cattle) or inhalation of dust 
contaminated by the excrement of 
infected animals or ticks  

  Serology  

   Leptospira interrogans     Exposure to contaminated water or rodent 
urine  

  Culture, serology  

   Mycoplasma pneumoniae     Children and young adults    Serology  
  Rickettsia    Tick exposure, exanthema    Serology  
  Coagulase - negative staphylococci    Patients with ventricular shunts or drainages    Culture  
   Group B streptococci     (preterm) newborns    Microscopy, culture  
   Tropheryma whipplei     (M. Whipple) Patients with gastrointestinal 

symptoms (malabsorption)  
  PCR  
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   Pathogen     Symptoms, Comments     Recommended diagnostic method *   

   Viruses           

   Should be considered in fi rst line   
  Herpes simplex virus (HSV) type 1 and 2     –     PCR, serology  
  Varicella – Zoster virus (VZV)     –     PCR, serology  
  Enteroviruses (Echovirus, Coxsackievirus A, B)    Usually mild symptoms, favourable 

prognosis  
  PCR, serology  

  Human immunodefi ciency virus (HIV) type 1 
and 2  

   –     PCR, serology  

  Tick - borne encephalitis virus (TBE)    In endemic regions only    Serology  
  Cytomegalovirus (CMV)    Very rare in immunocompetent patients    PCR  

   Should be considered in special situations   
  Adenovirus    Children and young adults    PCR, culture, antigen detection  
  Epstein – Barr virus (EBV)    Lymphadenitis, splenomegaly, causes very 

rare CNS - infections  
  PCR  

  Human T - cell leukaemia virus type I (HTLV - I)    Spastic paraparesis    Serology  
  Infl uenza and Parainfl uenza virus     –     Serology  
  JC virus    Progressive multifocal leukoencephalopathy, 

associated with immunosuppression and/
or immunomodulatory therapy (e.g. 
natalizumab, rituximab)  

  PCR, brain biopsy  

  Lymphocytic chorio - meningitis (LCM)     –     Serology  
  Measles virus     –     Serology  
  Mumps virus     –     Serology  
  Poliovirus    Flaccid paresis    PCR  
  Rabies virus    Contact with rabies - infected animals    PCR from CSF, root of hair, cornea  
  Rotavirus    Diarrhoea, febrile convulsions in children    Antigen detection in stool specimens  
  Rubella virus     –     Serology  
  Sandfl y fever    Endemic region: Italy    Serology  

   Fungi           
   Aspergillus fumigatus      –     Where required, culture from brain 

biopsy  
   Cryptococcus neoformans      –     Antigen detection in CSF, india ink 

stain, less sensitive than antigen 
detection, culture  

  Candida spp.     –     Antigen detection  

   Parasites           
   Echinococcus granulosus, Echinococcus 

multilocularis   
   –     Serology  

   Toxoplasma gondii      –     CSF: PCR, serology; brain biopsy: PCR  
   Strongyloides stercoralis      –     Pathogen detection in stool  

   The following pathogens should be considered in acute myelitis [Recommendation Level B]: HSV type 1 and 2 (PCR), VZV (PCR), 
enteroviruses (PCR),  Borrelia burgdorferi sensu latu  (serology, AI), HIV (serology), tick - borne encephalitis virus (only in endemic areas) 
(serology, AI).   
   a Nested PCR technique has been shown to be substantially more sensitive and specifi c than conventional single step PCR techniques 
 [66] .   
   *  * Culture from CSF and blood;   
   *  *  * aerobic and anaerobic culture from abscess aspirate, CSF, and blood.   

Table 1.4 continued
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 Normal CSF protein concentration should be related to the 
patient ’ s age (higher in the neonate period and after age of 60 
years) and the site of LP (Level B). Exact upper normal limits of 
protein concentration differ according to the technique and 
the examining laboratory. 

 The  Q  alb  should be preferred to total protein concentrations, 
partly because reference levels are more clearly defi ned and 
partly because it is not confounded by changes in other CSF 
proteins (Level B). 

 The glucose concentration in CSF should be related to the 
blood concentration. Therefore CSF glucose/serum ratio is 
preferable. Pathological changes in this ratio or in lactate 
concentration are supportive for bacterial or fungal meningitis 
or leptomeningeal metastases (Level B). 

   •      when microscopy, culture or serology is insensitive or 
inappropriate;  
   •      when culture does not yield a result despite clinical 
suspicion of infectious meningitis/meningoencephalitis; 
and  
   •      in immunodefi cient patients.     

  Quality  a ssurance in  CSF   d iagnostics 

 Some CSF quality assurance programmes have been pub-
lished showing that to ensure optimal performance and 
results, standardized protocols should be in place for the 
spinal tap and sample processing  [8]  (Class 1). Further-
more it is important to analyse the CSF in a specialized 
laboratory which is routinely evaluated for its perfor-
mance and uses standardized analytical techniques and 
interpretation of the laboratory fi ndings in the clinical 
context  [8]  (Class 1);  [70]  (Class 4). If proteins are mea-
sured that potentially originate from blood or brain com-
partments, CSF and serum samples should be run in 
parallel in the same assay to minimize variability  [8]  
(Class I, Level A). 

 A cytology training programme resulted in an increase 
of the number of correctly identifi ed CSF cells from as 
low as 11% to 93%  [71] . In a recent study investigating 
inter - laboratory variation of neurofi lament light chain 
detection, it turned out that the lack of preparation of 
accurate and consistent protein standards was the main 
reason for a very poor inter - laboratory accordance  [72]  
(Class I). 

 In neuroinfections specifi c antigen or antibody detec-
tion should be performed depending on the clinical 
presentation and the results of basic CSF analysis. The 
formula for the estimation of the relative intrathecal 
synthesis of specifi c antibodies in the CSF (Antibody 
Index [AI] is as follows: 

  Estimation of intrathecal synthesis of specifi c antibodies in 
the CSF (Antibody Index [AI] )

   

Antibody ratio
Antibody-concentration

Antibody-concentra
CSF

ttion

IgG ratio = 
IgG-concentration

IgG-concentratio

serum

CSF

nn
AI=Antibody ratio IgGratio postive>1, 5

serum

  

 Cerebrospinal fl uid polymerase chain reaction can be 
performed rapidly and inexpensively and has become an 
integral component of diagnostic medical practice. A 
patient with a positive PCR result is 88 times more likely 
to have a defi nite diagnosis of viral infection of the CNS 
as compared to a patient with a negative PCR result. A 
negative PCR result can be used with moderate confi -
dence to rule out a diagnosis of viral infection of the CNS 
(the probability of a defi nite viral CNS infection was 0.1 
in case of a negative PCR result compared to a positive 
PCR result)  [67] . It should be considered that false - 
negative results are most likely if the CSF sample is taken 
within the fi rst 3 days after the illness or 10 days and more 
after the onset of the disease  [68, 69] . 

 In general, PCR is indicated in the following 
situations: 

 Recommendations 
    CSF should be analysed immediately (i.e.   1   h) after collection. 
If storage is required for later investigation this can be done at 
4 – 8 ° C (short term) or at   20 ° C (long term). Only protein 
components and RNA (after appropriate preparation) can be 
analysed from stored CSF (GPP). 

 The Level B recommendation regarding CSF partitioning and 
storage states that 12   ml of CSF should be partitioned into 
three to four sterile tubes. It is important that the CSF is not 
allowed to sediment before partitioning. Store 3 – 4   ml at 4 ° C 
for general investigations, cultivation and microscopic 
investigation of bacteria and fungi, antibody testing, 
polymerase chain reaction (PCR), and antigen detection. 
Larger volumes (10 – 15   ml) are necessary for certain pathogens 
like  Mycobacterium tuberculosis , fungi, or parasites. 
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 Intrathecal IgG synthesis can be measured by various 
quantitative methods, but at least for the diagnosis of MS, the 
detection of oligoclonal bands by appropriate methods is 
superior to any existing formula (Level A). Patients with other 
diseases associated with intrathecal infl ammation, for example 
patients with CNS infections, may also have intrathecal IgA 
and IgM synthesis as assessed by non - linear formulae (Reiber 
hyperbolic formulae or extended indices), which should be 
preferred to the linear IgA and IgM indices (Level B). 

 Cellular morphology (cytological staining) should be 
evaluated whenever pleocytosis is found or leptomeningeal 
metastases or pathological bleeding is suspected (Level B). If 
cytology is inconclusive in case of query CSF bleeding, 
measurement of bilirubin is recommended up to 2 weeks after 
the clinical event. 

 For standard microbiological examination sedimentation at 
3000   g  for 10   min is recommended (Level B). Microscopy 
should be performed using Gram or methylene blue, Auramin 
O or Ziehl - Nielsen ( M. tuberculosis ), or Indian ink stain 
( Cryptococcus ). Depending on the clinical presentation, 
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neuroimaging techniques available for the evaluation 
of stroke patients has increased the complexity of 
decision making for physicians. Neurologists, who have 
been educated to manage acute stroke patients, should 
be trained in the use of neuroimaging, which allows 
for the development of a pathophysiologically oriented 
treatment. 

 Successful care of acute stroke patients requires a rapid 
and accurate diagnosis because the time window for 
treatment is narrow. In the case of intravenous throm-
bolysis for ischaemic stroke, the treatment is safer and 
more effective the earlier it is given  [3] . Current recom-
mendations call for a 4.5 - h time limit for intravenous 
thrombolysis  [4]  that can be extended to 6   h for intra -
 arterial thrombolysis  [5] . Thus, the neuroimaging proto-
col designed to determine the cause of stroke should 
delay treatment as little as possible. Neuroimaging can 
provide information about the presence of ischaemic but 
still viable and thus salvageable tissue (penumbra tissue) 
and vessel occlusion in the hyperacute phase of ischemic 
stroke. This information is critical for an improved selec-
tion of patients who could be treated with intravenous 
thrombolysis up to the 4.5 - h limit and beyond  [5] . Thus, 
neuroimaging criteria have been used for patient selec-
tion and outcome in different trials, using thrombolysis 
beyond 3   h after stroke onset  [6, 7] . Determining stroke 
type using neuroimaging goes well beyond separating 
ischaemic from haemorrhagic stroke. For instance, the 
depiction of multiple cortical infarcts may lead to a fuller 
work - up for cardiogenic emboli  [8, 9] . In arterial dissec-
tion, the characteristic semilunar high - intensity signal in 
the vessel wall on high - resolution T1 - weighted magnetic 
resonance imaging (MRI) alerts to the presence of this 
cause of stroke  [10] .  
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   Objectives 

 The objective of the task force is to actualize the EFNS 
Guideline on the use of neuroimaging for the manage-
ment of acute stroke published in 2006. The Guideline is 
based on published scientifi c evidence as well as the con-
sensus of experts. The resulting report is intended to 
provide updated and evidence - based recommendations 
regarding the use of diagnostic neuroimaging techniques, 
including cerebrovascular ultrasonography (US), in 
patients with stroke and thus guide neurologists, other 
healthcare professionals, and healthcare providers in 
clinical decision making and in the elaboration of clinical 
protocols. It is not intended to have legally binding 
implications in individual situations.  

  Background 

 Stroke is the second most common cause of death world-
wide, and one of the major determining factors of hos-
pital admission and permanent disability in the developed 
countries  [1] . The proportion of the population over the 
age of 65 years is growing and this trend is likely to 
increase stroke incidence in the next decades  [2] . Major 
advances in the understanding of the mechanisms of 
stroke and its management have been made thanks to 
the substantial progress in neuroimaging techniques. 
However, the multiplicity and continuous advances of 
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  Search  s trategy 

 The Cochrane Library was consulted and no studies were 
found regarding the use of neuroimaging techniques in 
stroke. A comprehensive literature review using the 
MEDLINE database has been conducted by searching for 
the period 1965 – 2009. Relevant literature in English, 
including existing guidelines, meta - analyses, systematic 
reviews, randomized controlled trials, and observational 
studies have been critically assessed. Selected articles have 
been rated based on the quality of study design, and clini-
cal practice recommendations have been developed and 
stratifi ed to refl ect the quality and the content of the 
evidence according to EFNS criteria  [11] .  

  Method for  r eaching  c onsensus 

 The author panel critically assessed the topic through 
analysis of the medical literature. A draft guideline with 
specifi c recommendations was circulated to all panel 
members. Each panellist studied and commented in 
writing on this draft, which was revised to progressively 
accommodate the panel consensus. After the approval of 
the panellists, two independent experts gave their opinion 
on the fi nal version.  

  Results 

  Imaging of the  b rain 
 The primary objectives of brain imaging in acute stroke 
are to exclude a non - vascular lesion as the cause of the 
symptoms and to determine whether the stroke is caused 
by an ischaemic infarction or a haemorrhage. It is not 
possible to exclude stroke mimics, such as a neoplasm, 
and distinguish between ischaemic and haemorrhagic 
stroke based exclusively on the history and physical 
examination  [12] . Determining the nature of the lesion 
by brain imaging is necessary before starting any treat-
ment, particularly thrombolysis and antithrombotic 
drugs (Class I, Level A). 

 Secondary objectives of brain imaging are to facilitate 
the identifi cation of stroke mechanisms, to detect sal-
vageable tissue, and to improve the selection of patients 
who could be candidates for reperfusion therapies. 

  Computed  t omography ( CT ) 
 Conventional CT of the head is the examination most 
frequently used for the emergent evaluation of patients 
with acute stroke because of its wide availability and use-
fulness (Class II, Level B). It has been utilized as a screen-
ing tool in most of the major therapeutic trials conducted 
to date  [3] . It is useful to distinguish between ischaemic 
stroke and intracerebral or subarachnoid haemorrhage 
(SAH), and can also rule out other conditions that could 
mimic stroke, such as brain tumours. Signs of early isch-
emia may be identifi ed as early as 2   hrs from stroke onset, 
although they may appear much later  [13] . Early infarct 
signs include the hyperdense middle cerebral artery 
(MCA) sign  [14, 15]  (indicative of a thrombus or embolus 
in the M1 segment of the vessel), the MCA dot sign  [16, 
17]  (indicating thrombosis of M2 or M3 MCA branches), 
the loss of grey - white differentiation in the cortical 
ribbon  [18]  or the lentiform nucleus  [19] , and sulcal 
effacement  [20] . The presence of some of these signs has 
been associated with poor outcome  [20 – 22] . In the Euro-
pean Cooperative Acute Stroke Study (ECASS) I trial 
those patients with signs of early infarction involving 
more than one - third of the territory of the MCA had an 
increased risk of haemorrhagic transformation following 
treatment with thrombolysis  [23] . A secondary analysis 
of other thrombolytic trials with a 6 - h time window 
(ECASS II and Multicentre Acute Stroke Trial  –  Europe 
(MAST - E)) demonstrated that the presence of early CT 
changes was a risk factor for intracerebral haemorrhage 
(ICH)  [24, 25] , and similar results have been observed in 
larger series of patients  [26] . However, in the National 
Institute of Neurological Disease and Stroke (NINDS) 
trial and the Australian Streptokinase Trial there was no 
relation between intracranial haemorrhage and early CT 
changes  [27, 28] , and it has been argued that the poorer 
outcome in patients with CT changes may have more to 
do with delayed treatment than with the changes them-
selves, with additional damage of the potentially salvage-
able tissue in the larger, CT - visible infarcts  [29] . Because 
ischaemic changes are diffi cult to detect for clinicians 
without an adequate training in reading CT  [30, 31] , 
scoring systems have been developed to quantify early CT 
changes, such as the Alberta Stroke Programme Early CT 
Score (ASPECTS). More extensive early changes using 
ASPECTS correlate with high rates of intracranial haem-
orrhage and poor outcome at long term. Therefore, its 
use could improve the identifi cation of ischaemic stroke 
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patients who would particularly benefi t from thromboly-
sis and those at risk of symptomatic haemorrhage  [32, 
33] . However, given the confl icting evidence, the pres-
ence of decreased attenuation on early CT, even affecting 
more than one - third of the MCA territory, cannot be 
construed as an absolute contraindication for the use of 
thrombolytic therapy in the fi rst 3   h after stroke (Class 
IV, Good Clinical Practice Point (GCPP)). 

 Conventional CT contrast enhancement is not indi-
cated for the acute diagnosis of stroke, and seldom may 
be helpful to show the infarcted area in the subacute stage 
(2 – 3 weeks after stroke onset) when there may be obscu-
ration of the infarction by the  ‘ fogging effect ’   [34, 35]  
(Class IV, Level C). 

 Computed tomography shows acute ICHs larger than 
5   mm in diameter as areas of increased attenuation. Not 
depicted by CT are petechial haemorrhages and bleedings 
in patients with very low haemoglobin levels  [36] , 
because the high density of blood on CT is a function of 
haemoglobin concentration. CT demonstrates the size 
and topography of the haemorrhage and gives informa-
tion about the presence of mass effect, hydrocephalus, 
and intraventricular extension of the bleeding. In addi-
tion, it may identify (although not as well as MRI) pos-
sible structural abnormalities (aneurysms, arteriovenous 
malformations, or tumours) that caused the haemor-
rhage. The characteristic hyperdensity of ICH on CT 
disappears with time, becoming hypodense after approx-
imately 8 – 10 days  [37, 38] . For this reason, CT is not a 
useful technique to distinguish between old haemorrhage 
and infarction. With newer CT helical units, SAH can be 
detected in 98 – 100% of patients in the fi rst 12   h from the 
onset of symptoms  [39, 40]  and in 93% of patients 
studied within the fi rst 24   h  [41, 42] . 

 CT is the imaging procedure of choice to diagnose 
SAH (Class I, Level A). Some experts recommend per-
forming the study with thin cuts (3   mm in thickness) 
through the base of the brain, because small collections 
of blood may be missed with thicker cuts  [39, 43]  (Class 
IV, GCPP). CT cannot identify SAH in patients with low 
haemoglobin levels, because blood may appear isodense, 
and in those scanned after 3 weeks of the bleeding, when 
blood has usually been metabolized  [44] . Lumbar punc-
ture with CSF analysis should be performed when CT 
scan is negative or doubtful  [45] . 

 Cerebral venous thrombosis (CVT) is an uncommon 
cause of stroke  [46, 47] . CT can show direct signs of 

venous thrombosis and other indirect non - specifi c signs, 
but in about one - third of cases CT is normal  [48, 49] . 
Direct signs on unenhanced CT are the cord sign, cor-
responding to thrombosed cortical veins, and the dense 
triangle sign, corresponding to a thrombus in the supe-
rior sagittal sinus, and, on enhanced CT of the sagittal 
sinus, the delta sign  [50] . Indirect signs such as local 
hypodensities caused by oedema or infarction, hyperden-
sities secondary to haemorrhagic infarction, or brain 
swelling and small ventricles suggest the diagnosis of 
CVT. CT venography has emerged as a good procedure 
to detect CVT  [51 – 53]  (Class III, Level C). 

 Perfusion - CT (PCT) techniques, despite being less 
sensitive than diffusion - weighted (DWI) MRI can show 
the area of ischaemia  [54, 55] . Also, may it help distin-
guish between reversible (ischaemic penumbra) and irre-
versible (infarction) areas of ischaemia with standardized 
methodology  [56 – 58] . Different preliminary studies 
comparing PCT with MRI have shown comparable 
results to depict penumbra tissue  [59 – 62] . There is only 
one study to date (in which the primary end point was 
negative) demonstrating that perfusion CT may be used 
for the selection of candidates to thrombolytic therapy 
beyond the 3 - h window  [63] . Pregnancy, diabetes, renal 
failure, and allergy to contrast material are relative con-
traindications to performing a perfusion brain CT. Per-
fusion CT may be useful to characterize the presence of 
marginally perfused tissue (Class II, Level B).  

  Magnetic  r esonance  i maging ( MRI ) 
 Magnetic resonance imaging has a higher sensitivity than 
conventional CT and results in lower inter - rater vari-
ability in the diagnosis of ischaemic stroke within the fi rst 
hours of stroke onset  [64 – 69]  (Class I, Level A). MRI is 
particularly useful to show lesions in the brain stem or 
cerebellum, identify lacunar infarcts, and document 
vessel occlusion and brain oedema  [65, 66, 68]  (Class I, 
Level A). 

 In addition, MRI techniques can provide information 
about tissue viability. DWI and perfusion (PI) MRI 
studies may inform about the presence of reversibly 
and irreversibly damaged ischaemic tissues in the hyper-
acute phase of stroke  [70 – 78]  (Class II, Level B). DWI 
may demonstrate deeply ischaemic or infarcted brain 
tissue within minutes of symptom onset  [77] . However, 
areas of abnormal DWI signal are not always infarcted 
and the fi nding may disappear spontaneously or after 
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thrombolysis  [79 – 81] . PI requires the intravenous 
administration of gadolinium and provides information 
about brain tissue perfusion at a given time. Different 
perfusion parameters give different perfusion lesion 
volumes in the same patient  [82, 83] . The absolute 
volume difference or ratio of the PI area and the DWI 
area (diffusion – perfusion mismatch) is a useful method 
to estimate the presence of ischaemic penumbra tissue 
 [84] . Not only the volume of abnormally perfused tissue 
but also the degree of perfusion drop predict the extent 
of ischaemic brain damage  [85] . PI/DWI mismatch has 
been evaluated in several studies as a selection tool for 
thrombolytic therapy beyond 3   h  [86 – 89]  and in a phase 
II trial it was used as a selection tool and surrogate 
parameter for thrombolysis within 3 – 9   h  [63] . A proposal 
for the standardization of perfusion and penumbral 
imaging techniques has been published  [56]  

 Some neuroimaging fi ndings on MRI, such as the 
presence of leukoaraiosis  [90]  and large DWI lesions 
 [91] , are associated with an increased risk for symptom-
atic intracerebral haemorrhage associated with thrombo-
lytic treatment. 

 MRI may be useful to predict which patients will 
develop massive swelling with an MCA infarct. The mea-
surement of infarct volume on DWI allows the predic-
tion of malignant infarction  [92, 93] , and may be helpful 
for early management of these patients  [94, 95] . 

 MRI can help identify occluded intracranial arteries 
by the loss of the normal intravascular fl ow voids  [65] . 
Some sequences, such as T2 *  - weighted MRI or fl uid -
 attenuated inversion recovery (FLAIR; hyperintense 
artery sign), may demonstrate acute MCA thromboem-
bolism with a higher sensitivity than CT, but the type of 
arterial change on MRI does not predict recanalization, 
clinical outcome, or ICH after intravenous thrombolysis 
 [96, 97] . 

 Intracranial haemorrhage is easily detectable on MRI 
using T2 *  - weighted images  [98 – 100] . MRI can identify 
intraparenchymal haemorrhage within the fi rst 6   h after 
symptom onset as accurately as CT  [100, 101]  (Class I, 
Level A). Susceptibility - weighted T2 *  sequences (gradi-
ent echo) can also detect clinically silent parenchymal 
microbleeds, not visible on CT, which may leave enough 
local haemosiderin to remain detectable for months or 
years after the bleeding. Microbleeds are associated with 
a history of ICH and prospectively have been shown to 
pose a 3% risk of ICH  [102] . Although some retrospec-

tive studies reported an increased risk of symptomatic 
haemorrhage after thrombolysis  [103, 104] , this risk was 
not found in more recent studies  [82, 105, 106] . The risk 
of bleeding after thrombolysis in patients with micro-
bleeds is small  [106]  and their presence is not a contra-
indication to the use of thrombolytic therapy in the fi rst 
3   h after stroke (Class III, Level C). 

 MRI is also useful to date the haemorrhagic event 
accurately and to detect lesions (as tumours, vascular 
malformations, or aneurysms) that may underlie the 
ICH  [107] . To detect these lesions, repeated studies may 
be needed after some of the swelling and vasospasm have 
subsided. 

 Subarachnoid haemorrhage (SAH) can be detected 
using T2 *   [108]  and FLAIR  [109, 110]  MR sequences, but 
at present CT remains the imaging method of choice for 
this diagnosis (Class I, Level A). 

 Arterial dissection is a leading cause of stroke in young 
persons  [47] . MRI is the initial procedure of choice  [66, 
68, 111, 112] , replacing conventional angiography as the 
gold standard (Class II, Level B), because MRI can show 
the mural haematoma of the dissected vessel on the axial 
images  [112]  (high signal in the wall). Visualization of 
these changes in the vertebral artery is more diffi cult than 
for the larger carotid artery, making diagnosis of verte-
bral dissection less reliable. The study can be completed 
with magnetic resonance angiography (MRA) to visual-
ize occlusion of the artery, pseudoaneurysms, or a long 
stenotic segment with tapered ends  [113, 114] . Other 
techniques, including US  [115 – 117]  or CT angiography 
 [113, 114, 118, 119] , may be useful for the non - invasive 
diagnosis of arterial dissection. 

 MRI combined with MRA is the method of choice for 
the diagnosis and follow - up of CVT  [49, 120 – 123] . MRI 
is more sensitive than CT to show parechymal abnor-
malities and the presence of thrombosed veins. 

 In summary, MRI is very helpful in the clinical setting 
for the management of acute stroke and to guide deci-
sions regarding thrombolysis (Class I, Level A). It is par-
ticularly helpful for the study of stroke patients for whom 
perfusion CT may be dangerous, such as those with renal 
failure or diabetes. However, MRI in the acute phase of 
stroke is not widely available at European hospitals  [124] . 
Other limitations and contraindications for the use of 
MRI are: claustrophobia, agitation, morbid obesity, the 
presence of intracranial ferromagnetic elements, an 
aneurysm recently clipped or coiled, otic or cochlear 
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implants, some old prosthetic heart valves, pacemakers, 
and some, not all, neurostimulators.  

   SPECT  and  PET  
 Single photon emission computed tomography (SPECT) 
and positron emission tomography (PET) are functional 
neuroimaging techniques based on the principles of 
tracer technology using radiolabelled substances as sys-
temically administered tracers. In the setting of stroke, 
SPECT has been used for the evaluation of cerebral perfu-
sion. Earlier perfusion SPECT studies failed to show any 
advantage of SPECT over the structured clinical evalua-
tion (NIH, Canadian, Scandinavian stroke scales) in the 
prediction of the evolution of acute stroke  [125] . 
However, using ethyl cysteinate dimer (ECD) SPECT in 
the fi rst 6   h after stroke, Barthel et al.  [126]  were able to 
determine which patients would develop massive MCA -
 territory necrosis, with hemispheric herniation. These 
patients have a high risk of haemorrhage following 
thrombolysis and could potentially be helped by early 
decompressive hemicraniectomy  [127] . Complete MCA 
infarctions were predicted with signifi cantly higher accu-
racy with early SPECT compared with early CT and clini-
cal parameters. The predictive value increased when the 
fi ndings on CT, clinical examination, and SPECT were 
considered  [126] . Other studies have found SPECT to 
add predictive value to the clinical score on admission 
 [128 – 130] . Those studies suggest that a patient with a 
normal SPECT study performed within 3   h of stroke 
onset will most likely recover spontaneously and there-
fore may not benefi t from thrombolysis. A patient with 
a dense defi cit in the entire MCA distribution has a high 
risk of haemorrhage with thrombolysis, and, depending 
on age and other factors, should be considered for 
decompressive hemicraniectomy. The patients most 
likely to benefi t from thrombolysis are the ones with less 
massive lesions  [126, 128] . Thus, SPECT is helpful in the 
evaluation of acute stroke (Class III, Level C). Unfortu-
nately, the need to perform either CT or MRI in acute 
stroke renders the performance of SPECT diffi cult within 
the time frame allotted for the evaluation of these patients. 
SPECT is also helpful in the evaluation of cerebral perfu-
sion in non - acute cerebrovascular disease, for instance in 
the days after a SAH  [131]  (Class III, Level C). 

 PET can be used to evaluate a large variety of physio-
logical variables including cerebral blood fl ow, cerebral 
blood volume, and cerebral glucose metabolism, as well 

as the density of neurotransmitters and neuroreceptors, 
such as benzodiazepine receptors with fl umazenil, an 
accurate marker of neuronal loss  [132] . As PET has been 
considered the gold standard for these kinds of measure-
ments in humans, it is also extremely well suited to help 
identify the degree of ischaemic damage in the brain. 
Heiss  et al.  compared  15 O - water PET and MRI in patients 
with acute ischaemic stroke. They observed that DW/
PW – MRI mismatch overestimates the penumbra defi ned 
by PET  [133] . Although PET is the reference method for 
quantitative perfusion imaging, it does not allow for the 
reliable identifi cation of lesions in the vessels or non -
 vascular lesions giving rise to the stroke syndrome. This, 
coupled with the cost and current lack of availability of 
this technique, renders it less useful than MRI and CT for 
most practising neurologists.   

  Imaging of the  e xtracranial  v essels 
 Imaging of the extracranial and intracranial vessels will 
help identify the underlying mechanism of the stroke 
(atherothrombotic, embolic, dissection, or other). Non -
 invasive imaging methods are increasingly accepted as 
replacements of digital substraction angiography (DSA) 
in the evaluation of carotid stenosis prior to endarterec-
tomy  [134]  (Class IV, GCPP). US, comprising Doppler 
sonography and colour - coded duplex sonography, is 
probably the most common non - invasive imaging 
examination performed to aid in the diagnosis of carotid 
disease. The peak systolic velocity and the presence of 
plaque on greyscale and/or colour Doppler/Duplex US 
images are the main parameters that should be used 
when diagnosing and grading internal carotid artery 
(ICA) stenosis  [135] . The examination may be limited 
by the presence of extensive plaque calcifi cations, vessel 
tortuosity and in patients with tandem lesions. In addi-
tion, Doppler US is both technician -  and equipment -
 dependent and all sonographers should be able to 
demonstrate that they have validated their testing 
procedures. Meta - analyses of published criteria for 
US have demonstrated sensitivities of 98% and specifi ci-
ties of 88% for detecting        50% ICA stenosis; and 
94% and 90% respectively for detecting        70% ICA 
stenosis  [136] . 

 Magnetic resonance angiography using time - of - 
fl ight angiography (TOF) and contrast - enhanced MRA 
(CEMRA) are powerful means to assess vascular pathol-
ogy. Either technique provides specifi c information: 
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while TOF visualizes changes of fl ow in the arteries or 
veins depending on imaging parameters, CEMRA visual-
izes the vascular lumen. MRA and US have yielded com-
parable fi ndings. Two meta - analyses  [137, 138]  and 
several reviews  [139, 140]  have compared the diagnostic 
value of Doppler US, MRA, and conventional DSA for 
the diagnosis of carotid artery stenosis. The meta - analysis 
published by Blakeley et al.  [137]  in 1995 concluded 
that Doppler US and MRA had similar diagnostic per-
formance in predicting carotid artery occlusion and 
  70% stenosis. In the systematic review performed by 
Nederkoorn et al.  [139]  for the diagnosis of 70 – 99% 
stenosis, MRA had a pooled sensitivity of 95% and a 
pooled specifi city of 90%, and US 86% and 87% respec-
tively. For recognising occlusion, MRA had a sensitivity 
of 98% and a specifi city of 100%, and DUS had a sensitiv-
ity of 96% and a specifi city of 100%. A meta - analysis 
comparing the accuracy of TOF or CEMRA for the detec-
tion of ICA disease against intra - arterial angiography 
showed that CEMRA is slightly more precise than TOF 
for the detection of ICA high - grade (  70 to 99%) stenosis 
and occlusion, and appears to achieve a higher sensitivity 
for the detection of moderate (50 – 69%) stenosis  [141] . 
Computed tomography angiography, a contrast - depen-
dent technique, has been compared with DSA for the 
detection and quantifi cation of carotid stenosis and 
occlusions  [142 – 147] . A systematic review concludes that 
this technique has demonstrated a good sensitivity and 
specifi city for occlusion (97%), but the pooled sensitivity 
and specifi city for detection of a 70 – 99% stenosis by CTA 
were 85% and 93% respectively  [146]  (Class II, Level B). 
In a systematic review, CEMRA is more accurate than 
CTA to adequately evaluate 70 – 99% carotid stenosis 
 [148] , especially when there is an excess of calcium in the 
plaque  [149] . The difference among these modalities is 
small, and other factors, such as availability and quality 
of US performance, may render one procedure more 
useful than the other (Class II, Level B). 

 Similarly to carotid stenosis, CEMRA and CTA may be 
more sensitive in diagnosing vertebral artery stenosis 
than DUS  [150] . 

 Digital substraction angiography is the reference 
method to determine the degree of carotid and vertebral 
artery stenosis. Endarterectomy trials for symptomatic 
 [151 – 153]  and asymptomatic  [154]  patients were per-
formed using this method. However, angiography carries 
the risk of stroke and death  [134, 155] , and many centres 

are not using DSA prior to carotid endarterectomy 
 [135, 156 – 159] , particularly when non - invasive methods 
are concordant (Class IV, GCPP). When non - invasive 
methods are inconclusive or there is a discrepancy 
between them, DSA is necessary.  

  Imaging of the  i ntracranial  v essels 
 Transcranial Doppler (TCD) and transcranial colour -
 coded duplex (TCCD) are non - invasive ultrasonographic 
procedures that measure local blood fl ow velocity and 
direction but also permit visualization of blood vessels 
(TCCD) in the proximal portions of large intracranial 
arteries  [160, 161] . These methods are useful for the 
screening of intracranial stenosis  [162 – 164]  and occlu-
sion  [165, 166]  in patients with cerebrovascular disease 
(Class II, Level B). In children with sickle cell disease, 
detection of asymptomatic intracerebral stenoses using 
TCD allows selection of a group at high risk of future 
stroke, who benefi t from exchange transfusion  [167]  
(Class II, Level B). It is also useful for the detection and 
monitoring of intracranial artery vasospasm after SAH, 
particularly in the MCA  [168]  (Class I, Level A). TCD 
can be used to monitor recanalization during thromboly-
sis in acute MCA occlusions  [169]  (Class II, Level B). 
There is increasing interest in its therapeutic use. In vitro 
studies demonstrate it has an additive effect on clot lysis 
when used with recombinant tissue plasminogen activa-
tor (rtPA), and clinical studies have suggested that con-
tinuous TCD monitoring in patients with acute MCA 
occlusion treated with intravenous thrombolysis may 
improve both early recanalization and clinical outcome 
 [170] . TCD allows for the documentation of a right - to -
 left shunt in patients with ischaemic stroke (Class II, 
Level A). TCD discloses a shower of air bubbles in the 
MCA after the intravenous injection of saline mixed with 
air bubbles  [171 – 173] . 

 TCD is the only imaging technique that allows detec-
tion of circulating emboli, even in asymptomatic patients 
(Class II, Level A). Emboli cause short - duration, high -
 intensity signals, because they refl ect and backscatter 
more ultrasound than the surrounding red blood cells. 
Studies have shown that asymptomatic embolization is 
common in acute stroke, particularly in patients with 
carotid artery disease  [174, 175] . In this group the pres-
ence of embolic signals has been shown to predict the risk 
of stroke and transient ischaemic attack (TIA)  [176 – 178]  
(Class II, Level A). Embolic signals have also been used 
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as surrogate markers to evaluate antiplatelet agents in 
both single - centre studies  [179]  and in the multicentre 
international Clopidogrel and Aspirin for Reduction of 
Emboli in Symptomatic Carotid Stenosis trial  [180] . 
Embolic signal monitoring is used to monitor emboliza-
tion following carotid endarterectomy; the presence of 
frequent embolic signals in this setting predicts early 
postoperative stroke  [181]  and can be reduced by more 
aggressive antiplatelet treatment, including dextran  [182]  
and clopidogrel  [183] . TCD can also be used to evaluate 
cerebrovascular reserve by determining the extent to 
which MCA fl ow velocity can increase in response to 
the vasodilator carbon dioxide or acetazolamide. Reserve 
is reduced in a proportion of patients with carotid 
occlusion and tight stenosis, and impaired reserve 
predicts recurrent TIA and stroke risk, particularly in 
the group with carotid occlusion  [184, 185]  (Class III, 
Level B). 

 Transcranial Doppler examination cannot be per-
formed in about 10 – 15% of patients, particularly older 
women, because they lack a transtemporal window 
due to the thickness of the skull  [186] . The use of intra-
venous echo contrast agents may improve detection of 
fl ow velocities in patients with limited transtemporal 
window  [187] . TCD velocities may be altered in patients 
with cardiac pump failure (low velocities) or anaemia 
(increased velocities). 

 Magnetic resonance angiography (MRA) can identify 
intracranial steno - occlusive lesions mainly in the proxi-
mal segments. Both TCD ultrasound and MRA non -
 invasively identify 50 – 99% of intracranial large vessel 
stenoses with substantial negative predictive value (86% 
and 91% respectively)  [188] . Compared with DSA, MRA 
has a higher sensitivity and specifi city (superior to 80%) 

for the identifi cation of proximal intracranial arterial ste-
nosis  [189, 190]  (Class II, Level B). 

 CT angiography is another useful technique with high 
sensitivity and specifi city (superior to 90%) for the diag-
nosis of occlusion and intracranial stenosis  [191, 192] , 
with the exception of stenosis in the cavernous portion 
of the internal carotid or in arteries with circumferential 
wall calcifi cation  [189, 193]  (Class II, Level B). 

 Magnetic resonance and CT angiography can be used to 
show large aneurysms (Class II, Level B), but these tech-
niques fail to identify aneurysm of less than 5   mm in diam-
eter, those located in the intracranial carotid artery, and 
cannot clearly establish the critical relationship of the neck 
of the aneurysm(s) with arterial branches  [194 – 197] . 
Therefore non – invasive techniques have not replaced 
DSA for aneurysm identifi cation and localization. The 
sensitivity of 3 - dimensional time - of - fl ight MRA for cere-
bral aneurysms   5   mm after SAH is between 85% and 
100%  [198 – 200] , with lower percentages for aneurysms 
  5   mm  [45, 198, 200] . CT angiography has a sensitivity 
for aneurysms   5   mm between 95% and 100% and a 
specifi city between 79% and 100%  [45, 201 – 203] . Some 
authors suggest that CT angiography can be used as a reli-
able alternative to DSA after SAH, particularly in cases in 
which the risk of delaying surgery does not justify the per-
formance of a catheter study  [45, 204]  (Class II, Level B). 

 MR and CT angiography have been used for screening 
individuals with a history of intracranial aneurysm or 
SAH in fi rst - degree relatives  [205, 206]  (Class II, Level 
B). Overall reported sensitivity for both techniques was 
76 – 98% and specifi city was 85 – 100%  [207] . 

 DSA is needed to demonstrate small aneurysms and 
before surgery or endovascular treatment (Class I, 
Level A).    

 Recommendations 

     Imaging of the  b rain 
     •      Either non - contrast computed tomography (CT) or magnetic 

resonance imaging (MRI) should be used for the defi nition 
of stroke type and treatment of stroke (Class I, Level A).  

   •      The presence of early CT infarct signs cannot be construed 
as an absolute contraindication to thrombolysis in the fi rst 
3   h after stroke (Class IV, GCPP).  

   •      MRI has a higher sensitivity than conventional CT for the 
documentation of infarction within the fi rst hours of stroke 
onset, lesions in the posterior fossa, identifi cation of small 

lesions, and documentation of vessel occlusion and brain 
oedema (Class I, Level A).  

   •      In conjunction with MRI and magnetic resonance 
angiography (MRA), perfusion and diffusion MR are very 
helpful for the evaluation of patients with acute ischaemic 
stroke (Class I, Level A).  

   •      Single photon emission computed tomography (SPECT) is 
helpful to predict the malignant course of brain swelling 
with large hemispheric infarctions (Class III, Level C). SPECT 
is also helpful in the evaluation of cerebral perfusion in 
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non - acute cerebrovascular disease, for instance in the days 
after a subarachnoid haemorrhage (SAH) (Class III, Level C).     

  Detection of  h aemorrhagic  s troke 
     •      MRI can detect acute and chronic intracerebral haemorrhage 

(Class I, Level A).  

   •      Although the detection of SAH is possible with MRI, 
currently CT scan is the diagnostic procedure of choice 
(Class I, Level A). In case of doubt or negative CT scan, 
lumbar puncture and cerebrospinal fl uid (CSF) analysis is 
recommended (Class I, Level B)     

  Imaging of  e xtracranial  v essels 
     •      Although MRA has slightly higher sensitivity and specifi city 

than ultrasonography (US) to determine carotid stenosis and 
occlusion, the usefulness of either procedure may be 
determined by other factors, such as availability (Class II, 
Level B).  

   •      Computed tomography angiography (CTA) has a sensitivity 
and specifi city similar to MR for carotid occlusion and similar 
to US for the detection of severe stenosis (Class II, Level B).  

   •      Digital substraction angiography (DSA) is generally 
recommended for grading carotid stenosis prior to 
endarterectomy (Class I, Level A), but when there is 
concordance of non - invasive methods cerebral arteriography 
may not be necessary (Class IV, GCPP).     

  Imaging of  i ntracraneal  v essels 
     •      Transcranial Doppler (TCD) is very useful for assessing 

stroke risk of children aged 2 – 16 years with sickle cell 

disease (Class II, Level B), detection and monitoring of 
vasospasm after SAH (Class I, Level A), diagnosis of 
intracranial steno - occlusive disease (Class II, Level B), 
diagnosis of right - to - left shunts (Class II, Level A), and 
for monitoring arterial recanalization after thrombolysis of 
acute middle cerebral artery (MCA) occlusions (Class II, 
Level B).  

   •      TCD can detect cerebral emboli and impaired cerebral 
haemodynamics. The presence of embolic signals with 
carotid stenosis predicts early recurrent stroke risk (Class II, 
Level A). The detection of impaired cerebral haemodynamics 
in carotid occlusion may identify a group at high risk of 
recurrent stroke (Class III, Level B).  

   •      MRA and CTA are very useful for the diagnosis of 
intracranial stenosis and cerebral aneurysms   5   mm (Class II, 
Level B). MRA and CTA are the recommended techniques 
for screening cerebral aneurysms in individuals with a history 
of aneurysms or SAH in a fi rst - degree relative (Class II, Level 
B).  

   •      DSA is the recommended technique for the diagnosis of 
cerebral aneurysm as the cause of SAH (Class I, Level A). 
CTA can be used as a reliable alternative to DSA in 
patients with SAH, particularly in cases in which the risk of 
delaying surgery for a catheter study is not justifi ed (Class II, 
Level B).  

   •      MRI with MRA is recommended for the diagnosis and 
follow - up of cerebral venous thrombosis (Class II, Level B). 
Alternatively, CT venography is accurate and can be used 
for the same purpose (Class III, Level C).      
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prompted the development and application of quantita-
tive MR  ‘ non - conventional ’  techniques (MR spectros-
copy [ 1 H - MRS], magnetization transfer [MT] MRI, 
diffusion weighted [DW] MRI and functional MRI 
[fMRI]) to the study of MS. Although these techniques 
have provided important insight into the pathobiology 
of MS, their practical value in the assessment of MS 
patients in clinical practice has yet to be realized.  

  Aim of the European Federation 
of Neurological Society ( EFNS ) 
 t ask  f orce 

 The aim of the  ‘ EFNS Expert Panel of Neuroimaging 
of MS ’  is to defi ne guidelines for the application of 
conventional and non - conventional MR techniques for 
the diagnosis and monitoring of patients with MS in 
clinical practice. In addition, they review the current 
status and clinical role of non - conventional MR tech-
niques. The present guidelines are an update and a 
revision of the previous ones, which were published in 
2006  [4] . 

 Search strategy: data for this review were identifi ed by 
searches of MEDLINE and references from relevant arti-
cles from 1965 to August 2009. The search terms  ‘ mul-
tiple sclerosis ’ ,  ‘ magnetic resonance imaging ’ ,  ‘ diagnosis ’ , 
 ‘ prognosis ’ ,  ‘ atrophy ’ ,  ‘ magnetization transfer MRI ’ ,  ‘ dif-
fusion weighted MRI ’ ,  ‘ diffusion tensor MRI ’ ,  ‘ proton 
magnetic resonance spectroscopy ’ ,  ‘ disability ’  and  ‘ treat-
ment ’  were used. Only papers published in English were 
reviewed.  
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   Introduction 

 Conventional magnetic resonance imaging (cMRI) has 
proven to be sensitive for detecting multiple sclerosis 
(MS) lesions and their changes over time  [1] . This exqui-
site sensitivity has made cMRI the most important 
paraclinical tool in supporting a diagnosis of MS and 
establishing a prognosis at the clinical onset of the 
disease. These are the main reasons why cMRI fi ndings 
have a major role in the International Panel (IP) diag-
nostic criteria for MS proposed during the past few years 
 [2, 3] . Many research groups have subsequently taken 
steps to validate and refi ne these recommendations. 
However, for clinicians, it still remains unclear how and 
when cMRI should be used, not only at the onset of the 
disease, but also during the subsequent disease phases. In 
addition, despite the sensitivity of cMRI for detecting MS 
lesions, the correlation between cMRI metrics (i.e. hyper-
intense lesions on T2 -  and post - contrast T1 - weighted 
images, hypointense lesions on T1 - weighted images and 
atrophy measurements) and clinical fi ndings of MS is still 
limited  [1] . Among the likely reasons for this clinical/
MRI discrepancy, a major one is the low pathological 
specifi city of the abnormalities seen on cMRI scans and 
the inability of cMRI metrics to detect and quantify the 
extent of damage in normal - appearing brain tissues 
(NABT). These inherent limitations of cMRI have 
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on criteria useful to identify T2 - hyperintense  [17]  and 
T1 - enhancing lesions  [18] . Considering the frequent 
involvement of the spinal cord by MS, MRI features of 
MS cord lesions have also been identifi ed  [19] . Cord MS 
lesions are more frequently observed within the cervical 
than in other regions, are usually peripheral, limited to 
two vertebral segments in length or less, occupy less than 
half the cross - sectional area of the cord, and are not seen 
as T1 - hypointensities. Acute plaques can produce swell-
ing of the cord and enhancement after gadolinium (Gd) 
administration. 

 Recently, the application of a double - inversion recov-
ery (DIR) sequence  [20]  has contributed to imaging 
lesions of the grey matter (GM). These lesions have been 
detected in the major disease clinical phenotypes, includ-
ing those with CIS  [21] . The sensitivity and utility of GM 
lesions detection in the context of MS diagnosis requires 
further investigation. 

 The optic nerve is also frequently involved in the course 
of MS. When an attack of optic neuritis (ON) is suspected 
to be the onset manifestation of MS, the principal role of 
MRI is to assess the brain for asymptomatic lesions  [22 –
 24] , whereas optic nerve MRI can be useful in ruling out 
alternative diagnoses. The sensitivity of MRI for detecting 
optic nerve lesions in patients with ON is high: a seminal 
study using a short - tau inversion recovery (STIR) 
sequence showed lesions in 84% of symptomatic nerves 
and 20% of asymptomatic nerves  [25] . The use of fat -
 saturated fast spin echo  [26]  and selective partial inversion 
recovery pre pulse (SPIR) - FLAIR  [27]  sequences has led 
to increases in sensitivity for detecting lesions in patients 
with an ON. In MS patients, increased T2 signal can be 
seen for a long time after an episode of ON, despite 
improvements in vision and visual EP, and even in the 
absence of acute attacks of ON  [28] . T1 - hypointense 
lesions are not usually seen in the optic nerve, whereas 
Gd enhancement is a consistent feature of acute ON  [29] . 

 A number of MRI criteria have been proposed  [7, 30, 
31]  to increase the confi dence in rendering a diagnosis 
of MS: 
   •      Criteria of Paty  et al.   [31] : presence of at least four T2 -
 hyperintense lesions, or three T2 lesions, of which one is 
periventricular. These criteria are characterized by high 
sensitivity but relatively low specifi city  [32]  (Class I 
evidence).  
   •      Criteria of Fazekas  et al.   [30] : presence of at least 
three T2 - hyperintense lesions with two of the following 

   MRI   a ssessment of  p atients at 
 p resentation with  c linically  i solated 
 s yndromes  s uggestive of  MS  

 In about 85% of patients with MS, the clinical onset of 
the disease is a clinically isolated syndrome (CIS) involv-
ing the optic nerve, brainstem, or spinal cord  [5] . 
Approximately 50 – 80% of these patients already have 
lesions on cMRI, consistent with prior disease activity 
 [6 – 8] . As several randomised controlled trials  [9 – 12]  
have shown a treatment effect in patients with a CIS and 
MRI abnormalities suggestive of MS, it has become criti-
cal to expedite the identifi cation of those patients with a 
high risk for developing a multiphasic infl ammatory 
demyelinating disorder consistent with MS. Equally 
compelling has been the desire to characterize those 
factors that have the ability to prospectively predict 
which patients will be at highest risk for rapid and sub-
stantial disability accrual. 

  Conventional  MRI  

  Diagnosis 
 All of the diagnostic criteria proposed for MS  [2, 3, 13, 
14]  require the demonstration of disease dissemination 
in space (DIS) and time (DIT). The central principle 
advanced in each of these diagnostic schemes requires the 
confi rmation of two or more clinical attacks, separated 
in time, which involve at least two distinct areas of the 
central nervous system (CNS). Another key requirement 
in each of the diagnostic criteria is the exclusion of alter-
native diagnostic considerations that can mimic MS by 
appropriate tests  [15] . The Poser criteria, published in 
1983, were the fi rst set of criteria that integrated fi ndings 
from paraclinical and laboratory tests (including cere-
brospinal fl uid [CSF] analysis, evoked potentials [EP] 
and MRI) to demonstrate spatial dissemination of the 
disease and to increase diagnostic confi dence. 

 A critical feature in the diagnostic evaluation of 
patients suspected of having MS is the characterization 
of lesions profi les that are suggestive of the disease. Brain 
MS lesions are frequently located in the periventricular 
and juxtacortical white matter (WM) regions, the corpus 
callosum, and infratentorial areas (with the pons and 
cerebellum more frequently affected than the medulla 
and midbrain), and are sometimes characterized by oval 
or elliptical shapes  [16] . Consensus has also been reached 
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in patients presenting with ON  [39]  (Class III evidence). 
When a new T2 - lesion was allowed as evidence for DIT, 
one study showed that 82% of CIS patients who fulfi lled 
the IP MRI criteria for MS after 3 months had developed 
CDMS within 3 years  [39]  (Class III evidence), and 
another found that 80% of those CIS who fulfi lled the 
same criteria after 1 year developed CDMS within 3 years 
 [36]  (Class III evidence). 

 The IP criteria have been challenged by a consensus 
report of the Therapeutics and Technology Assessment 
Subcommittee of the AAN  [40]  that performed a system-
atic analysis of studies on the use of MRI in the diagnosis 
of MS and concluded that the presence of three WM 
lesions in CIS patients represents a more sensitive predic-
tor of the subsequent development of CDMS than the IP 
criteria. The specifi city of the IP criteria and of that pro-
posed by the Subcommittee of the AAN  [40]  have been 
assessed in patients suspected of having MS, but who 
ultimately had another diagnosis  [41] . Whereas the IP 
criteria for DIS had a good specifi city (89%), those 
proposed by the Subcommittee of the AAN had a much 
lower specifi city (29%), indicating an increased risk of a 
false - positive diagnosis (Class III evidence). 

 To simplify and make an even earlier diagnosis, while 
maintaining adequate sensitivity and specifi city, the IP 
criteria have been revised recently  [3]  (table  3.1 ). The 
main changes derived from this revision pertain to: (a) 
the demonstration of DIT, which can be obtained by the 
detection of a new T2 lesion, if it appears at any time 
compared with a reference scan done at least 30 days after 
the onset of the fi rst clinical event; (b) the use of spinal 
cord MRI to demonstrate DIS. In this context, a cord 
lesion can be considered equivalent to a brain infratento-
rial lesion, an enhancing cord lesion is equivalent to an 
enhancing brain lesion, and individual cord lesions can 
contribute together with individual brain lesions to reach 
the required number of T2 lesions; (c) the diagnosis of 
primary progressive (PP) MS, which can be made in the 
presence of typical clinical evolution when accompanied 
by suggestive MRI changes in both brain and spinal cord, 
even in the absence of positive CSF fi ndings.   

 Meanwhile several proposals have been made to sim-
plify the revised McDonald criteria. According to the 
Swanton criteria  [42] , at least one subclinical T2 lesion 
in at least two of four locations defi ned as characteristic 
for MS in the McDonald criteria (i.e. juxtacortical, peri-
ventricular, infratentorial, and spinal - cord) is required 

characteristics: an infratentorial lesion, a periventricular 
lesion, and a lesion larger than 6   mm. These criteria 
showed both high sensitivity and high specifi city when 
evaluated retrospectively in defi nite MS  [33] , but have 
limited predictive value when applied prospectively in 
patients with CIS  [34]  (Class II evidence).  
   •      Criteria of Barkhof  et al.   [7] : presence of at least three 
of the four following features: at least one Gd enhancing 
lesion, at least one juxtacortical lesion, at least one 
infratentorial lesion, and three or more periventricular 
lesions (Class I evidence). In 2000, Tintor è   et al.   [35]  
slightly modifi ed these criteria by allowing for nine T2 
lesions to be an alternative for the presence of an enhanc-
ing lesion and reported a high specifi city of these criteria 
to predict conversion from CIS to clinically defi nite (CD) 
MS (class I evidence).    

 In 2001, an IP of MS specialists  [2]  proposed the use 
of MRI to generate objective evidence of lesion DIS and 
DIT. For the demonstration of DIS, the IP decided to 
apply the modifi ed Barkhof - Tintor é  criteria  [7, 35] . 
When these imaging criteria were not fulfi lled, the IP 
considered the presence of at least two T2 lesions plus the 
presence of oligoclonal bands in the CSF as equivalent. 
However, this alternative combination of criteria may 
result in a decreased diagnostic accuracy  [36]  (Class III 
evidence). 

 In the 2001 IP criteria  [2] , DIT can be demonstrated 
either by the presence of at least one enhancing lesion on 
an MRI scan performed 3 months or more after the onset 
of the clinical event or by the presence of one new T2 
lesion which develops with reference to a prior scan 
obtained at least 3 months after the onset of the clinical 
event. The major advantage of the McDonald criteria is 
that they facilitate the early diagnosis of MS in patients 
with a clinically isolated attack before a second clinical 
relapse has occurred. Several studies have evaluated the 
ability of the IP criteria to predict conversion to CDMS 
and found a sensitivity ranging from 74 to 83% and a 
specifi city of 83 to 85%  [36, 37]  (Class III evidence). 
Several studies have also assessed whether accurate pieces 
of information on DIS and DIT could be obtained with 
spinal cord MRI and serial T2 - weighted images alone, 
respectively. The presence of asymptomatic cord lesions 
was found to contribute to the demonstration of DIS in 
recently diagnosed MS patients  [38]  (Class IV evidence), 
but the substitution of a brain lesion with a cord lesion 
did not impact signifi cantly on the subsequent diagnosis 
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the rate of clinical conversions of 70 RIS patients who 
had DIS on MRI was 33%  [46]  (Class II evidence). Exam-
ination of pejorative markers for clinical conversion 
showed that sex, number of T2 lesions, presence of oli-
goclonal bands, and IgG index were not statistically dif-
ferent in patients with MS determined by MRI compared 
with CDMS  [46] . Visual evoked potential abnormalities, 
young age, and Gd enhancement on follow - up MRI 
scans more frequent in CDMS than in MS determined 
by MRI  [46] .  

  Prognosis 
 Several authors have investigated the prognostic role 
of MR - derived metrics in patients presenting with CIS. 
The MRI fi ndings that showed the strongest predictive 
value for the subsequent development of CDMS on 
short -  to medium - term follow - up were the number and 
extent of T2 - visible brain lesions at disease onset  [6, 8, 
22, 47]  (Class II evidence), the presence of infratentorial 
lesions  [47]  (Class III evidence) and the presence of Gd -
 enhancing lesions  [7]  (Class I evidence), [9]  (Class IV 
evidence)]. For patients with CIS and brain MRI lesions, 
the chance of developing CDMS was        80% over the next 
14 – 20 years, in the longest follow - up study to date  [8, 
22] . Several studies also showed the baseline MRI pattern 
is a strong predictor of disability accumulation over time 
in these patients  [8, 48]  (Class IV evidence). 

for DIS, while DIT requires a new T2 lesion on a follow -
 up scan irrespective of the timing of a baseline scan. Such 
interpretation can be done on T2 - weighted images alone 
and does not require Gd enhancement. These criteria 
have been found to be slightly more sensitive (72%) than 
the original and revised McDonald criteria, while main-
taining high specifi city (87%)  [42, 43]  (Class II evidence). 
These criteria may lose differential diagnostic informa-
tion, due to the absence of Gd administration. Recently, 
Rovira  et al.   [44]  suggested that a single brain MRI study 
performed early (i.e.   3 months) after the onset of CIS 
is highly specifi c for predicting the development of 
CDMS in the presence of both Gd - enhancing and non -
 enhancing lesions, which, when present, suggest DIT 
(Class II evidence). 

 Individuals without overt clinical symptoms but with 
MRI features highly suggestive of MS (i.e. subclinical 
demyelinating lesions) have been recently defi ned  ‘ radio-
logically isolated syndromes ’  (RIS). Although routinely 
encountered in clinical practice, only limited data exist 
on the natural history or evolution of such individuals. 
Okuda  et al.  acquired MRI data from 41 RIS subjects 
 [45] . While radiologic progression was identifi ed in 59% 
of the cases, only 10 patients converted to either CIS or 
CDMS  [45] . The presence of Gd - enhancing lesions on 
the initial MRI was predictive of DIT on repeat imaging 
of the brain  [45] . During a mean follow - up of 5.2 years, 

  Table 3.1    Diagnostic criteria for multiple sclerosis: 2005 revisions to the  ‘ McDonald Criteria ’    [3]  . 

  Dissemination in space    Three of the following: 
   •      at least 1 Gd - enhancing lesion or 9 T2 lesions  
   •      at least 3 periventricular lesions  
   •      at least 1 juxtacortical lesion  
   •      at least 1 infratentorial lesion     
  A spinal cord lesion equivalent to a brain infratentorial lesion; can contribute along with 

individual brain lesions to reach required lesion number  

  Dissemination in time       (a)     Detection of Gd enhancement at least 3 months after onset of initial clinical event (if not at 
site of event)  

  (b)     Detection of a new T2 lesion if it appears at any time compared to a reference scan done at 
least 30 days after onset of initial clinical event     

  Diagnosis of MS in disease 
with progression from onset  

     (a)     One year of disease progression (retrospectively or prospectively determined).  
  (b)      Plus  two of the following  

   •      Positive brain MRI (nine T2 lesions or four or more T2 lesions with positive VEP)  
   •      Positive spinal cord MRI (two focal T2 lesions)  
   •      Positive CSF (isoelectric focusing evidence of oligoclonal IgG bands or increased IgG index, 

or both)       

   Gd        gadolinium, MS        multiple sclerosis, MRI        magnetic resonance imaging, VEP        visual evoked potentials, CSF        cerebrospinal fl uid.   
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While a seminal study suggested that the extent of these 
abnormalities might be an independent predictor of sub-
sequent disease evolution  [56] , subsequent studies did 
not confi rm this observation  [44, 55] . No MT MRI 
abnormalities have been detected in the cervical cord of 
CIS patients  [57] .  
  (2)     DT MRI. DT MRI has disclosed subtle abnormalities 
in the NAWM of CIS patients  [58] , which were not pre-
dictive of DIT (as defi ned by McDonald criteria) at 3 and 
12 months  [58] . Recently, a signifi cant increase of GM 
diffusivity has been described in these patients, which 
was unrelated to clinical activity  [59] .  
  (3)      1 H - MRS. Metabolic abnormalities, consisting of a 
reduction of the concentration of N - acetylasparate 
(NAA) of the whole brain  [60]  and in an increase of 
myo - inositol (mI) and creatine (Cr) in NAWM  [61]  have 
been shown in CIS patients, suggesting that widespread 
axonal pathology, glial injury, and an increase in cell 
turnover or metabolism are rather early phenomena in 
the course of the disease. Metabolic abnormalities in CIS 
patients have been found to be more pronounced in 
those patients with evolution to CDMS over a relatively 
short period of time  [62] .  
  (4)     Functional MRI. Using fMRI, an abnormal pattern 
of movement - associated cortical activation has also been 
described in CIS patients within 3 months of disease 
onset  [63, 64] . In a 1 - year follow - up study of CIS patients 
 [65] , those who developed CDMS had a different motor 
fMRI response at fi rst presentation when compared with 
those who did not, suggesting that, in CIS patients, the 
extent of early cortical reorganization following tissue 
injury might be a factor associated to a different disease 
evolution.      

 During the past decades, several quantitative MR tech-
niques have been developed for the assessment of brain 
damage in patients with MS. Even if the application of 
these techniques in everyday clinical practice is, at the 
moment, still premature, as these techniques often 
require dedicated personnel and specifi c software for the 
analysis, it is likely that with augmented availability their 
use in clinical practice will increase. 

 The progressive development of brain and spinal cord 
atrophy is a well - known neuroimaging feature of MS 
 [49] . Objective quantifi cation of CNS atrophy has been 
recognized as a potentially useful marker of the destruc-
tive and irreversible components of MS - related tissue 
damage. Recent MRI studies have confi rmed that irre-
versible tissue loss/damage occurs early in the course of 
the disease and it is likely that the extent of such irrevers-
ible tissue damage conveys important prognostic infor-
mation. In CIS patients who evolved to MS, the 
development of regional or global brain atrophy over a 
period of up to 3 years  [50 – 52] , as well as progressive 
brain GM atrophy, was observed  [50] . In CIS patients, a 
low dose of interferon (IFN) beta - 1a given subcutane-
ously once a week has been shown to reduce the rate of 
brain atrophy by about 30% over 2 years  [51] . Con-
versely, compared to normal controls, cord area was 
found to be only slightly reduced in patients presenting 
with CIS and an abnormal MRI scan, and cord area 
remained stable over 1 year after disease onset  [53] .   

  Non -  c onventional  MRI  
    (1)     MT - MRI. Reduced MT ratio (MTR) values have 
been detected in the normal - appearing WM (NAWM) 
and GM from patients at presentation with CIS  [54 – 56] . 

 Recommendations 
    In patients at presentation with CIS suggestive of MS (i.e. 
neurological fi ndings typically seen in the setting of MS), after 
appropriate exclusion of alternative diagnostic considerations 
that can mimic MS, the following recommendations should be 
considered. 

  (1)     cMRI of the brain (dual - echo, FLAIR, and post - contrast 
T1 - weighted scans) should be obtained as soon as 
possible in all patients presenting with an isolated 
demyelinating syndrome involving the CNS, not only to 
collect additional evidence for DIS, but also to exclude 
other possible neurological conditions. As suggested by 
the guidelines from the AAN  [40] , the fi nding in these 

patients of three or more T2 - hyperintense lesions with 
the imaging characteristics underlined by the IP guidelines 
 [2, 3]  (Level A recommendation) and the presence of two 
or more Gd - enhancing lesions at baseline are sensitive 
predictors of the subsequent development of CDMS 
within the next 7 – 10 years (Level B recommendation).  

  (2)     The presence of three or more WM lesions on brain 
T2 - weighted MRI in patients suspected of having MS is 
not diagnostic, especially when their location and 
appearance is non - characteristic for demyelination. In this 
context, the IP criteria  [2, 3]  should be applied. Incidental 
WM lesions are not an infrequent observation even in 
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the young normal population. Note that with ageing (at 
least        50 years) incidental WM lesions may also show 
progression  [66]  (Good Clinical Practice Point, GCPP).  

  (3)     In the case of corticosteroid treatment, which is known 
to dramatically suppress Gd enhancement, one of the 
possible markers of infl ammation, cMRI should be 
performed before treatment or, at least, 1 month after 
treatment termination (GCPP).  

  (4)     cMRI of the spinal cord is useful in those circumstances 
when brain MRI is normal or equivocal, and in patients 
with non - specifi c brain T2 - abnormalities (especially when 
older than 50 years), because, contrary to what happens 
for the brain, cord lesions rarely develop with ageing  per 
se   [67] . In patients presenting with a spinal cord 
syndrome, spinal cord MRI is highly recommended to rule 
out other conditions that may mimic MS, such as 
compressive lesions (GCPP).  

  (5)     In patients with acute ON, although it will not always be 
required, MRI of the optic nerve can be useful in ruling 
out alternative diagnosis. In this case, STIR sequences 
should be used (GCPP).  

  (6)     Follow - up MRIs are required to demonstrate DIT. In this 
perspective, the appearance of Gd - enhancing lesions 3 
months after the clinical episode or new T2 or Gd -
 enhancing lesions 30 days after the clinical episode (and 
after a baseline MRI assessment) is highly recommended. 
Follow - up scans should be performed with the same 
machinery and scanning parameters, and identical slice 
positions are required for exact comparison (Level B 
recommendation). A scanner with at least 1.0 Tesla should 
be used to optimize image quality and tissue contrast.  

  (7)     Repeat scanning beyond the two initial studies needs to 
be considered by the neurologist individually according to 
the clinical circumstances that are appropriate for each 
patient [is not routinely recommended as the disease 
becomes more likely to manifest clinically in the longer 
term  [68] ] (GCPP).  

  (8)     Nephrogenic systemic fi brosis (NSF) is a medical condition 
that has come to be associated with exposure to the Gd 
 [69, 70] . Normal renal function has to be confi rmed prior 
to Gd administration (GCPP).  

  (9)     Although non - conventional MRI techniques may provide 
essential and critical information about patients with CIS, 
and their application for monitoring treatment might 
provide a more accurate assessment of effi cacy on 
infl ammation, axonal protection, and demyelination/
remyelination, their use in clinical practice is currently not 
recommended. All these techniques are yet to be 
adequately compared to cMRI for sensitivity and 
specifi city in detecting tissue damage in MS and for 
predicting the development of MS and disability. At 
present, these quantitative techniques show differences 
at a group level, but do not allow inferences at an 
individual level (GCPP).  

  (10)     In patients with insidious neurological progression over at 
least one year, PPMS  [71]  can be diagnosed reliably in 
the absence of positive CSF fi ndings (when typical brain 
and spinal cord MRI changes are present). Even if in 
these patients a positive CSF fi nding increases the level of 
confi dence for a diagnosis of MS, such a fi nding is not 
specifi c and may be commonly detected in patients with 
progressive myelopathies of other causes (GCPP).       

   MRI  in  p atients with  CDMS  

 In patients with relapsing - remitting (RR) and secondary 
progressive (SP) MS, disease activity is detected fi ve to 10 
times more frequently on cMRI scans than with clinical 
assessment of relapses. This, coupled with the fact that 
cMRI provides objective and sensitive measures of 
disease activity, led to the use of cMRI as an established 
tool for assessing the natural history of MS progression 
and for monitoring response to treatment. In a clinical 
trial context, cMRI is used as a primary outcome measure 
in phase II studies, where serial scans (usually monthly) 
are acquired to detect disease activity (new or enlarged 
T2 - lesion counts, total enhancing and new enhancing 
lesion counts, and enhancing lesion volume)  [72] . In 
phase III trials, given the uncertainty of cMRI in predict-
ing clinical benefi t, surrogate imaging methods are used 
as secondary outcome measures to detect disease pro-

gression, usually on yearly scans, specifi cally in terms of 
increase in total T2 - hyperintense lesion load  [73] . 

  Conventional  MRI  
 The cMRI sequences typically used for studying MS 
patients are dual - echo and post - contrast T1 - weighted 
scans. Lesion burden on T2 MRI increases by about 
5 – 10% per year. Several cross - sectional studies evaluated 
differences in T2 - lesion load among different MS pheno-
types. T2 - lesion load is higher in SPMS in comparison to 
benign, RRMS, and PPMS  [74] . However, the magnitude 
of the correlation between T2 - lesion measures and 
disability within various disease phenotypes in cross -
 sectional studies has been rather disappointing  [75] . This 
poor relationship is likely related to the many limitations 
of the clinical scales used to measure impairment and 
disability in MS and to the inability of cMRI to character-
ize and quantify the extent and severity of MS pathology 
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5 – 7   min between the injection of contrast material and 
the acquisition of post - contrast sequences should be 
maintained routinely to optimize the sensitivity and 
create standardization within and between centres  [89] . 

 Over the past decade, a large number of parallel group, 
placebo - controlled, and baseline - versus - treatment trials 
have clearly shown the ability of several immunomodu-
lating and immunosuppressive treatments to reduce 
both MRI - measured infl ammation and the consequent 
increase of accumulated lesion burden in patients with 
CIS  [9 – 12]  (Class I evidence), RRMS  [90 – 119]  (Class I 
evidence) and SPMS  [106, 120 – 125]  (Class I evidence). 
The long - term effects of some of these treatments on 
MRI - accumulated disease burden have also been docu-
mented ( [126 – 128]  (Class I evidence). A few studies in 
patients treated with IFN - beta, have explored whether 
MRI disease activity measured with Gd or new T2 lesions 
at the beginning of the treatment identifi es better subse-
quent therapeutic response than clinical activity  [129 –
 132]  (Class I evidence). Patients with rapidly evolving 
severe RRMS, defi ned by two or more disabling relapses 
in one year, and with one or more Gd - enhancing lesions 
on brain MRI or a signifi cant increase in T2 lesion load 
as compared to a previous recent MRI, have been shown 
to have a greater treatment effect in the natalizumab trial 
 [102] . Following the European Medicines Agency (EME) 
guidelines, natalizumab is indicated as single disease 
modifying therapy in highly active RRMS for the follow-
ing patient groups: (a) patients with high disease activity 
(including at least one Gd - enhancing lesion) despite 
treatment with a IFN - beta, or (b) patients with rapidly 
evolving severe RRMS (including new T2 lesions or at 
least one new Gd - enhancing lesion compared with a 
recent MRI). Even if these data suggest that MRI classi-
fi cation may facilitate rational therapeutic decisions, they 
need to be replicated before being applied in clinical 
practice. 

 Persistently hypointense lesions on enhanced T1 -
 weighted images (known as  ‘ black holes ’ ) correspond to 
areas where chronic severe tissue disruption has occurred. 
At present, there is a general tendency to consider the 
assessment of the extent of chronic black holes as a sur-
rogate marker to monitor MS evolution. T1 - hypointense 
lesion load is higher and increases more rapidly over time 
in SPMS and PPMS than in RRMS  [133] . In addition, 
T1 - hypointense lesion load correlates better with clinical 
disability than T2 - lesion load, particularly in SPMS 

beyond T2 - visible lesions  [1] . Furthermore, albeit not 
confi rmed by a subsequent study  [76] , a plateauing rela-
tionship between dual - echo lesion load and disability has 
been shown, indicating that for Expanded Disability 
Status Scale (EDSS) higher than 4.5, metrics different 
from T2 - lesion loads should be taken into account  [77] . 
Serial MRI studies have shown that enhancement occurs 
in almost all new lesions in patients with RRMS or SPMS 
and can be sometimes detected even before the onset of 
clinical symptoms  [78] . The burden of MRI activity can 
be stratifi ed on the basis of clinical phenotype, being 
higher in RRMS  [79]  and SPMS  [80]  in comparison with 
PPMS  [80]  and benign MS  [79] . Severely disabled SPMS 
patients exhibit a substantially lower incidence of enhanc-
ing lesions when compared to those with mildly disabled 
RRMS  [81] . Several studies have investigated the prog-
nostic role of enhancing MRI on corresponding clinical 
parameters. The number of enhancing lesions increases 
shortly before and during clinical relapses and predicts 
subsequent MRI activity  [82 – 84] . A moderate correlation 
has been demonstrated between the degree of clinical 
disability and the mean frequency of enhancing lesions 
in patients with RRMS  [85]  and SPMS  [86] . 

 A rigorous and valid strategy for the MR - based longi-
tudinal monitoring of MS (either natural or modifi ed by 
treatment) must involve the use of standardized imaging 
protocols (including consistency in slice thickness and 
imaging planes, fi eld strength, and patient repositioning). 
Several guidelines have emphasized the importance of 
accurate patient positioning inside the magnet to defi ne 
landmarks for achieving effective co - registration on serial 
scans. Such procedures facilitate the accurate interpreta-
tion of follow - up studies  [73, 87] . Several reviews provide 
detailed analysis of the advantages and disadvantages of 
the application of different pulse sequences for character-
izing the disease burden in MS  [73] . In addition, consid-
ering the importance of active lesion detection for 
assessing disease activity, several strategies have been sug-
gested to increase enhancing lesion detection, including 
increased post - injection delay, increased Gd dose, and 
the application of MT saturation pulses to reduce back-
ground signal and increase lesion identifi cation  [88] . 
However, despite the increased sensitivity of these strate-
gies, the application of higher doses of Gd and MT pulsing 
in the routine assessment of MS patients is still not advis-
able due to an unfavourable cost - benefi t ratio. On the 
contrary, there is general agreement that an interval of 
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moderate and not seen at all in some studies  [84, 
102, 121, 152 – 156] . Overall, treatment effects on T1 -
 hypointense lesions are more impressive than those seen 
on brain atrophy and are more in line with treatment 
effects observed on T2 lesions. The T1 lesion putatively 
investigates axonal loss only in a subgroup of visible WM 
lesions; whereas whole brain atrophy will be sensitive to 
neuroaxonal loss wherever it occurs in brain GM or WM. 
To refi ne the reproducibility of brain atrophy measure-
ments, several recommendations have been provided  [49, 
142] , including: (1) the acquisition of 3D T1 - weighted 
sequences; (2) the use of automated segmentation algo-
rithms for images segmentation; (3) the development of 
a quality assurance programme to confi rm the stability 
of the measurement system over time.  

  Non -  c onventional  MRI  
 MT - MRI, DT - MRI, and  1 H - MRS provide quantitative 
and continuous measures that can assess global (whole 
brain) as well as specifi c CNS structures, including the 
optic nerve and spinal cord, and various compartments 
(i.e. macroscopic lesions, NABT, NAWM, and GM) 
 [157 – 159] . Using these techniques, microscopic abnor-
malities beyond the resolution of cMRI have been 
detected in patients with different MS phenotypes and 
have been shown to correlate better with the degree of 
disability and cognitive impairment than cMRI measures 
 [157 – 159] . Longitudinal studies have shown signifi cant 
worsening of non - conventional MRI metrics over time 
in MS patients. These techniques provide useful prognos-
tic information for the medium - term clinical disease 
evolution  [160 – 162] . 

 Although the optimization and standardization across 
multiple sites and over time of MT sequences might be 
challenging, and long - term longitudinal studies using 
MT MRI are lacking, MT MRI holds substantial promise 
to provide good surrogate measures for MS evolution. 
This is witnessed by the fact that several MS trials have 
already incorporated MT MRI quantities as additional 
outcome measures, with a view to assessing the impact 
of treatment on demyelination and axonal loss. MT MRI 
has been used in phase II and phase III trials for RRMS 
(injectable and oral IFN beta - 1a, IFN beta - 1b, and oral 
glatiramer acetate [GA]) and SPMS (IFN beta - 1b and 
immunoglobulins). In these phase III trials, MT MRI 
acquisition has been limited to highly specialized MR 
centres and only subgroups of patients (about 50 – 100 per 

patients. A few trials have investigated the effect of 
treatment in preventing the accumulation of T1 black 
holes  [134 – 137]  in RRMS and SPMS and have consis-
tently shown that the effect, if any, of all the tested 
treatments in reducing the rate of accumulation of 
black holes is moderate at best. A greater effect has been 
shown in patients treated with natalizumab: median T1 -
 hypointense lesion volume decreased by 1.5% in the 
placebo group and by 23.5% in the natalizumab group 
 [102] . Several studies have also evaluated the effects of 
available treatments  [138 – 140]  on the probability of 
newly formed MS lesions to evolve into chronically T1 -
 hypointense lesions. Although this approach is highly 
time - consuming, it is promising for assessing in a rela-
tively short time the ability of a given treatment to 
favourably alter the mechanisms leading to irreversible 
tissue loss. 

 Measurement of brain and cord atrophy has also been 
applied to assess the extent of tissue loss in MS  [49, 141] . 
In MS patients with different disease phenotypes, on 
average, brain volume decreases by about 1% yearly  [49] , 
despite evidence of highly variable disease activity. 
Although it appears to be more pathologically specifi c 
than T2 - lesion load, brain atrophy is at best only mod-
erately correlated with disability in RRMS and SPMS  [49, 
142] . The strength of the correlation increases when neu-
ropsychological impairment is considered  [143]  and with 
a longitudinal study design  [144, 145] . Also, in patients 
with MS, particularly in those with the progressive phe-
notypes of the disease, changes at a given time point and 
over time of cord cross - sectional area correlate better 
with clinical disability than changes in cord T2 - visible 
lesions  [19] . 

 Good correlations have been found between regional 
brain atrophy and disability in MS patients. GM atrophy 
has been demonstrated by cross - sectional and longitudi-
nal studies  [146, 147]  from the early stages of the disease. 
Such a GM atrophy tends to worsen over time  [148] , and 
is correlated with worsening of disability progression 
 [149] . In addition, brain atrophy appears to evolve by 
involving different structures in different phases of the 
disease, with ventricular enlargement predominant in 
RRMS and cortical atrophy more important in the pro-
gressive forms of the disease  [150, 151] . 

 As shown for T1 - hypointense lesions, the effect of 
treatment in preventing the development of brain 
atrophy in patients with RRMS and SPMS was at best 
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 Recommendations 
    In patients with established MS, the following 
recommendations should be considered: 

  (1)     cMRI scans (dual - echo and post - contrast T1 - weighted 
images) should be obtained using standardized protocols 
and accurate procedures for patients ’  repositioning to 
facilitate the interpretation of follow - up studies. 
Post - contrast T1 - weighted scans should be acquired after 
an interval of 5 – 7   min from the injection of contrast 
material. Considering the weak correlation with clinical 
fi nding and the low predictive value of cMRI metrics for 
the subsequent worsening of clinical disability, the use of 
surveillance MRI for the purpose of making treatment 

trial) have been studied using this technique. Two phase 
II studies have shown that treatment with IFN beta - 1b 
 [163]  or IFN beta - 1a  [164]  favourably modifi es the 
recovery of MT ratio values which follows the cessation 
of Gd enhancement in newly formed lesions from RRMS 
patients (Class II evidence). On the contrary, Richert  et 
al.   [163]  did not fi nd any signifi cant difference in the 
MTR values of NAWM regions of interest before and 
during IFN beta - 1b therapy, as well as in the parameters 
derived from whole - brain MTR histograms  [165]  in 
RRMS patients (Class II evidence). In patients with 
SPMS, a lack of effect of IFN beta - 1b  [166]  on MT - MRI -
 derived quantities of the whole - brain tissue and NAWM 
was reported and the fi ndings with intravenous immu-
noglobulins were equivocal  [167]  (Class II evidence). 

 An international consensus conference of the White 
Matter Study Group of the International Society for MR 
in Medicine has provided several guidelines for using 
MT - MRI for monitoring treatment in MS  [168] . Among 
the suggestions provided in these guidelines, are the rec-
ommended use of scanners with fi eld strength of 1.5 T, 
gradient - echo sequences, and the standardization of 
magnetization saturation among centres. Corrections for 
scanner properties like variations in the B 1  fi eld may also 
serve to reduce the variability of MT measurements 
between sites  [169] . Quality assurance procedures and 
centralized analysis of the data represent additional 
important requirements. 

  1 H - MRS is relatively time - consuming and requires 
experienced personnel, which limits its use in the context 
of multicentre studies. Nevertheless, a few studies 
have been conducted to evaluate the effect of disease -
 modifying treatments on  1 H - MRS - derived parameters. 

Using monthly  1 H - MRS scans, Sarchielli  et al.   [170]  
found that treatment with IFN beta - 1a has an impact on 
Cho peaks in spectra of lesions from RRMS patients, 
suggesting an increase in lesion membrane turnover 
during the fi rst period of treatment. Narayanan  et al.  
 [171]  found an increase of NAA/Cr in a small group of 
RRMS patients after 1 year of treatment with IFN beta -
 1b, suggesting a potential effect of treatment in prevent-
ing chronic, sublethal axonal injury. Schubert  et al.   [172]  
showed a stability of metabolite concentration over time 
in patients with RRMS treated with IFN beta - 1b. Khan 
and co - workers  [173]  showed that patients receiving GA 
therapy for 4 years had an increase in NAA in the NAWM. 
One study used multicentre  1 H - MRS data to assess PPMS 
patients  [174] . This study reported comparable cross -
 sectional  1 H - MRS values in healthy controls from differ-
ent centres, indicating that  1 H - MRS data can be highly 
reproducible across sites, when factors such as data 
acquisition, position and size of the volume of interest, 
postprocessing, and quantifi cation procedures are stan-
dardized. A 3 - year follow - up  [175]  showed no signifi cant 
difference in metabolite ratios between patients treated 
with GA and those of the placebo group in lesions, 
NAWM and GM. However, there were also no detectable 
temporal changes in metabolite ratios in the two groups 
of patients relative to baseline values during the study 
period. As a consequence,  1 H - MRS sensitivity to MS -
 related changes in clinical trials remains to be established. 
A panel of MS experts has recently reviewed the current 
clinical applications of  1 H - MRS in MS, discussed the 
potential and limitations of the technique, and suggested 
recommendations for the application of  1 H - MRS to 
clinical trials  [176] .    

decisions cannot be generally recommended. Serial MRI 
scans should be considered when diagnostic issues arise 
(GCPP).  

  (2)     Repetition of MRI of the spinal cord is advisable only if 
suspicion arises concerning the evolution of an alternate 
process (e.g. mechanical compression) or atypical 
symptoms develop (GCPP).  

  (3)     Although preliminary work based on clinical trial data has 
suggested that the presence and amount of MRI - detected 
disease activity may identify IFN response status in terms 
of relapse rate and accumulated disability in MS patients 
at a group level, there are no validated methods for 
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monitoring disease - modifying therapy in individual patients 
(Class I evidence).  

  (4)     Metrics derived from cMRI are not enough to provide a 
complete picture of the MS pathological process. Although 
cMRI has undoubtedly improved our ability to assess the 
effi cacy of experimental MS therapies and, at least 
partially, our understanding of MS evolution, it provides 
only limited information on MS pathology in terms of 
accuracy and specifi city and it has limited correlations with 
clinical metrics. This implies that the ability of a given 
treatment to modify metrics derived from cMRI does not 
mean that the treatment will necessarily be able to prevent 
the progressive accumulation of clinical disability, especially 
at an individual patient level.  

  (5)     Measurements of T1 - hypointense lesions loads and brain 
and cord atrophy in clinical practice continue to be 
considered at a preliminary stage of development, as they 

need to be standardized in terms of acquisition and 
post - processing. Conversely, these metrics should be 
included as an end - point in disease - modifying agents 
trials, to further elucidate the mechanisms responsible for 
disability (GCPP).  

  (6)     The application of non - conventional MRI techniques in 
monitoring patients with established MS in clinical practice 
is, at the moment, not advisable. All these techniques still 
need to be evaluated for sensitivity and specifi city in 
detecting tissue damage in MS and its changes over time 
(GCPP).  

  (7)     MT - MRI should be incorporated into new clinical trials to 
gain additional insights into disease pathophysiology and 
into the value of this technique in the assessment of MS 
(Class II evidence). The performance and contribution of 
DT MRI and  1 H - MRS in multicentre trials still have to be 
evaluated.     
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various authors  [3 – 5] . Of all the available techniques, 
neuroimaging, particularly magnetic resonance imaging 
(MRI), is still the most suitable and cost - effective para -
 clinical testing method used in headache patients, with 
the highest rate of diagnosis. Finally, we consider the 
potential use of these methods in headache research. An 
extensive review of the main references in the literature, 
together with an update on the most important contribu-
tions made by neurophysiological studies to our under-
standing of the pathogenesis of primary headache, was 
published in connection with the publication of the fi rst 
edition of these guidelines  [2, 6] .  

  Aims and  m ethods 

 The intention in compiling the information in this docu-
ment was to develop guidelines to help physicians make 
appropriate choices regarding the use of instrumental 
tests in non - acute headache patients. Reviews of pub-
lished clinical evidence (from 1988 to July 2009) were 
evaluated. Key literature references pre - dating the fi rst 
edition of the IHS Classifi cation  [7]  were particularly 
carefully examined as these studies applied different 
diagnostic criteria for headache. 

 The guidelines were prepared according to the EFNS 
criteria  [8, 9]  and the level of evidence and grade of 
recommendation are expressed in accordance with this 
reference.  
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   Introduction 

 The most important tools in the diagnosis and treatment 
of headache disorders are, without doubt, careful clinical 
neurological examinations and detailed reports on the 
patient ’ s history and symptoms. Application of the diag-
nostic criteria of the International Headache Society 
(IHS Classifi cation 2nd edition  [1] ), can lead to a prob-
able diagnosis that allows adequate treatment. However, 
in many cases, particularly when the headache presents 
as atypical with changing clinical features or as a symptom 
of another primary illness, neurologists fi nd it necessary 
to supplement the clinical work - up of the patient with 
para - clinical tests. The differential diagnosis of acute 
headache (e.g. primary thunderclap headache) versus 
symptomatic headache presents several diffi culties and 
neuroimaging investigations are mandatory. This report 
is an update of the fi rst edition of these guidelines  [2]  
and is based on a critical review of the literature on the 
application of neurophysiological tests and imaging pro-
cedures in non - acute headache patients. In addition to 
evaluating the clinical usefulness of these tests and pro-
cedures in the diagnostic setting, we present updated 
guidelines for their use, as attempted previously by 

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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as well as habituation and gating phenomena in 
migraine  [15] .  

  Refl ex  r esponses 
 Several electrophysiological techniques have been used to 
explore polysynaptic refl exes in headache patients. The 
blink refl ex (BR) and corneal refl ex (CR) are refl ected in 
the bilateral closure of the eyelids in response to a stimulus; 
in laboratory settings, that is usually an electrical stimula-
tion of the supraorbital nerve. The BR consists of three 
components: an ipsilateral early component (R1), a bilat-
eral late component (R2), and a bilateral ultralate compo-
nent (R3). The precise nature of R1 and R2 is still debated, 
while R3 is considered to be a nociceptive component. 
The CR is composed of two late bilateral symmetrical 
components, probably equivalent to the R2 component. 

 Several BR and CR abnormalities have been described 
in primary headaches, but data documenting the speci-
fi city and sensitivity of these tests  [16 – 19]  are scarce. The 
exteroceptive suppression (ES) of masticatory muscle 
activity is a trigemino – trigeminal refl ex consisting of 
biphasic (ES1 and ES2) inhibition of voluntary contrac-
tion (of variable duration) that occurs bilaterally in 
response to various exteroceptive stimuli. The inhibitory 
effect is mediated by interneurones located in the propri-
obulbar and pontine reticular formation, close to the 
trigeminal motor nucleus on each side. The literature 
contains confl icting data on ES abnormalities in tension -
 type headaches  [20] . 

 Recent evidence suggests the nociceptive blink refl ex 
(nBR) could be a useful tool for evidencing sensitization 
phenomena induced by nitroglycerin  [21] . Using nBR 
and pain - related evoked potentials (PREP) Obermann 
 et al.   [22]  evidenced an impairment of the trigeminal 
nociceptive system due to demyelination and/or axonal 
dysfunction on the symptomatic side and locate this 
defect close to the root entry zone in the brainstem in 
trigeminal neuralgia. 

 Nociceptive fl exion refl exes (NFRs), evoked at the 
biceps femoral muscle by electrical stimulation of the 
sural nerve, are thought to constitute a useful tool for 
exploring the pain control system in human beings, but 
only a few NFR studies have been conducted in headache 
patients  [18] . NFRs allow the documentation sensitiza-
tion phenomena and impairment of diffuse noxious 
inhibitory controls in migraine and chronic tension type 
headache  [23, 24] .  

  Main  fi  ndings for 
the  d ifferent  t echniques 

  Electroencephalography ( EEG ) 
 The usefulness of EEG in the diagnosis of headache is 
debated. Early EEG studies of migraine emphasized the 
frequent abnormal recordings, contemporary reviewers 
have criticized most of them for various methodological 
omissions and fl aws  [10, 11] ). The American Academy of 
Neurology concluded that  ‘ EEG is not useful in the 
routine evaluation of patients with headache (guideline) ’ , 
admitting, however, that EEG may be used in headache 
patients with associated symptoms suggesting a seizure 
disorder  [12] . 

 EEG is the best laboratory investigation to support the 
clinical diagnosis of epilepsy, showing good sensitivity 
(80 – 90% in serial recordings) and specifi city (false - 
positive rates in 0.2 – 3.5% of healthy subjects)  [13] . It 
also plays an important role in the evaluation of 
other focal and diffuse central nervous system (CNS) 
disorders. 

 Quantitative frequency analysis of EEG (QEEG), with 
or without topographic mapping, is a more objective 
method than conventional EEG interpretation, although 
there are a number of possible methodological pitfalls 
that should be avoided. The use of QEEG is generally 
recommended only in conjunction with visual EEG 
interpretation performed by a skilled observer  [14] .  

  Evoked  p otentials 
 Evoked potentials (EPs) are cortical EEG potentials tem-
porally linked to a specifi c sensory input. Although all 
sensory stimuli contribute to the overall EEG activity, 
EPs cannot be identifi ed in the normal EEG because 
they are not separable from ongoing EEG activity. 
However, when clear temporal defi nition of the stimulus 
is possible (i.e. in the case of a sudden onset), short 
stretches of post - stimulus EEG can be averaged. Any 
activity that is not time - locked to the stimulus disappears 
from the average, while the EEG response to the stimulus 
remains. In this way, the cortical response to very specifi c 
stimuli can be investigated in spatial and temporal 
detail. In migraine, much attention has been paid to 
visual stimuli, which is not surprising given the presence 
of visual auras and photophobia in this disorder. EPs 
have made it possible to document cortical excitability, 
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migraine headache attack, and in the development of the 
chronic form of migraine, as well as in TTH  [33 – 36] . 
Clinically, central sensitization may result in allodynia of 
the face and scalp  [33 – 35]  during the headache attack, 
whereas pain sensitivity seems to be normal between 
attacks  [34, 35] . Central sensitization is also associated 
with cortical plastic changes in the chronic subforms 
 [36] . Clinical tests to demonstrate central sensitization 
are still unspecifi c and cannot yet be used to discrimi-
nate between different coexisting primary or secondary 
headaches. The ICHD - I and II divided TTH arbitrarily 
into two subgroups in order to study the pathophysio-
logical relevance of pericranial muscles in this disorder. 
The subdivision was motivated by the clinical observa-
tion that many TTH patients have increased tension, 
tenderness, and stiffness in their neck and shoulder 
muscles, whereas some, a smaller group and much more 
diffi cult to treat, lack muscle tenderness. The IHS clas-
sifi cation did not lay down specifi c diagnostic methods 
and although several studies have been carried out since 
then  [19, 33, 37 – 39] , it is still not clear whether different 
pathophysiological mechanisms subtend the headache in 
these two subgroups. The recording of tenderness has 
been a widely debated subject but methodological 
studies now show manual palpation to be an easy and 
reliable method of studying myofascial pain sensitivity 
in a clinical setting, providing the intensity of the applied 
pressure is controlled  [39] . Most, but not all, systematic 
studies of pressure pain threshold (PPT) demonstrate 
that patients with chronic TTH have increased pain sen-
sitivity due to central sensitization  [19, 33, 36, 39, 40] . 
Nevertheless, neither PPT nor surface EMG recordings 
from the pericranial muscles provide additional diag-
nostic information in the clinical setting. Therefore, 
although the level of evidence is restricted, only manual 
palpation, preferably as pressure controlled palpation, 
can be recommended to divide the three subtypes of 
TTH (infrequent episodic, episodic, and chronic TTH) 
and no clinical test can yet be recommended for 
migraine.  

  Neuroimaging 
 Radiological examinations are often sought in patients 
with headache. Most headache sufferers seeking medical 
attention fear they may have a serious illness and often 
request a radiological investigation. As radiological exam-
inations are not particularly invasive or uncomfortable, 

  Autonomic  t ests 
 The autonomic nervous system (ANS) consists of three 
parts: the sympathetic, parasympathetic, and enteric 
nervous systems. Each of these is divided into subsystems 
according to the effector organs innervated by the termi-
nal neurons.  ‘ Sympathetic ’  and  ‘ parasympathetic ’  neurons 
are actually defi ned on the basis of anatomical rather 
than functional criteria; thus, afferent neurones innervat-
ing visceral organs are not denoted as sympathetic or 
parasympathetic, but as visceral  [25, 26] . When consider-
ing the role of the ANS in the different types of headache, 
there are three questions that should be borne in mind 
 [27, 28] ). 
  1     Is the ANS involved in the generation and mainte-
nance of pain? Hypotheses regarding the mechanisms of 
possible sympathetic nervous system involvement in the 
generation and maintenance of pain have been formu-
lated and tested in animal and human experimental 
models  [27, 29, 30] ).  
  2     Are functional autonomic abnormalities associated 
with different types of headache, the consequence of and 
therefore secondary to headache? This question addresses 
the observation that all pain is accompanied by auto-
nomic reactions that are based on central refl ex pathways 
in the neuraxis, and on the central integration of nocicep-
tive with autonomic systems. In normal biological condi-
tions, these autonomic reactions are primarily protective 
for the organism, but this may not necessarily continue 
to be the case in pathobiological conditions  [27] .  
  3     Are headache and functional autonomic abnormalities 
parallel events and therefore the consequence of possible 
central abnormalities? If they are, it could be useful to 
investigate these autonomic abnormalities in an attempt 
to elucidate the central pathophysiological changes 
that may underlie both headache and autonomic 
disturbances.    

 The diagnosis and management of autonomic disor-
ders are highly dependent on the testing procedures used 
 [31] . Neurophysiological techniques have revealed 
several autonomic disturbances in primary headache, in 
cluster headache, in trigeminal autonomic cephalgias in 
particular  [32] , but the clinical relevance of these fi ndings 
is doubtful.  

  Clinical  t ests in  h eadache 
 Central sensitization is thought to play an important 
role in the maintenance and exacerbation of the acute 
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in detecting bleeding in the subarachnoid space, if ade-
quate sequences such as fl uid attended inversion recovery 
(FLAIR) are used  [43] . Recently, functional MRI (fMRI) 
of the brain also allowed very interesting studies of brain 
time perfusion, water molecular diffusion, and cerebral 
cortical activation. However, these techniques and appli-
cations are still in a state of evolution. The extent to 
which they can be applied in the examination of head-
ache is not yet clear, although they may prove to be 
helpful in differentiating between ischaemic insult and 
prolonged migraine aura in select patients during 
migraine attacks  [44] . 

 A large prospective consecutive study by AP Sempere 
 et al.   [45]  included 1,876 patients with non - acute 
headache. Neuroimaging was performed with MRI or 
CT. Signifi cant intracranial lesions were found in 22 
patients (1.2%). The rate of signifi cant intracranial 
abnormalities in patients with headache and normal 
neurological examination was 0.9%. However, the only 
clinical variable associated with a higher probability of 
intracranial abnormalities was neurological examination. 
The authors conclude that the proportion of patients 
with headache and intracranial lesions was relatively 
small, but neither neurological examination nor the fea-
tures in the clinical history provide a basis on which to 
rule out such abnormalities. 

 Very recently a population - based MRI study demon-
strated that migraine is associated with an increased 
risk of deep white matter lesions, but further investi-
gations are need to defi ne the long - term functional 
correlates  [46] . 

 The relevance of neuroimaging in trigeminal auto-
nomic cephalalgia (TACs) has been just revised by 
Wilbrink  et al.   [47]  and it was recommended that neu-
roimaging should be carefully considered in all patients 
with TACs( - like) syndromes.  

   SPECT  and  PET  
 Single - photon emission computerized tomography 
(SPECT) and positron emission tomography (PET) are 
nuclear medicine imaging methods  [48] , both of which 
require the administration of radioactive tracers to the 
patient. SPECT involves the sampling of emitted radia-
tion by means of a gamma camera, with the camera heads 
or their collimators moving around the subject ’ s head 
during data acquisition. Because SPECT cameras are 
versatile, less expensive, and less costly to run than PET 

and as they detect any intracranial diseases present, the 
threshold for requesting them is low. However, when 
deciding whether or not to use radiological techniques, 
one should consider the likelihood of detecting underly-
ing diseases in headache patients  [41] . In the medical 
literature, studies that use radiological techniques in 
populations of headache patients can be divided into three 
categories. First, studies investigating the aetiology and 
pathophysiological mechanisms of headache; second, 
studies focusing on the pathological sequelae of headache; 
and third, studies on the role of radiological techniques 
in the work - up of headache patients. As one of the aims 
of this paper was to provide guidelines on the usefulness 
of radiological techniques in the evaluation of headache 
patients with normal neurological examinations, we 
reviewed a subset of the third category. 

 The current literature has been reviewed with a view 
to establishing guidelines for the future use of radiologi-
cal methods in headache patients  [42] , and the methods 
were found to present certain limitations. Although there 
is a need for further systematic studies on this topic, some 
conclusions can, nevertheless, be drawn  [42] . 

 There is no role for conventional roentgen techniques 
(skull fi lms) in the work - up of headache patients, as the 
conditions underlying headache in these subjects are 
generally located inside the skull and therefore not 
detectable using these methods. Digital subtraction angi-
ography (DSA) is an invasive procedure associated with 
a signifi cant morbidity and mortality rate. DSA still 
seems to be superior to other radiological techniques in 
detecting intracranial arteriovenous malformations 
(AVMs) and fi stulas. However, it is relatively rare for any 
of these conditions to underlie the headache and, fur-
thermore, some lesions of this kind are also visible using 
non - invasive techniques (computerized tomography 
(CT) and MRI). Therefore, it is not appropriate to use 
DSA in the screening of headache patients for intracra-
nial disease. 

 Both CT and MRI can be performed with and without 
the application of intravenous contrast agents. MRI is 
more sensitive to the presence of intracranial disease than 
CT, and the sensitivity of both techniques is increased 
when they are used in conjunction with intravenous con-
trast agents. 

 Detection of the presence of a recent intracranial 
haemorrhage is straightforward on CT. However, it has 
been demonstrated that MRI is at least as sensitive as CT 
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 Recommendations 
   Electroencephalogram  
  Routine  EEG  with  i ntermittent  p hotic  s timulation 
and  s tandard  v isual  i nterpretation 
 Interictal EEG is not routinely indicated in the diagnostic 
evaluation of headache patients. Interictal EEG is only 
indicated if the clinical history suggests a possible 
diagnosis of epilepsy, e.g. in the case of: (a) unusually 
brief headache episodes; (b) unusual aura symptoms 
(e.g. gastric/olfactory sensations, circular visual symptoms); 
(c) headache associated with unusually brief auras or 
aura - like phenomena; (d) headache associated with severe 
neurological defi cits; (e) other risk factors for epilepsy. Ictal 
EEG is indicated when headache is suspected to be a symptom 
of an epileptic seizure or an encephalopathy. Ictal EEG is 
indicated during episodes suggesting complicated aura and 
during auras associated with decreased consciousness or 
confusion.  

cameras, SPECT brain scans are carried out at most large 
hospitals. 

 The most commonly performed type of brain SPECT 
reveals regional cerebral blood fl ow (rCBF) changes. Fol-
lowing inhalation or intravenous injection of Xe 133 , it is 
possible to quantify the rCBF, although at the expense of 
spatial resolution  [49] . Tc 99   m   - labelled rCBF tracers are 
the ones most frequently used because Tc 99   m   is readily 
available in all nuclear medical departments. SPECT 
rCBF investigations can provide information about acute 
changes in regional perfusion that often arise in relation 
to the neurological symptoms associated with the aura 
phase of migraine  [6, 50] . SPECT combined with tran-
scranial Doppler (TCD) can, in addition, provide 
information about changes in diameter of the larger 
intracranial arteries  [51] . 

 Positron emission tomography is a cumbersome and 
more expensive technique than SPECT. With the excep-
tion of F 18  - labelled tracers (t 1/2         110   min), most isotopes 
for PET decay very quickly. Therefore PET requires an 
in - house cyclotron and online radiochemistry produc-
tion unit  [52] . Positron emitting isotopes, such as C 11 , O 15  
and F 18 , are naturally incorporated into biologically 
active molecules. This has facilitated the synthesis of a 
large number of radioactive labelled tracers for PET, 
for example receptor - specifi c ligands and metabolism 

markers. However, only a fraction of these are used in 
clinical scans. As a result of the high cost of establishing 
and running a PET unit, the availability of PET scans is 
limited. Most countries in Europe have only a few PET 
centres, located in university hospitals.  

  Transcranial Doppler 
 The Doppler principle is utilized in medicine in the fol-
lowing way: an ultrasound signal is transmitted into 
the body and the changes in sound frequency that 
occur when it is refl ected or scattered from the moving 
blood cells are observed. The accuracy of TCD velocity 
recordings is infl uenced by the angle of insonation, which 
in turn is determined by the technique adopted and the 
local vessel anatomy. Assuming the angle of insonation 
is constant, velocity ( V ) is dependent on volume fl ow 
( F ) through the vessel and on the vessel cross - sectional 
area ( A ), according to the formula  F          V          A . It will, 
therefore, be infl uenced by factors that cause changes in 
CBF, vessel diameter, or both. Simultaneous TCD and 
rCBF measurements may contribute to determining 
vascular changes in headache patients, as each cerebral 
vessel supplies a defi ned volume of cerebral tissue  [53] . 
TCD is mainly used to evaluate vascular reactivity in 
migraine  [6] .     

  Quantitative  EEG   m ethods ( f requency  a nalysis with 
or  w ithout  t opographic  m apping) 
 Spectral bandpower abnormalities have recently been reported 
before and during headache in migraineurs  [54] . The utility of 
advanced methods based on coherence and neural networks 
 [55]  has not yet been independently confi rmed. Current QEEG 
methods are still not routinely indicated in the diagnostic 
evaluation of headache patients. 

 QEEG must always be recorded with EEG raw data and 
interpreted by a skilled physician to avoid misinterpretation of 
technical artifacts, normal state fl uctuations and various 
physiological rhythms.  

  Analysis of  p hotic  d riving 
 Photic driving amplitude may be increased in migraine 
and tension headache patient groups as compared to 
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headache - free subjects. The specifi city of the method is not 
yet suffi ciently documented. 

 There is not enough evidence to suggest that the photic 
driving methods that are currently in use can reliably 
discriminate either between migraine and non - migraine 
primary headache patients or between primary headache 
patients and headache - free subjects.   

  Evoked  p otentials 
 The literature data, often confl icting, failed to demonstrate the 
usefulness of EPs as a diagnostic tool in migraine. Findings 
should therefore be replicated before visually evoked potentials 
(VEPs) can be recommended in the diagnosis of migraine (not 
enough data are available for other types of headache). In 
conclusion, we do not recommend the use of EPs in the 
diagnosis of headache disorders. 

 This is a Class II level of evidence, but the literature 
contains contrasting data and the clinical signifi cance of 
abnormalities is poorly understood. The grade of 
recommendation is B.  

  Refl ex  r esponses 
 Most of the refl ex response investigations have only limited 
usefulness in the diagnosis of headache. Further research in 
large populations is needed to establish which 
electrophysiological markers could be relevant in clinical 
practice. 

 This is a Class IV level of evidence for nociceptive fl exion 
refl ex (not blinded studies), and Class III for corneal refl ex and 
blink refl ex. The grade of recommendation is C for corneal 
and blink refl ex. As for exteroceptive suppression of 
masticatory muscle activity, only a few blinded studies (Class 
III) fail to confi rm previous investigations. The grade of 
recommendation is C.  

  Autonomic  t ests 
 Studies of autonomic functions in migraine and cluster 
headache were mostly focused on autonomic systems 
innervating specifi c target organs which, anatomically 
and functionally, are not necessarily related to the 
supposed autonomic origin of the pain. Autonomic 
parameters are confounded by effector organ response 
characteristics. 

 Therefore, there is no clear evidence justifying the 
recommendation of autonomic tests for the routine clinical 
examination of headache patients (Class IV, Level C).  

  Clinical  t ests in  h eadache 
 Tenderness recorded by manual palpation is the most specifi c 
and sensitive test in patients with tension - type headache, and 
can therefore be recommended as a routine clinical test in 
contrast to EMG and pressure pain thresholds. This manual 

palpation is, however, non - specifi c and cannot be used to 
discriminate between different co - existing primary or 
secondary headaches. In migraine, no clinical test can, yet, be 
recommended (Class II, Level B).  

  Neuroimaging 
    1     In adult and paediatric patients with migraine, with no 

recent change in pattern, no history of seizures, and no 
other focal neurological signs or symptoms, the routine use 
of neuroimaging is not warranted.  

  2     In patients with atypical headache patterns, a history of 
seizures, neurological signs or symptoms, or symptomatic 
illness such as tumours, acquired immunodefi ciency 
syndrome (AIDS) and neurofi bromatosis, MRI may be 
indicated (to be carefully evaluated in each case).    

 When neuroimaging is warranted, the most sensitive method 
should be used, and we recommend MRI and not CT in these 
cases. 

 This is a class III recommendation, as most studies are 
non - analytical and although there exist a few randomized 
clinical trials, some of them are not directly relevant to these 
recommendations (the grade of recommendation is B).  

   SPECT  and  PET  
 If attacks can be fully accounted for by the standard headache 
classifi cation (IHS), a PET or SPECT scan will generally be of no 
further diagnostic value. 

 Nuclear medicine examinations of cerebral circulation and 
metabolism can be carried out in subgroups of headache 
patients for diagnosis and evaluation of complications. rCBF 
can be of particular value in patients in whom the standard 
classifi cation (IHS) cannot be fully applied, when patients 
experience unusually severe attacks, or the quality or severity 
of attacks has changed. In such situations rCBF recordings 
should be carried out both during an attack (if possible several 
repeated scans) and interictally (at a time interval of   5 days 
after an attack). Quantifi able rCBF measurements are 
preferable to distribution images. 

 This is a Class IV level of evidence, that is most studies are 
case reports or case series. There is insuffi cient evidence to 
make specifi c recommendations.  

  Transcranial Doppler 
 Transcranial Doppler examination is not helpful in headache 
diagnosis. It is, however, a non - invasive examination with an 
excellent temporal resolution that is useful for studying the 
vascular aspects of the headache pathophysiology and the 
vascular effects of anti - headache medication. The information 
obtained using this method is easier to interpret if side - to - side 
comparisons are made or if it is combined with rCBF 
measurements (This is a class IV level of evidence and the 
grade of recommendation is C).  
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 degree relatives  [59] . Others studying a group of healthy 
asymptomatic subjects having a fi rst - degree relative 
affected by migraine reported a similar habituation 
defi cit also in the nociceptive blink refl ex  [60] . 

 Collectively, these fi ndings strongly suggest a link 
between the underlying genetic load and the interictal 
abnormal sensory information processing in migraineurs. 
Hence, in subjects with a familial predisposition to 
migraine, abnormal evoked cortical potential amplitudes 
and habituation may be neurophysiological markers 
indicating presymptomatic migraine.  

  Implementation of the  fi  rst  e dition 
of  EFNS   g uidelines on the  u se of 
 n europhysiological  t ests in  n on -  a cute 
 h eadache  p atients 
 In a recently published paper  [61] , a cohort of 150 Italian 
headache specialists, neurologists, and general practitio-
ners (GPs) were surveyed, with the following aims: (a) to 
investigate the diffusion, use, and perception of useful-
ness of the EFNS guidelines on the use of neurophysio-
logical tests in non - acute headache patients  [2] ; (b) to 
survey the frequency of recommendation of the different 
neurophysiological tests in non - acute migraine patients 
by guideline - aware and unaware headache specialists, 
neurologists, and general practitioners; (c) to evaluate 
the motivation for recommending neurophysiological 
tests and to verify their appropriateness and concordance 
with EFNS guidelines; and (d) to survey the perception 
of usefulness of neurophysiological testing in the differ-
ential diagnosis of migraine. 

 The results obtained in this study are used here as the 
basis of an optimisation process that aims to improve 
the dissemination, production, and implementation of 
the above - mentioned guidelines. 

 The most important fi ndings may be summarized as 
follows. 
  (a)     At least in Italy, the level of diffusion of the EFNS 
guidelines and recommendations on neurophysiological 
tests is variable, being  optimal among headache special-
ists and very limited among neurologists (the real target 
of the guidelines) and GPs. These data suggest that there 
is a need to improve the strategy for the diffusion of the 
EFNS guidelines on neurophysiological tests in headache 
among non - headache specialists.  
  (b)     The great majority of guideline - aware physicians 
commented positively on the EFNS guidelines and said 

  Appendix 

  Neurophysiological  t ests and  g enetics 
 Emerging evidence increasingly supports the notion that 
a predisposition to the common migraine phenotypes is 
transmitted from parent to offspring. Studies analysing 
the familial distribution of migraine suggest a complex 
mode of inheritance, probably because genetic effects 
(susceptibility genes) and environmental factors are 
interrelated. 

 Migraine is a recurrent disorder in which genetic infl u-
ences not only determine a critical biological threshold 
to migraine attack, but may also disturb sensory informa-
tion processing in the central nervous system (CNS) 
during the interictal period. The subtle subclinical signs 
related to disturbed CNS sensory processing may be 
useful biological markers for identifying persons geneti-
cally predisposed to migraine disorder. 

 Neurophysiological studies in patients with migraine 
typically disclose high - intensity dependence of auditory 
potentials (IDAPs) and reduced habituation to all corti-
cal sensory evoked potentials. During the past decade 
researchers have therefore investigated whether these 
abnormalities in sensory information processing have a 
migraine - specifi c familial prevalence and, whether they 
can be considered as endophenotypic markers for pres-
ymptomatic migraine. 

 Investigating IDAP slopes and visual evoked potential 
(VEP) habituation in pairs of migraineur parents and 
their offspring, S á ndor  et al.   [56]  observed that children 
tended to have more abnormal auditory and VEP values 
than parents. In a later study, Siniatchkin  et al.   [57]  
observed that children suffering from migraine have 
steeper IDAP slopes than age - matched healthy subjects 
and also steeper slopes than adult migraineurs. The same 
authors  [58]  later observed a considerable familial com-
ponent in the amplitude and habituation of early - wave 
contingent negative variation (iCNV) in migraine. For 
example, they found strong iCNV amplitude and habitu-
ation correlations between children with migraine and 
their parents with migraine, and between young 
migraineurs and their healthy parents who have a family 
history of migraine. The same investigators subsequently 
found no iCNV habituation in asymptomatic subjects 
with a family history of migraine, defi ned as  ‘ at risk ’ , and 
the iCNV amplitude correlated signifi cantly with the 
number of migraine sufferers among fi rst -  and second -
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 This is a Continuing Medical Education paper and 
can be found with corresponding questions on the inter-
net at:  http://www.blackwellpublishing.com/products/
journals/ene/mcqs . Certifi cates for correctly answering 
the questions will be issued by the EFNS.   
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  Search  s trategy and  c onsensus 

 The task force systematically searched the MEDLINE 
database for available information published in English 
up to September 2004. Key words included: interferon 
beta, multiple sclerosis, immunogenicity, antibodies, 
binding antibody assays, and NAB assays. Articles related 
to this topic from the authors ’  personal literature data-
bases were also included. For each specifi c issue at least 
one member of the task force assessed all published 
papers and omitted those that did not fulfi l given criteria, 
and read and rated the remaining articles according to 
the guidance for preparation of neurological manage-
ment guidelines by EFNS scientifi c task force ’ s revised 
recommendations 2004  [1] . Each paragraph of the guide-
lines was drafted by one member of the task force and 
circulated to the other members. After appropriate revi-
sion the guidelines were fi nalized and consensus was 
reached among all task force members at a meeting.  

  Immunogenicity 

 It is entirely predictable that patients treated with long -
 term recombinant IFN   produce antibodies against the 
product. This observation follows in the wake of other 
biological products troubled by the production of anti-
bodies, including IFN -   , erythropoietin, factor VIII, and 
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   Background and  o bjectives 

 Interferon (IFN)   is a fi rst - line therapy for relapsing –
 remitting multiple sclerosis (MS). In recent years, several 
publications have concordantly reported that binding 
antibodies (BABs) and neutralizing antibodies (NABs) 
occur during treatment with recombinant IFN   prod-
ucts. The frequencies and titres of anti - IFN   antibodies 
vary considerably depending on the IFN   preparation, 
the frequency and route of administration, and the type 
of assay being used. There is no generally accepted stan-
dardized assay for measuring BABs and NABs. Clinical 
studies in patients with MS have demonstrated that when 
NABs to IFN   develop, the therapeutic benefi ts of IFN   
are reduced or abolished. 

 The objectives of our task force were to: (i) evaluate 
differences in immunogenicity of IFN   products; (ii) 
evaluate the reliability and give recommendations on 
BABs and NABs assays; (iii) evaluate the impact of NABs 
on clinical effi cacy and give recommendations on the 
clinical use of measurement of IFN   antibodies; and (iv) 
review the evidence on prevention of NAB development 
and the management of patients with NABs.  

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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on IFN   - 1b tend to become positive earlier than those on 
IFN   - 1a. However, the percentage becoming positive 
on IFN   - 1a (Rebif) has been reported to catch up in 
frequency  [10, 11] . It is likely that tolerance may occur 
over the long term during continued IFN   therapy  [12, 
13] . For NAB - positive patients, the probability of revert-
ing to NAB - negative status was signifi cantly higher in 
patients treated with IFN   - 1b than in patients treated 
with IFN   - 1a (Rebif) when followed over 36 – 48 months 
 [13, 14] . Thus it seems that tolerance is an earlier feature 
with the IFN   - 1b formulation than with the IFN   - 1a 
formulation. Antibody titre appears to be predictive, with 
lower NAB titres more likely to revert to a NAB - negative 
state  [12, 14] .  

  Infl uence of  d osage and  r oute 
of  a dministration 
 It is diffi cult to separate the relative infl uence of: (i) dosage 
frequency; (ii) total weekly dosage; and (iii) method of 
administration from the present available evidence. 

 Intramuscular administration (im) of IFN   - 1b once 
weekly at 250     g delayed the appearance and reduced the 
levels of BABs detected by ELISA when compared to the 
standard regime  [15] . However, NABs were present in 
41% of patients treated with repeated im IFN   - 1b and 
38% of those treated by the subcutaneous route  [3, 16] . 
IFN   - 1a (Rebif) 22     g administered subcutaneously (sc) 
once weekly was signifi cantly less immunogenic than 
three times weekly  [10] . However, IFN   - 1a (Rebif) 22     g 
im once or twice weekly was not obviously different to 

human insulin. Understandably, the closer a product is 
to the species ’  natural antigen the less likely it is to 
provoke antibodies. 

  Immunogenicity of  IFN  !   p roducts 
 The three commercially available IFN   products vary 
substantially in their immunogenicity. The fi rst licensed 
product, FN   - 1b, is produced from  Escherichia. coli  and 
it differs from the natural human product by methio-
nine - 1 deletion, cysteine - 17 to serine mutation, and lack 
of glycosylation. There is about a tenfold increase in the 
weight of protein present in a single IFN   - 1b dose com-
pared to the IFN   - 1a versions to reach a suitable specifi c 
activity level. This is likely to lead to increased aggrega-
tion  [2] , which may enhance its antigenicity. IFN   - 1a in 
contrast is identical in primary and secondary structure 
to the native form and is produced in mammalian cells 
 –  a system associated with fewer host cell contaminants. 
The proportion of patients reported to have neutralizing 
antibodies range from 2% to greater than 40% and table 
 5.1  summarizes the data from the initial pivotal relaps-
ing – remitting and secondary progressive placebo con-
trolled trials. The immunogenicity of Avonex after the 
initial studies was profoundly reduced for reasons that 
either are not clear or confi dential, but it is possible that 
the tendency for aggregation was reduced.    

  Dynamics of NABs 
 The majority of patients destined to become NAB - 
positive do so within 6 – 18 months of treatment. Patients 

  Table 5.1    Frequency of  NAB  - positive patients in initial pivotal placebo - controlled trials 

   Study     IFN -  !  product and dosage     Frequency of NAB - positive patients (%)  

  The IFNB Multiple Sclerosis Study Group (1993)    IFN -    - 1b (Betaferon) 250     g b.i.d.    42  
  European Study Group on interferon beta - 1b 

in secondary progressive MS (1998)  
  IFN -    - 1b (Betaferon) 250     g b.i.d.    28  

  Jacobs  et al.  (1996)    IFN -    - 1a (Avonex) 30     g weekly    22  
  PRISMS Study Group (1998)    IFN -    - 1a (Rebif) 22     g thrice weekly    24  
  PRISMS Study Group (1998)    IFN -    - 1a (Rebif) 44     g thrice weekly    13  
  SPECTRIMS Study Group (2001)    IFN -    - 1a (Rebif) 22     g thrice weekly    21  
  SPECTRIMS Study Group (2001)    IFN -    - 1a (Rebif) 44     g thrice weekly    15  
  Clanet  et al.  (2002)    IFN - beta 1a (Avonex) 60     g weekly    3.3  
  The North Amercian Study Group on Interferon 

beta - 1b in Secondary Progressive MS (2004)  
  IFN - beta 1b 250     g b.i.d.    23  

  The North American Study Group on Interferon 
beta - 1b in Secondary Progressive MS (2004)  

  IFN - beta 1b 160     g/m 2  b.i.d.    33  
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binding assay for screening purposes and only BAB - 
positive samples are further analysed by the NAB assay. 
The different assays can be divided into three basic 
methods: ELISA, Western Blotting (WB), and radio -
 immunoprecipitation (RIPA) or affi nity chromatogra-
phy (ACA) assays (table  5.2 ).   

   ELISA   m ethods 
 The ELISA methods most commonly used are direct 
binding (i.e. direct coating of test wells with IFN  ) assays 
or capture (i.e. coating of test wells with a capture anti -
 IFN   antibody) assays. ELISA titres generally correlated 
only weakly with NAB titres, but BAB - negative samples 
measured by ELISA reliably predict NAB - negativity. 
Only one study compared different BAB assays and dem-
onstrated that cELISA is superior to dELISA with respect 
to specifi city for NABs and the correlation between the 
BAB and NAB titre.  

  Western  b lot 
 This method gave similar results to the ELISA and had a 
low false - negative rate when screening for NAB positiv-
ity. BAB titres cannot be calculated using WB.  

  Affi nity  c hromatography and 
 r adio -  i mmunoprecipitation  a ssay 
 The advantage of affi nity chromatography assay (ACA) 
and radio - immunoprecipitation assay (RIPA) is that the 
antigen is in solution and, therefore, no epitopes are 
obscured by binding to a solid phase. Radioactive iso-
topes usage limits the use of these assays. Affi nity chro-
matography was very sensitive, with up to 97% of treated 
patients being BAB - positive depending on the IFN   
preparation and time on treatment. In the RIPA, no 
NAB - positive sample was negative and there was a mod-
erate correlation with the NAB titre. RIPA state corre-
lated better with MRI lesion burden change than NAB 
titres (table  5.2 ).  

  Conclusion and  r ecommendations 
 There are no existing recommendations on BAB assays. 
There is Class 1 evidence that IFN   BAB assays have a 
very high sensitivity and specifi city, and can be used reli-
ably for IFN   antibody screening before performing a 
NAB assay (Level A recommendation). Different BAB 
assays should be evaluated and compared using a large 
number of serum samples to identify the method with 

conventional treatment  [15, 17] . No effect on antibody 
frequency was seen with two different doses of IFN   - 1b 
(1.6 and 8   MIU). An increase in NAB frequency was seen 
with an increased dose of Avonex  [8] . However, the 
higher dose of IFN   - 1a (Rebif 44     g) was associated with 
a lower proportion of patients developing NABs than the 
lower dose (22     g) in the pivotal relapsing – remitting and 
secondary progressive studies (see table  5.1 ). The pres-
ence of a drug in the serum tested could reduce the sen-
sitivity of the assay leading to an apparent but false 
reduction in antibody positive rates  [10, 18] . Oddly, this 
Rebif dose effect was not noted in those 2 - year placebo 
patients who were subsequently randomized to either 
IFN   - 1a (Rebif) 22 or 44     g, or in the EVIDENCE study 
where IFN   - 1a (Rebif) 44     g three times weekly was 
associated with a high rate of NAB - positive patients 
(  20%)  [19] . Thus doubt exists as to whether Rebif 44     g 
really does stimulate less antibody production than 22     g 
three times weekly.  

  Evidence  r egarding  i mmmunogenicity 
 Overall, the immunogenicity of the recombinant IFN   
appears to be most infl uenced by the formulation itself, 
although increasing the frequency of injections also 
appears to be important. The infl uence of the intramus-
cular versus the subcutaneous route appears minimal. The 
effect of different doses is less clear. There is general agree-
ment that the IFN   - 1a (Avonex) is the least immuno-
genic. There is Class I evidence that the majority of 
patients with two consecutive NAB - positive tests remain 
NAB - positive for more than 2 years, although a substan-
tial number of patients who become NAB - positive may 
revert to NAB - negative status during continuous IFN   - 1b 
therapy.   

  Measurements of  b inding and 
 n eutralizing  a ntibodies 

  Binding  a ntibodies 
 A Pub - Med search using  ‘ binding antibodies assay inter-
feron beta ’  found that 21 of the 55 articles were relevant 
for detection of BABs with IFN   treatment. 

 Although BABs against IFN   are induced in a majority 
of such treated patients, only a subset develop NABs 
causing loss of bioactivity. As the method of NAB detec-
tion is cumbersome, many laboratories use a simpler 
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the best sensitivity and specifi city for NAB detection 
(Level B recommendation).   

  Neutralizing  a ntibodies 
 PubMed was searched using the terms  ‘ neutralizing anti-
bodies interferon beta assay ’ . Thirty - four of 54 articles 
covered methods of NAB detection and were included. 
About 50% of patients who develop BABs also develop 
NABs. There is no standardized assay for NAB detection 
and, although the principle of NAB measurement is 
more or less unique, the materials used vary immensely 
between different laboratories. 

  Test  s ystems 
 Almost all reported NAB assays used cultured cell lines 
responsive to IFN  . Test samples are incubated with 
IFN   prior to addition of the cells. If the test samples 

contain NABs, receptor activation is blocked and antivi-
ral proteins will not be induced. 

 In most cases, one of two different methods are used: 
either to measure the antiviral effect of IFN   by challeng-
ing the cells with viruses, i.e. the CPE, or to measure 
IFN   - induced gene products, namely the MxA protein 
(a specifi c marker of Class 1 IFNs), i.e. the MxA induc-
tion assay. The assays vary with respect to several 
variables including the cell line, the virus, the IFN   
preparations and dosage, the incubation times, and the 
methods of MxA detection (table  5.3 ).   

 A few alternative methods have been reported. Mea-
surement of IFN   bioactivity showed that NAB - positive 
patients had signifi cantly lower levels of in vivo IFN   -
 inducible genes at the mRNA and protein level. Although 
the different markers were not compared to each other 
directly, MxA mRNA appears to be the most sensitive 

  Table 5.2    Methods used for BAB detection: the ELISA method, the Western Blot (WB) method, and the radio - immunoprecipitation 
(RIPA) or affi nity chromatography (ACA) assays. 

   Method     Type *  and concentration of IFN     Validation/cut - off     Reference  

  dELISA    IFN   - 1a or 1b/0.2     g    Mean        3x SD of normal     [20]   
  ELISA    IFN   - 1b/concentration not given    NAB (MxA induction)     [21]   
  dELISA, cELISA    IFN   - 1a and 1b/1.5     g/ml    NAB assay     [22]   
  dELISA    IFN   - 1a/1b/human IFN      Mean        3x SD of normal     [23]   
  dELISA    IFN   - 1b/1000   IU per ml    NAB assay     [24]   
  dELISA    IFN  /1     g/ml    2x background of uncoated wells     [25]   
  dELISA    IFN   - 1a/1     g/ml 

 IFN  /1.2     g/ml  
  Mean        3x SD of baseline sera     [26]   

  dELISA    IFN   - 1a/1     g/ml    3x OD of background     [27]   
  dELISA    IFN   - 1a and 1b/1     g/ml    Arbitrary (OD        0.5)     [28]   
  Affi nity chromatography    Radio - labelled IFN   - 1a/3000   cpm    Mean        3x SD of controls     [10]   
  cELISA    IFN   - 1a and 1b/10 4    U/ml    Standard curve  †       [29]   
  dELISA    IFN   - 1a and 1b/1 – 312ng per well    Mean        2x SD of controls     [30]   
  WB, dELISA    IFN   - 1b/5000   IU/well (ELISA) 

 IFN   - 1b/2.5     g per gel  
  NAB assay/detection limit of WB     [31]   

  dELISA    IFN   - 1b/2     g/ml    Control placebo samples/39 binding units     [32]   
  dELISA    IFN   - 1a and 1b/1000   IU per ml    Mean of control        2x SD     [33]   
  dELISA    IFN   - 1b/1     g/ml    Mean of control        3x SD     [34]   
  RIPA    Radio - labelled IFN   - 1a and 1b/10     g    NAB assay/mean of control        3x SD     [35]   

   [36]   

   dELISA: direct enzyme - linked immunosorbent assay; cELISA: capture ELISA; WB: western blot; RIPA: radio - immunoprecipitation assay. 
  *  This column refers to the antigen used in the assay. IFN   - 1a is a recombinant human glycosylated IFN   preparation whereas IFN   - 1b is 
not glycosylated.   †  For the standard curve an internal positive control was used which in turn was compared to a WHO reference 
antibody (G038 - 501 - 572).   
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  Table 5.3    Overview of assays for NAB detection showing cell lines, viruses, IFN   preparations and doses, incubation times, and methods 
of MxA detection. 

   Type of assay 
(read - out)  

   Cells/Virus     IFN   type/
concentration  

   Titre calculation/Cut - off 
for NAB positivity  

   Validation/QC     Reference  

  MxA protein    Human whole blood    Betaferon/1000   IU/ml    MxA increase        22.5   ng/ml    NAB assay  [32]  
 Standard curve with 

rMxA  

   [37]   

  MxA RNA    Human PBMC    Avonex, Betaferon, 
Rebif, therapeutic 
dose  

  MxA RNA        132   fg/
pgGAPDH  

  CPE assay  [39]      [38]   

  MxA protein 
(Meditest)  

  Human lung carcinoma 
cells (A549)  

  Betaferon 10   IU      20 neutralizing units    CPE assay  [32]      [40]   

  CPE    A549/EMCV    rIFN  1a and 1b/10   LU    Kawade titre        80    Internal positive and 
negative controls  

   [26]   

  CPE/MxA 
protein by 
FACS  

  WISH/VSV PBMC    IFN   - 1a/10 
experimental units  

  Titre        20 for bioassay MxA 
protein        2        
mean of baseline  

  Not stated     [27]   

  CPE    A549/EMCV    IFN type?/3,10,100   LU    % reduction of IFN activity         [10]   
  CPE    A549/EMCV    Avonex, Betaferon, 

Rebif/10   IU/ml  
  Kawade titre        20    Internal positive and 

negative controls  
   [39]   

  CPE    A549/EMCV    IFN   - 1a    Kawade/50% CPE         [41]   
  CPE    WISH/VSV    IFN   - 1b/100   IU/ml    Kawade titre        20    Reference ab 

G038 - 501 - 572  
   [29]   

  CPE    Sindbis virus    IFN   - 1a and 1b/20   U/ml    Kawade/10   LU    Not stated     [30]   
  CPE    FL - cells/Sindbis virus    IFN  ?/10   U/ml    6        serum dilution of EC50    Not stated     [42]   
  MxA protein    A549    IFN   - 1b (Betaser) 10   LU    Kawade        20    CPE assay using 

EMCV  
   [32]   

  CPE    Human fi broblasts/VSV    IFN  1 - a and 
1 - b/100   U/ml  

  50% of CPE    Not stated     [33]   

  CPE    A549/EMCV    IFN   - 1a/10   IU    Kawade, different cut - off 
values compared to 
neopterin as bioactivity 
marker  

  Internal positive and 
negative controls  

   [43]   

  CPE    WISH/VSV    IFN   - 1a/10   EU/ml    Kawade/titre        4    Controlled for cell 
survival  

   [44]   

  CPE    FS - 4 fi broblasts/EMCV    Fiblaferon (natural 
IFN  ) and IFN   - 1a  

  NU as difference between 
original and remaining 
IFN   activity  

  Not stated     [45]   

  Cell proliferation    Melanoma cells        Relative reduction of 
proliferation  

        

  Cell proliferation    Daudi cells    IFN   10   IU    50% inhibition of 
proliferation  

  CPE     [46]   

  CPE    FS - 4 fi broblasts/EMCV    Fiblaferon (natural 
IFN  )/100   U/ml  

  Neutralizing unit        one unit 
of neutralized IFN    

  Not stated     [47]   

  CPE    A549/EMCV    Betaser    Kawade         [48]   
  CPE    Human fi broblasts    Betaser    Serum dilution that reduces 

activity of 3 to 1   LU/ml/
Once        100   NU/ml or 3 
consecutive times        20   NU  

  Reference antibody 
no G023 - 902 - 527  

    

   CPE: cytopathic effect; FACS: fl uorescence activated cell sorter; LU: laboratory unit; NU: neutralizing unit; PBMC: peripheral blood 
mononuclear cells; EMCV: encephalomyocarditis virus; VSV: vesicular stomatitis virus.   
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tion used in the assay) are associated with a loss of IFN   
bioactivity (Class I evidence). As the EMEA currently 
validates a NAB assay based on the MxA production of 
A549 cells (MxA induction assay), it is recommended to 
use the EMEA protocol. (This recommendation is based 
on Class IV evidence only, but consensus was reached to 
offer this advice as good practice.) Validation of simpler 
NAB assay methods is strongly recommended, such 
as the vivo biological response to IFN   administration 
(Level A recommendation).   

  Clinical  u se of  m easurements of 
 a ntibodies  a gainst  IFN  !  
 PubMed was searched for  ‘ IFN   antibodies and multiple 
sclerosis ’ . Of the 236 articles searched, 103 were original 
articles or review articles on antibodies against IFN   or 
controlled clinical trials of IFN   in which measurements 
of antibodies were performed. For assessment of the 
impact of NABs we selected controlled randomized trials 
of IFN   in MS with blindly analysed NABs and con-
trolled non - randomized studies with blind evaluation of 
NABs of at least 3 years ’  duration (table  5.4 ). NABs 
usually appear as low affi nity antibodies in small concen-
trations and later as higher affi nity antibodies in larger 
concentrations. Therefore, whereas the effect on anti-
bodies on the biologic response to IFN   may be apparent 
after 9 – 12 months, the clinical consequences of neutral-
izing antibodies are usually not seen until 12 – 18 moths 
after start of IFN   therapy. Hence, only trials of suffi cient 
duration (  3 years) and blind evaluation of NAB status 
were graded as Class I evidence for effects of NABs. Trials 
of less suffi cient duration (2 – 3 years) and blind evalua-
tion of NAB status were graded as Class II evidence, and 
trials of inappropriate duration (  2 years) and/or no 
blind evaluation of NAB status were classifi ed as Class III 
evidence regarding clinical effects of NABs.   

 It has been common to classify patients as NAB - 
positive after two consecutive serum samples containing 
NABs in a titre of 20 or more ( ‘ once positive, always 
positive ’ )  [3, 16] . The use of this approach will invari-
ably result in an underestimation of the clinical conse-
quences of NABs in studies of 2 years or shorter. 
Therefore, methods that account for switches between 
NAB - positive and NAB - negative periods ( ‘ interval posi-
tive ’ ) theoretically provide a more accurate assessment 
of the clinical impact of NABs on relapse rate and MRI 
activity  [51] .  

and specifi c marker of NABs. Low MxA levels indicated 
the presence of NABs.  

  Validation 
 The MxA induction assay is one of the most thoroughly 
validated NAB assays and has been used by several 
authors. It was validated using a CPE assay as gold - 
standard and two different IFN   preparations for cell 
stimulation were compared. Most laboratories use inter-
nal standards for quality controls. One of these standards 
is the reference IFN   antibody (NIH code GO38 - 501 
572), which has a defi ned neutralizing titre of 1 :1700 
against ten Laboratory Units (LU) of human IFN  . In 
CPE assays cell viability and viral CPE controls are widely 
used.  

  Existing  r ecommendations 
 The WHO expert committee on biological standardiza-
tion published informal recommendations on measure-
ment of antibodies to interferon in the technical report 
series No. 725 in 1985. The reference assay in this inter-
national study group used A549 cells and the encephalo-
myocarditis (EMC) virus but recommended development 
of simpler assays. For NAB assays the expert committee 
recommended that the following details should be 
reported: (1) fi nal concentration of interferon and serum 
in the reaction mixture; (2) fi nal volume in the reaction 
mixture; (3) the lowest fi nal dilution of serum tested. For 
the calculation of the neutralizing titre the Kawade 
method was recommended. This method calculates the 
serum dilution that reduces the IFN potency from 10   LU/
ml to 1   LU/ml  [52] .  

  Conclusion and  r ecommendations 
 Measurements of binding and neutralizing antibodies 
against IFN   should be performed in specialized labora-
tories (Level A recommendation). Measurement of NABs 
with a validated CPE assay is still the gold standard. It is 
recommended that A549 cells are used with a fi xed 
amount of IFN   (the preparation used by the patient) for 
stimulation and serial dilution of the test sera. The stimu-
lated cells can either be challenged with EMC viruses or 
MxA production determined. Standard curves should be 
obtained using increasing amounts of IFN   until satura-
tion is reached. The NAB titre should be calculated using 
the Kawade formula (Level A recommendation). 

 Titres above 20 – 60 (depending on the IFN   prepara-
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  Table 5.4    Effect of NABs to IFN   on clinical and MRI outcomes in MS therapeutic trials   †   . 

   Study     IFN !  
product  

   No. of 
patients  

   Duration     Relapse 
rate   ‡     

   MRI 
Activity   ‡     

   Disease 
progression   ‡     

   MRI 
Severity   ‡     

   Class 
(primary 
end - point)  

   Class 
(NAB 
evaluation)   §     

  IFNB MS Study 
Group  [16]   

  Betaferon        3 years      ([)      (ns)      (ns)      (ns)    I    I  

  Rudick  et al.   [43]     Avonex        2 years      (ns)      (ns)      (ns)    ND    I    II  
  PRISMS - 4  [49]     Rebif        4 years      ([[)      ([[[)            I    I  
  SPECTRIMS  [7]     Rebif        3 years      (ns)    ND      (ns)    ND    I    I  
  Durelli  et al.   [50]     Betaferon/

Avonex  
      2 years      (ns)    ND    ND    ND    III    II  

  Panitch  et al.   [19]     Rebif/Avonex        48 weeks      (ns)      ([[[)    ND    ND    I    III  
  Polman  et al.  

 [40]   
  Betaferon        3 years      ([[)    ND      (ns)      ([[)    I    I  

  Sorensen 
 et al.   [51]   

  Betaferon/
Avonex/
Rebif  

      5 years      ([[)    ND      (ns)      (ns)    III    I  

    † See text for selection of trials and for defi nition of the different clinical and MRI outcomes.  
   ‡           outcome worse in the NAB - positive group than in the NAB - negative group.  
            outcome better in the NAB - positive group than in the NAB - negative group.  
  ND        not done.  
  Statistical signifi cance is given in parentheses (ns        not signifi cant; [         p         0.05; [[         p         0.01; [[[         p         0.001).  
    §  I        trials of suffi cient duration (  3 years) and blind evaluation of NAB status.  
  II        trials of less suffi cient duration (2 – 3 years) and blind evaluation of NAB status.  
  III        trials of inappropriate duration (  2 years) and/or no blind evaluation of NAB status.   

  Effect of NABs on  r elapses 
 In the pivotal phase III trial of IFN   - 1b, NAB - positive 
patients had signifi cantly higher annual relapse rates 
during years 2 and 3 (1.08) than NAB - negative patients 
(0.56) (  p         0.01) and equivalent to patients given placebo 
(1.06)  [3] . In the pivotal phase III IFN   - 1a (Rebif) trial, 
no signifi cant difference in relapse rate was seen over the 
study duration of 2 years between NAB - positive and 
NAB - negative patients  [6] . But in the 2 - year extension 
phase, NABs caused a clear reduction in effi cacy on 
relapses  [49] . 

 There was no correlation observed between NAB 
status and relapse rate in patients treated for 2 years in 
the pivotal phase III trial of IFN   - 1a (Avonex)  [43] . 

 In the secondary progressive Betaferon study  [40]  the 
 ‘ once positive, always positive ’  method showed that 
NAB - positive patients had a 45% increase in relapse rates 
( p         0.009) when they switched to being NAB - positive 
compared to their prior NAB - negative state. However, 

relapse rates in NAB - positive patients showed only a 
trend ( p         0.07) to increase when the  ‘ all switches con-
sidered ’  method was applied. Higher titres seemed to 
reduce the treatment effect more. In the secondary 
progressive IFN   - 1a (Rebif) study the relapse effect 
was reduced in NAB - positive patients (44     g) such that 
the difference between NAB - positive and placebo 
patients was no longer statistically signifi cant  [7] . The 
INCOMIN - study (an open randomized study comparing 
IFN   - 1b (Betaferon) with IFN   - 1a (Avonex) reported 
that the frequency of NABs in patients with relapses was 
a little higher than in patients without relapses  [50] . The 
EVIDENCE study (open randomized comparison of 
IFN   - 1a (Rebif) with IFN   - 1a (Avonex)) continued for 
48 weeks only making this study inadequate for assessing 
the clinical impact of NABs  [19] . 

 In a Danish nationwide prospective study, NABs 
were measured blinded for up to 60 months in 541 ran-
domly selected patients  [51] . The presence of NABs had 
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(Betaferon) in secondary progressive patients found a 
signifi cant difference between NAB - positive and NAB -
 negative patients  [54] .  

  Safety  i ssues 
 The presence of NABs has not been reported to be associ-
ated with adverse events or toxicity. 

  Conclusions and  r ecommendations  r egarding 
the  c linical  u se of  NAB   m easurements 
 It is recommended that patients treated with IFN   are 
tested for the presence of NABs during the fi rst 24 
months of therapy (Level A recommendation). Measure-
ment of NABs can be discontinued in those patients 
remaining NAB - negative during this period but should 
be resumed if disease activity increases (Level B recom-
mendation). There is Class I evidence that the presence 
of NABs signifi cantly hampers the effect of IFN   on the 
relapse rate and on both active lesions and burden of 
disease seen on MRI. In patients with NABs, NAB mea-
surements should be repeated at intervals of 3 – 6 months 
and therapeutic options should be re - evaluated (Level A 
recommendation). Therapy with IFN   should be discon-
tinued in patients with high titres of NABs (e.g. titres 
  100 in patients using IFN   - 1b) and sustained at repeated 
measurements with 3 – 6 months intervals (Level A 
recommendation).    

  Prevention and  t reatment of NABs 

  Steroids 
 Short pulses of steroids have been demonstrated to be 
safe, well tolerated and clinically effective for patients 
with MS. A clinical trial randomly assigned 161 patients 
to receive IFN   - 1b, either alone or in combination 
with 1   g of methylprednisolone (MP) administered 
monthly intravenously (i.v.)  [55] . Using an MxA assay 
it was found that there was a signifi cant reduction in 
NAB development in patients treated with MP, when 
defi ned as titres   1:20 on one occasion but not when 
defi ned as twice consecutively positive. There was no dif-
ference in the frequency of patients that developed 
NABs at high titres (  1:100). The development of NAB -
 positivity was signifi cantly delayed in the MP group 
(Kaplan Meyer analysis, log - Rank test;  p     0.05 by 
month 6 of therapy). These results suggest that the 

a signifi cant effect on relapse rates. In NAB - positive 
periods the annual relapse rate increased more than 
50% compared with NAB - negative periods. Comparing 
NAB - positive to NAB - negative patients the median time 
to fi rst relapse was signifi cantly reduced by 244 days 
( p         0.009), and the proportion of relapse - free patients 
was signifi cantly lower ( p         0.0064).  

  Effect on  MRI   o utcomes 
 The pivotal study of IFN   - 1b (Betaferon) showed signifi -
cantly more enlarging lesions in NAB - positive patients 
compared with NAB - negative patients during years 2 
( p         0.03) and 3 ( p         0.01)  [3, 16] . In the PRISMS study 
there was a trend over the fi rst 2 years towards more MRI 
activity in NAB - positive patients  [6] . Over 4 years  [49] , 
compared with NAB - negative patients, NAB - positive 
patients had a nearly fi vefold increase in the median 
number of T2 active lesions ( p         0.001), and a 17.6% 
increase compared to an 8.5% decrease in MRI burden 
of disease ( p         0.001). In the pivotal study of IFN   - 1a 
(Avonex) a trend was seen towards more gadolinium -
 enhanced lesions in NAB - positive patients ( p         0.062) 
 [43] . Secondary progressive patients on IFN   - 1b 
(Betaferon) showed a higher percentage increase from 
baseline in T2 lesion volume in NAB - positive patients 
compared with NAB - negative patients ( p         0.004)  [40] . 
Despite the short duration of the EVIDENCE study it was 
apparent that NAB - positive patients had more T2 active 
lesions than NAB - negative patients ( p         0.0004)  [19] .  

  Effect of NABs on  d isease  p rogression 
 None of the randomized studies was powered to detect a 
NAB effect on disease progression. In the pivotal IFN   -
 1b study (Betaferon), however, a strong trend was seen 
towards an effect of NABs on the mean change in EDSS 
from baseline in the third year  * ( p         0.083)  [3, 16] . NAB -
 positive patients on high dose Rebif showed a near sig-
nifi cant  * ( p         0.051) increase in the mean number of 
EDSS progressions compared with NAB - negative patients 
in the 4 - year PRISMS trial (Rice GPA, personal com-
munication, poster presentation ECTRIMS 2000). The 
Danish study also showed a strong trend towards a higher 
mean EDSS in NAB - positive patients compared with 
NAB - negative patients at month 42 and 48, and towards 
shorter time to disease progression in NAB - positive 
patients ( p         0.10)  [51] . Neither the SPECTRIMS study 
(IFN   - 1a (Rebif)  [53] , nor the study of IFN   - 1b 
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and able to minimize the formation of NABs over time 
(Level C recommendation). However, no effect has been 
observed in reducing the amplitude of NABs titres once 
NABs have been formed. Further studies are warranted 
to strengthen these results and to expand our knowledge 
in such an intriguing matter.  

  Principal  r ecommendations 
 r egarding  m easurements of 
 a ntibodies  a gainst  IFN  !  and the 
 c linical  u se of  NAB   m easurements 
     •      BAB assays can be reliably used for IFN   antibody 
screening before performing a NAB assay (Level A 
recommendation).  
   •      Measurements of binding and neutralizing antibodies 
against IFN   should be performed in specialized labora-
tories (Level A recommendation).  
   •      Measurement of NABs should be performed with a 
validated CPE assay or an MxA production assay using 
serial dilution of the test sera. The NAB titre should 
be calculated using the Kawade formula (Level A 
recommendation).  
   •      Tests for the presence of NABs should be performed 
during the fi rst 24 months of therapy (Level A 
recommendation).  
   •      Measurements of NABs can be discontinued in those 
patients remaining NAB - negative during this period but 
should be resumed if disease activity increases (Level B 
recommendation).  
   •      In patient with NABs, measurements should be 
repeated after 3 – 6 months (Level A recommendation).  
   •      Therapy with IFN   should be discontinued in patients 
with high titres of NABs and sustained at repeated 
measurements with 3 -  to 6 - month intervals (Level A 
recommendation).     
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chronic administration of steroids prevents or delays the 
formation of NABs, but does not reduce the titre in 
NAB - positive patients.  

  Other  i mmunosuppressive  a gents 
 A number of clinical trials have been performed with 
either RR - MS or SP - MS patients to evaluate the use of 
IFN   in association with an immunosuppressive agent 
 [56 – 58] . However, the NAB data originating from these 
small studies are inconsistent and do not allow any defi n-
itive conclusion as to whether additional immunosup-
pression reduces NAB formation.  

  Switching  IFN  !   p reparations or 
 i ncreasing the  d ose of  IFN  !  
 One of the possible strategies to overcome the formation 
of NABs in MS could be the switching from one prepara-
tion of IFN   to another, but unfortunately many studies 
have shown that NABs are cross - reactive between IFN   -
 1a and IFN   - 1b  [29, 33, 39] . Thus, switching to an alter-
native IFN   preparation is not of clinical benefi t for a 
NAB - positive MS patient. 

 It is well known that the amount of antigen to which 
an individual is exposed infl uences the magnitude of the 
immune response and that very large doses or repeated 
administrations of small amounts of antigen are often 
inhibitory in the production of antibodies  [59] . However, 
at present, there is no evidence that increasing the dosage 
of IFN   is of benefi t to NAB - positive patients.  

  Other  s trategies 
 Plasmapheresis and immunoglobulins (IgG) might be 
considered as possible procedures to diminish NAB gen-
eration. At present, the effects of the IgG on blocking 
antibody production are widely accepted in patients with 
autoimmune diseases. However, IgG and plasmapheresis 
do not affect memory plasma cells  [60] . Therefore, the 
concomitant administration of IgG or plasmapheresis 
may be useful in eliminating circulating NABs, but it 
would not be expected to impede the production of 
NABs once it has been triggered.  

  Conclusions and  f uture  c onsiderations 
on  p revention of NABs  f ormation 
 Limited evidence is available on managements that 
reduce NAB formation to IFN   in MS. One gram i.v. MP 
administration every month has been revealed to be safe 
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made to produce standard protocols, exchange samples, 
and run workshops in both these latter areas, as mani-
fested by the INCAT (Immune Neuropathy Cause and 
Treatment) group  [39]  and the Paraneoplastic Neuro-
logical Syndrome Euronetwork  [5] . Such studies have 
principally involved researchers and laboratories with a 
specialized interest in these fi elds rather than clinical 
laboratories performing routine screening.   

 The anti - neuronal antibodies associated with para-
neoplastic syndromes, anti - Hu anti - Yo, and anti - Ri 
(ANNA - 1, PCA - 1, ANNA - 2 respectively), were initially 
demonstrated by immunohistochemistry of brain sec-
tions and more recently by blotting of recombinant 
proteins, as listed in table  6.1 . The clinical utility of these 
investigations is considerable, and the importance of 
accurate identifi cation paramount to clinical decision 
making. In addition, this spectrum of autoantibodies 
is the subject of important research developments. This 
has been recently discussed in a detailed workshop 
report  [40] . 

 The determination of anti - ganglioside and glycolipid 
antibodies has increasingly entered clinical practice over 
recent years  [8] . Anti - glycolipid antibodies are associated 
with acute and chronic peripheral neuropathies and may 
be useful in diagnosis of clinical subtypes of neuropathy. 
They are widely measured by enzyme - linked immuno-
sorbent assay (ELISA), dot blot, and thin layer chroma-
tography overlay  [39, 41, 42] . 

 Both anti - neuronal and anti - glycolipid antibody assays 
are being conducted in laboratories throughout Europe. 
Until recently, this has been without any externally or 
independently monitored quality assurance, although 
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   Objective 

 To evaluate service provision and quality assurance 
schemes for clinically useful autoantibody tests in 
neurology.  

  Background 

 Over the past 20 years there has been a steady increase in 
the use of anti - nerve antibody assays to aid diagnosis or 
research into neurological diseases thought to have an 
antibody - associated or antibody - mediated autoimmune 
basis  [1 – 9] . The range of antigens tested and their associ-
ated diseases includes nerve and neuromuscular junction 
disorders, and paraneoplastic disorders affecting the 
central nervous system, as listed and referenced in table 
 6.1 . With respect to the use of the anti - acetylcholine 
receptor (anti - AChR) antibody assay to aid in the diag-
nosis in myasthenia gravis, the radioimmunoassay in 
standard use  [29]  has been thoroughly validated for 
many years. Both non - commercial and commercial 
quality assurance schemes for laboratories to participate 
in are available. However, the procedures in place for 
quality assurance in the identifi cation of antibodies that 
mark paraneoplastic syndromes and for anti - ganglioside 
antibodies are less well developed. Efforts have been 
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  Table 6.1    Antigens tested and their associated diseases 

   Antibody specifi city     Associated neurological disorders     Detection method     References  

  Anti - Hu (ANNA - 1)    Subacute sensory neuronopathy, 
limbic encephalitis, brain stem 
encephalitis, paraneoplastic 
encephalomyelitis, chronic 
pseudoobstruction  

  IMH/IMF, confi rmed by WB on 
recombinant protein or 
neuronal extracts  

   10, 11   

  Anti - Yo (PCA - 1)    Paraneoplastic cerebellar 
degeneration  

  IMH/IMF, confi rmed by WB as 
above  

   12, 13   

  Anti - Ri (ANNA - 2)    Myoclonus/opsoclonus    IMH/IMF, confi rmed by WB as 
above  

   14   

  Anti - Tr    Paraneoplastic cerebellar 
degeneration  

  IMH/IMF (requires fi xed tissue),     15   

  Anti - amphiphysin    Stiff person syndrome, 
encephalomyelitis, subacute 
sensory neuronopathy  

  IMH/IMF (requires fi xed tissue), 
confi rmed by WB as above  

   16, 17   

  Anti - CV2/CRMP5    Cerebellar degeneration, 
encephalomyelitis, limbic 
encephalitis  

  IMH/IMF (requires fi xed tissue), 
confi rmed by WB as above  

   18   

  Anti - VGKC    Acquired neuromyotonia, limbic 
encephalitis (usually not 
paraneoplastic)  

  RIA     19   

  Anti - VGCC    Lambert - Eaton myasthenic 
syndrome, paraneoplastic 
cerebellar degeneration  

  RIA     20, 21   

  Anti - Aquaporin 4    Neuromyelitis optica    IMH/IMF. IMF on unpermeabilized 
cells transfected with the 
antigen is most sensitive  

   22, 23   

  Anti - NMDAR    NMDAR - antibody encephalopathy    IMF on unpermeabilized cells 
transfected with the antigen is 
most sensitive  

   24   

  Anti - ganglionic AChR    Autonomic neuropathy    RIA     25   
  Anti - (TA) Ma2    Limbic encephalitis    IMH/IMF, confi rmed by WB as 

above  
   26, 27   

  Anti - AChR, MuSK    Myasthenia gravis    RIA     28, 29   
  Anti - GM1, GD1b (IgM) 
 Anti - GM2 (IgM)  

  Multifocal motor neuropathy, 
chronic motor neuropathy  

  ELISA, TLC     9, 30, 31   

  Anti - GM1a, GM1b GD1a, 
GalNAcGD1a, (IgG)  

  Acute motor axonal neuropathy    ELISA, TLC     8, 32   

  Anti - GQ1b, GT1a    Miller Fisher syndrome    ELISA, TLC     8, 33   
  Anti - GD3, GD1b    Acute ataxic neuropathies    ELISA, TLC     34   
  Anti - GD1b and other disialylated 

gangliosides (IgM)  
  Paraproteinemic neuropathies, 

CANOMAD  
  ELISA, TLC     35, 36   

  Anti - MAG/SGPG (IgM)    IgM paraproteinaemic neuropathy    WB of CNS myelin, ELISA     37   
  Anti - GAD    Stiff person syndrome/cerebellar 

ataxia  
  IMH/IMF (requires fi xed tissue), 

confi rmed by WB, RIA  
   17, 38   

   IMH/IMF, immunohistochemistry/immunofl uorescence; WB, Western blot; RIA, radioimmunoassay; TLC, thin layer chromatography 
overlay; ELISA, enzyme - linked immunosorbent assay; MAG, myelin associated glycoprotein; SGPG, sulphated glucuronyl paragloboside; 
CANOMAD, chronic ataxic neuropathy, ophthalmoplegia, M protein, cold agglutinins, anti - disialosyl antibodies; VGCC, voltage - gated 
calcium channels; VGKC, voltage - gated potassium channel; Ach - R, acetylcholine receptor; MuSK, muscle specifi c kinase; GAD, glutamic 
acid decarboxylase; NMDAR, N - methyl - D - aspartate receptor.   
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most groups used these tests and all groups had concor-
dant results. 

 Antibodies to glutamic acid decarboxylase (GAD), 
found in autoimmune stiff person syndrome  [17] , were 
conducted in fi ve of 12 neuroimmunology laboratories 
in responding countries and estimated using a variety of 
methods including immunohistology, ELISA, radioim-
munoassay, and Western blot. At present it is diffi cult to 
compare values between different laboratories despite 
the use of international units in some cases. Because these 
assays are designed principally for use in investigation of 
diabetes, and because titres are much higher in stiff 
person syndrome and some cases of cerebellar ataxia 
than in diabetes, it will be important to ensure that labo-
ratories performing this test for neurological disorders 
use techniques designed to measure high titres. 

 Antibody assays to voltage - gated calcium channels 
(VGCC) and potassium channels (VGKC) were rarely 
conducted, being available in three and one surveyed 
centres respectively. A commercial kit for the VGCC test 
is now available (RSR Ltd, Cardiff, UK) and results from 
different laboratories should be comparable. 

 Antibody assays for Hu (ANNA - 1) and Yo (APCA - 1) 
were widely available and frequently conducted in many 
centres in most countries (nine of 12), using a combina-
tion of immunhistochemistry and Western blot analysis. 
Anti - Ri (ANNA - 2),  - Tr, and  - amphiphysin antibodies 
were sought less frequently. The less frequent paraneo-
plastic antibodies, anti - Ma2/anti - Ta, anti - CV2/CRMP5, 
can also be detected by immunohistochemistry, but in 
many cases fi xed rather than fresh frozen tissue is 
required, and not all laboratories do this routinely. There 
is a need to distribute positive sera to help in the recog-
nition of these antibodies. There is increasing use of 
comprehensive commercial immunoblots such as those 
marketed by Ravo - Diagnostika (Freiburg, Germany) and 
Euroimmun (Lubeck, Germany) that detect antibodies 
to a broad panel of recombinant antigens including Hu, 
Yo, Ri, Ma1, Ma2/Ta, CV2/CRMP5, and amphiphysin. 

 Anti - myelin - associated glycoprotein (MAG) antibod-
ies were determined in laboratories in at least one centre 
in seven of 12 countries, using a commercial kit that has 
good standardization (Buhlmann Laboratories, Basel, 
Switzerland), or using Western blot of myelin  [43] . Mea-
surement of anti - ganglioside antibodies was also widely 
available in many centres and included a wide range of 
gangliosides and glycolipids (e.g. GM1, GM2, GA1, 

such schemes are now becoming available. To investigate 
the scale of this issue and to identify the perceived needs 
of neuroimmunology laboratories in assay availability 
and quality, we conducted a questionnaire - based survey 
of European neuroimmunology centres and here report 
and discuss the fi ndings.  

  Methods 

 Under the auspices of the EFNS Scientifi c Panel on 
Neuroimmunology, an anti - nerve antibody task force was 
established to conduct the review. Eighteen national rep-
resentatives were invited to participate in a questionnaire -
 based survey. The questionnaire requested information 
on: (a) the availability of tests both within the individual ’ s 
institution and nationally; (b) an approximation of the 
number of tests conducted annually; (c) the methodology 
used; (d) the availability of quality assurance schemes; 
(e) the availability of positive and negative control sera; 
(f) the interest in setting up and participating in a pan -
 European quality assurance scheme.  

  Results 

 The questionnaire was distributed in 1999 to 18 national 
members of the EFNS Scientifi c Panel on Neuroimmu-
nology, of which 12 responded. The range of assays 
being conducted is summarized in table  6.1 , as are the 
associated neurological disorders and key references. 
In addition, novel assays routinely available in 2010, e.g. 
anti - aquaporin 4 antibody screening to aid in the diag-
nosis of neuromyelitis optica  [22, 23]  and NMDAR 
antibodies for the diagnosis of a newly described enceph-
alopathy  [24]  are also included in the updated table. 

 Antibody assays for anti - AChR antibodies are widely 
available, being conducted in at least one centre in most 
of the countries that responded (10 out of 12). Quality 
assurance schemes were used either nationally or inter-
nationally and the exclusive method used was the stan-
dard radioimmunoassay, using iodinated bungarotoxin 
bound to acetylcholine receptors extracted either from 
muscle or from muscle - like cell lines. Commercial kits 
are available for AChR and MuSK antibodies from RSR 
Ltd, Cardiff, UK. A recent unpublished survey of centres 
in Europe conducted by Euromyasthenia indicated that 
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 Since the survey was originally conducted there has 
been steady progress in understanding the nature and 
role of antibodies to nervous system components in neu-
rological diseases. The clinical utility of testing remains 
to be determined. 

 The most striking fi nding of this survey was the lack 
of any organized quality assurance schemes for the great 
majority of these autoantibodies, the exception being for 
anti - AChR antibodies, and more recently some anti -
 neuronal and anti - glycolipid antibodies. The survey indi-
cated a very strong demand for such quality assurance 
schemes to be instituted. The mechanism by which such 
schemes should be organized is a matter for debate. Our 
Good Practice Points are thus summarized as follows. 
  1     The determination of anti - neuronal antibodies should 
be conducted using protocols agreed during the course 
of multi - centre comparative studies, such as the INCAT 
study for anti - glycolipid antibodies.  
  2     Laboratories conducting immunassays for anti - AChR 
antibodies should join existing quality assurance schemes.  
  3     Where no offi cial scheme is available (i.e. for the 
majority of assays covered in this survey) laboratories 
should develop arrangements for exchanging coded posi-
tive and negative samples at least biannually, to ensure 
sensitivity and specifi city are being maintained.  
  4     A quality assurance scheme for the most commonly 
measured anti - glycolipid antibodies (GM1 and GQ1b) 
and paraneoplastic antibodies (Hu and Yo) should be 
established as a matter of priority (this has now been 
done).  
  5     The EFNS should consider how open - access quality 
control schemes in Europe are best established, both for 
laboratory and other measures, and should actively 
promote such schemes.    

  Confl icts of  i nterest 
 A. Vincent and Clinical Neurology, Oxford, receive 
royalties and payments for antibody tests. 

 The other authors have reported no confl icts of 
interest.   
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GD1a, GD1b, GQ1b, and sulphatides), but the details of 
the ELISAs used differ considerably between laboratories 
 [39, 41, 42, 44, 45] . 

 In response to questions on quality assurance, most 
centres reported that they conducted in - house quality 
assurance, although information on their precise nature 
was not sought. However, the only assay in which 
national or international quality assurance was widely 
used was the anti - AChR antibody assay. With respect to 
quality assurance schemes for other antigens, all labora-
tories indicated that they would join a quality assurance 
scheme for at least some, if not all, the investigations they 
were conducting. 

 Among the newer antibodies, AQP4 antibody testing 
is now conducted in several centres in Europe, but a 
formal survey has not been conducted. NMDAR anti-
bodies are performed in at least two centres. Both these 
antibody tests have recently been established by Euroim-
mun (Lubeck, Germany) and there is also an ELISA for 
AQP4 antibodies (RSR Ltd, UK).  

  Discussion and  G ood  P ractice  P oints 

 It is evident from this survey that a wide variety of anti-
body assays used in the diagnosis of neuroimmunological 
diseases are being conducted in many centres throughout 
Europe. This survey was restricted to major antigens and 
their respective antibodies, but did not consider the very 
wide array of emerging tests that have yet to be fully vali-
dated for clinical utility. This represents a healthy percep-
tion of the value of such investigations among clinical 
neurologists, but also highlights the need for a high 
degree of inter - laboratory uniformity and standards of 
practice. 

 A number of co - operative inter - laboratory studies 
have previously been conducted through distribution of 
coded positive and negative samples to participating 
laboratories. These have demonstrated marked varia-
tions in the ability to detect accurately positive or nega-
tive samples for both anti - ganglioside antibodies and 
antibodies marking paraneoplastic syndromes, particu-
larly for borderline samples. This particular issue was not 
addressed in this survey. However, information was 
sought on methodology and in this context it is evident 
that methodologies being used vary quite widely among 
different laboratories. 
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  Search  s trategy 

 The task force systematically searched the MEDLINE 
database from 2005, the year when the fi rst ENFS guide-
lines were published  [1] , to 30 June 2009. For each spe-
cifi c issue, we stored all the articles published in English 
sorted by the MEDLINE search using the following key-
words: skin biopsy, punch biopsy, small fi bre neuropa-
thy, painful neuropathy, normative values, intraepidermal 
nerve fi bres, cutaneous innervation, skin nerves. We 
omitted those articles that were not pertinent, then read 
and rated the remaining articles according to the guid-
ance for EFNS guidelines  [3]  and objectives of the current 
paper. In some cases, investigators were asked for origi-
nal data and methodological details.  

  Method for  r eaching  c onsensus 

 Data extraction was carried out and compared among 
each member of the task force. A fi rst draft of the manu-
script was prepared and diffused among the members of 
the task force. After revision, a second draft was pre-
pared. Discrepancies on each topic were further dis-
cussed and settled during a consensus meeting held in 
Wurzburg on 7 July 2009. The third draft of the manu-
script prepared after the consensus meeting was revised 
by an expert member of the task force (W. R. Kennedy) 
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   Objectives 

 This document is written under the auspices of the 
European Federation of the Neurological Societies 
(EFNS;   www.efns.org  ) and the Peripheral Nerve Society 
(PNS;   www.pnsociety.com  ). The purpose is to revise the 
guidelines on the use of skin biopsy in the diagnosis of 
peripheral neuropathy  [1] . In the past 4 years, a consider-
able number of new papers have been published. These 
are mainly focused on small fi bre neuropathy (SFN). The 
role of skin biopsy as a diagnostic tool was analysed in 
the evidence - based review of the American Academy of 
Neurology, American Association of Neuromuscular and 
Electrodiagnostic Medicine, and American Academy of 
Physical Medicine and Rehabilitation  [2] . Since skin 
biopsy retains a particular interest in clinical practice for 
the diagnosis of SFN, we focused the present guidelines 
on this specifi c subtype of neuropathy. 

 The revision includes recommendations on: (i) 
methods; (ii) safety; (iii) normative reference values; (iv) 
diagnostic yield; (v) correlation with other measures of 
neuropathy; (vi) use as outcome measure; (vii) EFNS/
PNS standards; (viii) new studies to address unresolved 
issues.  

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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used to investigate patients with SFN. This technique was 
developed at the University of Minnesota  [25] . 

 In most studies, hairy skin biopsies were obtained 
from the distal part of the leg (10   cm above the lateral 
malleolus), in some from the calf and the paraspinal 
region, and in many of them also from the upper lateral 
aspect of the thigh (20   cm below the anterior iliac spine) 
or other proximal locations where normal values are 
available. These locations were chosen to detect the 
length dependent loss of nerve fi bres, which is typical of 
axonal polyneuropathy. These sites may also be sampled 
in the case of a non - length - dependent ganglionopathy. 
More details are provided on the EFNS website.    

and two experts in the fi eld of peripheral neuropathy 
(J.M. Leger) and clinical neurophysiology (J. Valls - Sol é ) 
not directly involved in the use of skin biopsy. The fi nal 
version of the guidelines is presented here.  

  Defi nition of  s mall  fi  bre  n europathy 

 Defi nitions of SFN have been proposed and used by 
various authors  [4 – 17] , but conclusive diagnostic criteria 
are not yet available. However, the most recent papers 
focusing on the clinical applications of skin biopsy 
in SFN used similar inclusion criteria for patients, 
based on normal sural nerve conduction studies (NCS), 
clinical symptoms and signs considered suggestive, and/
or altered QST fi ndings. The authors provided data on 
sensitivity and sensibility, from which we derived our 
level of recommendations.  

  Methological  i ssues 

  How to  p erform  s kin  b iopsy and 
 c hoice of  b iopsy  l ocation 
 Skin biopsy is most commonly performed using a 3 - mm 
disposable punch under sterile technique, after topical 
anaesthesia with lidocaine. No suture is required. A 
shallow biopsy (3 – 4   mm) is adequate to study epidermal 
nerve fi bres, whereas a deeper biopsy (6 – 8   mm) is 
required to include sweat glands, hair follicles, and 
arterovenous anastomosis. To optimize the sampling of 
such structures and of myelinated fi bres in hairy skin, 
particular attention should be paid to including a hair in 
the specimen  [18] . 

 Earlier studies were performed in healthy subjects  [19]  
and in patients with leprosy and diabetic neuropathy 
 [20, 21] . The current technique was developed at the 
Karolinska Institute  [22] , and later standardized at the 
University of Minnesota  [23]  and at the Johns Hopkins 
University  [24] . 

 A less invasive sampling method is the removal of the 
epidermis alone by applying a suction capsule to the skin. 
With this method there is no bleeding and local anaes-
thesia is not needed. However, the method does not 
provide information on dermal and sweat gland nerve 
fi bres. Moreover, thus far it has not been systematically 

 Recommendations 
    For diagnostic purposes in length - dependent SFN, we 
recommend that a 3 - mm punch skin biopsy be performed 
at the distal leg (10   cm above the lateral malleolus) for 
quantifi cation of IENF density (Level A recommendation). 
An additional biopsy from the proximal thigh may provide 
information about both length - dependent and non - length -
 dependent processes (Level C recommendation). When a 
biopsy is taken from other body sites for evaluation of a 
uni - lateral process, a control biopsy from a similar 
non - affected region should be taken (GPP).  

  Tissue  p reparation 
 After skin biopsy is performed, the specimen is immedi-
ately fi xed in cold fi xative for approximately 24   h at 4 ° C, 
then kept in a cryoprotective solution for one night, and 
serially cut with a freezing microtome or a cryostat. Each 
biopsy yields about 50 vertical 50 -   m sections. The 
fi rst and last few sections should not be used for nerve 
examination because of possible artefacts. Most studies 
for bright - fi eld microscopy used 2% paraformaldehyde -
 lysine periodate (2% PLP), whereas most studies for 
indirect immunofl uorescence with or without confocal 
microscopy used Zamboni ’ s (2% paraformaldehyde, 
picric acid) fi xative. 

 Either bright - fi eld immunohistochemistry or immu-
nofl uorescence with or without confocal microscopy 
have been used, but the technique does not affect the 
reliability of skin biopsy in assessing IENF loss in SFN 
 [1] . However, no study has been designed yet to compare 
the two techniques. More details are provided on the 
EFNS website.  
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( p         0.15) [29] . More details are provided on the EFNS 
website.    

   IENF   m orphometry and 
 m easurement  r eliability 
 Quantifi cation of IENF density using bright - fi eld immu-
nohistochemistry was mostly based on the assessment of 
the number of fi bres per linear measurement. Signifi cant 
correlation with a stereologic technique  [26]  supported 
the reliability of linear IENF density  [27] . IENF are 
counted either under the light microscope at high mag-
nifi cation (i.e. 40x objective) or using software for image 
analysis. The length of the epidermal surface is measured 
using software for biological measures (a freely available 
software is available at  http://rsb.info.nih.gov/nih - image/
index.html ). The density is calculated in at least three 
sections as the number of IENF per length of the section 
(IENF/mm). Other studies reported the IENF density per 
skin surface area  [28, 29] . 

 Quantifi cation of IENF density using confocal immu-
nofl uorescence technique is usually performed on images 
based on the stack of consecutive 2     m optical sections 
(usually 16 sections) for a standard linear length of epi-
dermis. The thickness of skin sections varies from 32 to 
60     m. Four epidermal areas are selected for confocal 
image acquisition, two images on each of two different 
sections excluding areas containing hair follicles and 
sweat ducts. For quantitative analysis, IENF are counted 
at high magnifi cation, (i.e. 40x objective) for light micro-
scope or (20x) for epifl uorescence microscope or using a 
software for image analysis (e.g. Neurolucida, Micro-
brightfi eld) on digitised confocal images. Other semi -
 quantitative methods of IENF density estimation have 
been previously suggested  [1] . 

 In both bright - fi eld and immunofl uorescence 
methods, single IENF crossing the dermal – epidermal 
junction are counted, whereas secondary branching is 
excluded from quantifi cation. No study provided infor-
mation on the rules for counting IENF fragments, which 
have been comprehensively reviewed by Kennedy and 
colleagues  [30] . Intra -  and inter - observer variability, 
and interlaboratory agreement on IENF counts has been 
assessed  [16] . 

 The  ‘ skin blister ’  is an alternative technique to assess 
the epidermal innervation density. IENF density in blister 
roofs from foot and calf correlated with IENF density in 
skin biopsies from adjacent areas in 25 healthy subjects 
( r         0.64 and  r         0.57 respectively) showing no systematic 
differences between skin blisters and biopsies ( p         0.29) 
or between pairs of blisters from the same location 

 Recommendations 
    For diagnostic purposes, we recommend bright - fi eld 
immunohistochemistry or immunofl uorescence with rabbit 
polyclonal anti - PGP 9.5 antibodies in 2% PLP or Zamboni ’ s 
fi xed sections of 50 -   m thickness. For methodological issues 
on bright - fi eld immunohistochemistry we refer to McCarthy 
 et al .  [24] , on immunofl uorescence to Wang  et al .  [22] , and 
on confocal microscopy to Kennedy and Weldelschafer -
 Crabb  [23] . IENF should be counted at high magnifi cation in 
at least three sections per biopsy. We emphasize that only 
single IENF crossing the dermal – epidermal junction should be 
counted, excluding secondary branching and fragments from 
quantifi cation. The length of the section should be measured 
in order to calculate the exact linear epidermal innervation 
density (IENF/mm) (Level A recommendation). An adequate 
training in a well - established skin biopsy laboratory is 
needed. Further studies are warranted to establish the 
reliability of the  ‘ blister technique ’  (Level C recommendation) 
for quantifi cation of IENF density in SFN.  

 Recommendations 
    Morphometric data on sweat gland innervation density in 
healthy subjects and in patients with SFN are limited and 
further studies are warranted. The descriptive semi -
 quantitative approach should not be used to quantify sweat 
gland innervation (Level B recommendation). The unbiased 
stereologic technique recently proposed could be a helpful 
tool (Level B recommendation).  

  Quantifi cation of  s weat  g land 
 i nnervation 
 The quantifi cation of sudomotor nerve fi bres is techni-
cally challenging because of the complex three - dimen-
sional structure of the sweat glands. Different methods 
have been proposed but none has been standardized  [1] . 
Novel methods using an unbiased stereologic technique 
and automated technique for quantifi cation of sudomo-
tor nerve fi bres have been recently proposed  [31, 32] . 
More details are provided on the EFNS website.    

  Safety 
 No side effects have been reported in published studies 
but no study focused on safety was performed. The 
approximate number of biopsies performed with 3 - mm 
disposable punch and side effects recorded (in brackets) 
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all previously cited papers  [1] , value ranges from 13.8        
6.7/mm (mean        SD) to 9.8        3.6/mm (mean        SD). 

 The largest normative study  [16]  included 188 healthy 
subjects from three different laboratories (Maastricht, 
Ferrara, Milan) and stratifi ed the study population per 
age and gender, providing normative values per decade. 
The authors reported that IENF density at the distal leg 
is lower in males than females, that weight and height do 
not have any signifi cant impact, and that values decline 
with age (table  7.1 ), thus confi rming previous observa-
tions  [34 – 36] .    

  Immunofl uorescence  t echnique 
 No study specifi cally assessed the normative range of 
IENF density at the distal leg using indirect immunofl uo-
rescence with or without confocal microscopy. Overall, 
values obtained with confocal microscopy were higher 
than those found using light microscopy technique. 
Normal values were reviewed by Kennedy and co - authors 
 [30] . Data from 267 healthy subjects included in 17 
studies performed with and without confocal microscopy 
 [29, 37 – 52]  ranged between 7.6        3.1 and 33        7.9/mm 
(mean        SD) in subjects with age 20 – 59 years. Density of 
20.1        5/mm (mean        SD) was found in subjects over 60 
years (lower 5th percentile        11.8).  

  Blister  t echnique 
 Panoutsopoulou and colleagues  [29]  reported the nor-
mative values of IENF density (expressed by number of 
IENF per epidermal surface area) using both blister tech-
nique and punch biopsy with confocal immunofl uores-
cence microscopy at foot and calf in 25 healthy subjects 

in healthy subjects and patients with neuropathy of 
different aetiology in the 10 laboratories participating 
in this guideline are: Milan 1600 (2); Telese Terme 2000 
(2); Taiwan 1700 (1); Maastricht 300 (0); Utah 2000 (3); 
Stockholm 1000 (0); Minneapolis 10 000 (3); W ü rzburg 
800 (10); Troms ø  600 (1); Johns Hopkins University 
15   000 (44). The most common side effect was a mild 
infection due to improper wound management, recover-
ing with topical antibiotic therapy. The only other com-
plication reported was excessive bleeding which did not 
need suture. The estimated frequency of side effects is 
1.9   :   1000. However, this fi gure may be underestimated 
because patients with a milder infection could be treated 
by their general practitioner or treat themselves without 
reporting to the centre. Healing occurs within 7 – 10 days.     

 Recommendations 
    Skin biopsy performed with 3 - mm disposable punch is a safe 
and minimally invasive procedure based on the experience of 
the 10 established laboratories reported here. It requires 
training and is safe as long as sterile procedures and 
haemostasis are correctly performed (GPP).  

  Table 7.1    Intraepidermal nerve fi bre (IENF) density at the ankle: normative values for clinical use (reproduced from Bakkers  et al .  [16] , 
with permission). 

   Age (years)  

   Females ( n     =    97)     Males ( n     =    91)  

   0.05 Quantile values 
per age span  

   Median values 
per age span  

   0.05 Quantile values 
per age span  

   Median values 
per age span  

  20 – 29    6.7    11.2    5.4    9.0  
  30 – 39    6.1    10.7    4.7    8.4  
  40 – 49    5.2    9.9    4.0    7.8  
  50 – 59    4.1    8.7    3.2    7.1  
  60 – 69    3.3    7.9    2.4    6.3  
    70    2.7    7.2    2.0    5.9  

  Normative  r eference  v alues 

  Bright -  fi  eld  i mmunohistochemistry 
 After the publication of the fi rst guidelines on skin 
biopsy, three further large studies  [7, 16, 33]  estimated 
the density of IENF at the distal leg (10 cm above the 
lateral malleolus) in healthy subjects. Overall, including 
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biopsy depends on how the reference and cut - off values 
have been assessed. In most studies, skin biopsy has been 
used to investigate patients with SFN either idiopathic or 
associated to different conditions, including diabetes, 
infectious diseases, systemic connective tissue disorders, 
and genetic diseases. However, no study was designed to 
demonstrate whether skin biopsy can be useful for iden-
tifying the aetiology of SFN. Therefore, no data on this 
issue are yet available. More details are provided on the 
EFNS website. 

  Assessment of  m orphological  c hanges 
 Morphological changes of IENF and dermal nerve 
fi bres (swellings, weaker immunoreactivity, crawler) were 
reported as common fi ndings in SFN but were also 
present to a lesser extend in healthy individuals  [53, 54] . 
In three other studies evaluating SFN of different aetiolo-
gies, isolated morphological abnormality with normal 
IENF densities were noted in 29.1%, 20%, and 25% of 
cases  [55 – 57] . Similar results were reported in 62 patients 
with sensory neuropathy, 29% of whom had abnormal 
morphology but normal IENF density  [58] . More details 
are provided on the EFNS website.     

(age 35 – 62 years). Mean IENF density on the foot was 
174   IENF/mm 2  for the punch biopsy and 162   IENF/mm 2  
for the blister method. Mean IENF density on the calf was 
158   IENF/mm 2  for the punch biopsy and 143   IENF/mm 2  
for the blister method. Intra -  and inter - blister variability 
was less than intra - biopsy variability. The authors found 
a signifi cant correlation between the two techniques.     

 Recommendations 
    Normative reference values must consider that IENF density 
at the distal leg (10   cm above the lateral malleolus) declines 
with age (Level A recommendation) and may be lower in 
males than in females. However, it is not infl uenced by 
weight and height. Normative reference values are available 
for bright - fi eld immunohistochemistry (Level A 
recommendation) but not yet for confocal 
immunofl uorescence or blister technique.  

 Recommendations 
    Skin biopsy with linear quantifi cation of IENF density is a 
reliable and effi cient technique to confi rm the clinical 
diagnosis of SFN (Level A recommendation). This conclusion 
derives from the examination of studies involving 
homogeneous groups of patients with possible SFN. 
However, since the defi nition of SFN varied in the different 
studies, we could not provide the range of sensitivity and 
sensibility values. 

 Immunohistochemical technique does not seem to 
infl uence the diagnostic effi ciency in diagnosing SFN. 
However, data from comparative studies using the two 
techniques in homogeneous groups of SFN patients are not 
available yet and are warranted. 

 For diagnostic purposes we recommend quantitative 
assessment of IENF density with appropriate quality controls, 
which include all the steps of the procedure, in particular 
the aspect of intra -  and inter - observer ratings. The diagnosis 
of SFN with skin biopsy should be based on the comparison 
with normative reference values adjusted by age (Level A 
recommendation) and possibly gender (Level B 
recommendation). Diffuse IENF swellings, especially if large, 
may have a predictive value to the progression of 
neuropathy (Level C recommendation). Further studies to 
investigate the ability of skin biopsy in differentiating 
patients with symptoms mimicking SFN are warranted.  

  Diagnostic  y ield of  s kin  b iopsy 

 In the fi rst guideline paper  [1] , we reported specifi city 
and sensitivity of skin biopsy for the diagnosis of SFN 
based on an unpublished meta - analysis of 161 patients 
from nine studies, two of them performed with confocal 
microscope technique. The same year, Koskinen and 
colleagues  [28]  reported similar values for idiopathic or 
secondary SFN. 

 In the past few years, two studies  [7, 51]  focused on 
the analysis of the diagnostic yield of skin biopsy in SFN 
using the receiver operating characteristic (ROC) curve 
that graphically describes the discrimination threshold of 
sensitivity versus specifi city or true positives versus false 
positives. The IENF density cut - off of 7.63/mm and   8.8/
mm at distal leg were associated with specifi city of 90% 
and 79.6% and sensitivity of 82.8% and 77.2% respec-
tively. One study  [17]  compared three statistical methods: 
(1) Z - scores, calculated from multiple regression analy-
sis, in which cut - off values were estimated for each 
patient and adjusted for age and gender; (2) fi fth percen-
tile, in which cut - off value was 6.7   IENF/mm; and (3) 
ROC analysis, in which cut - off value was 10.3   IENF/mm. 
Highest specifi city was obtained with Z - scores (98%) and 
fi fth percentile (95%), which had lower sensitivity (31% 
and 35% respectively) compared to the ROC analysis, 
which showed specifi city of 64% and sensitivity of 78%. 
The authors emphasized that the diagnostic yield of skin 
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patient ’ s and doctor ’ s evaluation scores  [67] , and another 
 [56]  showed that assessment of IENF density could not 
differentiate between symptomatic or asymptomatic HIV 
neuropathy patients. In patients with pure SFN of mixed 
aetiology, IENF density was lower in those with pure 
spontaneous pain than those with pure evoked pain, but 
it did not correlate with its intensity  [7] .  

  Correlation with  s ensory  n erve 
 c onduction  s tudies 
 Concordance between sural sensory nerve action poten-
tial (SNAP) amplitude and IENF density was investigated 
in several studies with different results. This is likely in 
keeping with the different types of neuropathy examined 
(i.e. large or mixed fi bre versus small fi bre) with most 
studies focusing on SFN. We have previously reported 
 [1]  that concordance between sural SNAP amplitude and 
IENF density was found in patients with clinical impair-
ment of large nerve fi bres, whereas skin biopsy appeared 
more sensitive than sural sensory nerve conduction study 
(NCS) in diagnosing SFN. Recent studies strengthened 
this assumption. In 67 patients with pure SFN, sensory 
NCS were normal and IENF density at distal leg was 
reduced in 88% of cases  [7] . However, a recent study  [68]  
confi rmed the previously observed linear correlation 
between medial plantar SNAP amplitude and IENF 
density in patients with SFN  [14]  and found a correlation 
with digital plantar near - nerve needle sensory NSC at the 
multivariate analysis. These fi ndings suggest that most 
large sensory fi bres can be impaired in distal segments in 
some patients with a clinical picture of pure SFN. There-
fore, clinically pure SFN can be part of a mixed sensory 
neuropathy. More details are provided on the EFNS 
website.  

  Correlation with  s mall  fi  bre -  r elated 
 e voked  p otentials 
 Few studies have examined the relationship between skin 
biopsy and neurophysiological tests for assessing small 
fi bre function, and most of the available data come from 
single case reports. More details are provided on the 
EFNS website.  

  Correlation with  q uantitative  s ensory 
 t esting ( QST ) and  a utonomic  n ervous 
 s ystem  t esting 
 Psychophysical assessment of thermal, heat - pain, and 
vibratory thresholds provides information on A   and C, 

  Correlation between  IENF   d ensity 
and  o ther  m easures of  n europathy 

  Correlation with  c linical  m easures 
 In the past 4 years, a number of studies investigating the 
correlation between skin biopsy and clinical scales have 
been published. However, there are no defi nite diagnos-
tic criteria nor validated scales for SFN. Therefore, we 
report here available comparative data between skin 
biopsy, clinical fi ndings, and various neuropathy scales. 

 IENF density was closely related to, and predicted, pin 
sensation loss in 106 subjects with idiopathic SFN  [47] . 
Among subjects with diabetic neuropathy, IENF density 
progressively declined with increased severity of clinical 
neuropathy, measured using the Neurological Disability 
Score  [59 – 61] . Another study in diabetic subjects with 
normal nerve conduction studies found a negative cor-
relation between IENF density at the lower leg and the 
Neuropathy Impairment Score  [62] . 

 A recent study  [16]  investigated three groups of 
patients with sarcoidosis: (1) patients without SFN symp-
toms ( n         14); (2) patients with SFN complaints and 
normal IENF density fi ndings ( n         39); and (3) patients 
with SFN complaints and abnormal IENF density values 
( n         19). The authors found that signifi cantly more SFN -
 related symptoms (as reported by a SFN - related symp-
toms inventory questionnaire) were present in patients 
with abnormal IENF density, with a gradual transition 
between the three subgroups. 

 In two studies investigating patients with systemic 
lupus erythematosus, IENF density negatively correlated 
with cutaneous vasculitis and disease activity  [63, 64] . 
Conversely, in HIV - associated neuropathy there was no 
correlation between distal IENF density and Total 
Neuropathy Score  [65] , although a baseline reduction in 
IENF density predicted the risk of developing neuropathy 
symptoms over a 2.9 - year period, which was 14 - fold 
higher in patients with IENF density of fewer than 
10   fi bres/mm  [66] . Another study failed to demonstrate 
a relationship with the Neuropathy Symptoms Score  [17] . 

 IENF density was lower in diabetic neuropathy patients 
with pain compared with those without  [45, 51, 59] , 
whereas no correlation was previously found in another 
study  [42] . In HIV - associated sensory neuropathy, IENF 
density inversely correlated with pain severity assessed 
with both VAS and the Gracely Pain Score  [65] . Con-
versely, a previous study found a correlation only with 



CHAPTER 7  Skin biopsy in the diagnosis of small fi bre neuropathy 87

  Skin  b iopsy  a s a  m easure of  o utcome 

 Several prospective studies and case reports have investi-
gated the relationship between skin innervation and 
outcome. Overall, they showed that a lower IENF density 
is associated with a higher risk of progression to neuro-
pathy  [59, 66]  and that IENF regeneration positively cor-
related with decreased neuropathic pain intensity  [69] . 
Studies measuring the rate of IENF regeneration follow-
ing capsaicin chemical denervation showed that it is 
slower in patients with diabetes or HIV without signs or 
symptoms of neuropathy  [70, 71] . More details are pro-
vided on the EFNS website.    

and A ß  fi bres, respectively. However, the correlation 
between QST and IENF density remains controversial. 
More details are provided on the EFNS website. 

 Although IENF have somatic functions, several studies 
investigated their relationship with autonomic dysfunc-
tion in neuropathy of different aetiology. Clinical signs 
of dysautonomia and abnormal veno - arteriolar refl ex and 
vasodilatation induced by local heating, refl ecting 
impaired skin axonal refl exes carried by somatic C - fi bres, 
were found in about 70% of patients with pure SFN  [7] . 
Another study did not fi nd any correlation between IENF 
density and measures of autonomic function in SFN  [51] .  

  Correlation with  s ural  n erve  b iopsy 
 In the past 4 years, no further study investigated the cor-
relation between skin and nerve biopsy. Therefore, we 
refer to the recommendations proposed in the fi rst EFNS 
skin biopsy guidelines  [1] .     

 Recommendations 
    In SFN, the reduction of IENF density over time can be 
used as an index of progression of neuropathy (Level A 
recommendation). In HIV patients without neurological 
symptoms, skin biopsy with quantifi cation of the IENF 
densities may predict the risk of progression to symptomatic 
HIV neuropathy (Level B recommendation). Regeneration of 
IENF may be associated with recovery of neuropathic pain 
and sensory symptoms (Level C recommendation). Skin 
biopsy may be considered as an endpoint in future 
neuroprotective neuropathy trials (Level B recommendation).  

 Recommendations 
    Decreased IENF density reliably indicates the presence of SFN 
(Level A recommendation). However, correlation between 
IENF density, validated measures of neuropathy severity, and 
clinical disability needs further evaluation in patients with 
neuropathy of specifi c etiologies (Level C recommendation). 

 The relationship between IENF density and neuropathic 
pain is more complex than a simple inverse correlation. 
Lower IENF density may be associated with the presence 
of neuropathic pain, especially in pure SFN (Level B 
recommendation), but it does not correlate with the intensity 
of pain. 

 Quantifi cation of IENF density can better assess the 
diagnosis of SFN than sural NCS and sural nerve biopsy 
(Level A recommendation). Concordance between IENF 
quantifi cation and medial plantar SNAP amplitude in patients 
with normal sural NCS suggests that distal sensory nerve 
recording might be more sensitive than sural NCS in the 
diagnosis of sensory neuropathy (Level C recommendation). 

 IENF density correlates with psychophysical examination of 
small fi bre dysfunction using thermal and nociceptive 
detection thresholds (Level A recommendation), but 
correlation with specifi c sensation (e.g. cooling, warm, 
heat - pain) remains uncertain (Level C recommendation). 
Correlation with autonomic dysfunction needs more 
extensive validation (Level C recommendation). 

 Further studies are required to determine the relative 
diagnostic utility of non - conventional neurophysiological 
methods to investigate small fi bre function (e.g. laser - evoked 
potentials [LEPs], contact heat - evoked potentials [CHEPs], 
and pain - related electrically evoked potential [PREPs]) and 
their correlation with IENF density.  

   EFNS / PNS   s tandards 

 Skin biopsy with quantifi cation of IENF density is a reli-
able technique to diagnose SFN. For diagnostic purposes, 
we endorse 3 - mm punch skin biopsy at the distal leg 
(10   cm above the lateral malleolus) and quantifi cation of 
linear IENF density in at least three 50 -   m thick sections 
per biopsy, fi xed in 2% PLP or Zamboni ’ s solution, by 
immunohistochemistry using rabbit polyclonal anti - PGP 
9.5 antibodies, using either bright - fi eld microscopy or 
immunofl uorescence with or without confocal micro-
scopy. Appropriate normative data from healthy subjects 
matched for age and gender should be always used. 

 We strongly recommend training in an established 
cutaneous nerve laboratory before performing and pro-
cessing skin biopsies in the diagnosis of SFN. Quality 
control should include all the steps of the procedure, in 
particular the aspect of intra -  and inter - observer ratings 
for qualitative assessments and for quantitative analysis 
of epidermal densities.  
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  Proposal for  n ew  s tudies 

 Normative reference studies reporting age -  and gender -
 matched values of IENF density at proximal and distal 
sites using indirect immunofl uorescence technique with 
and without confocal microscopy are warranted. These 
studies should be collaborative and designed to compare 
the diagnostic yield of this technique with that of bright -
 fi eld microscopy in patients with SFN. 

 A clinimetric approach should be used to assess the 
correlation between skin innervation and the clinical 
symptoms and signs of SFN. Such studies should include 
patients whose clinical picture mimics that of SFN in 
order to defi nitely assess specifi city and sensitivity of skin 
biopsy in the diagnosis of this type of neuropathy. 

 A consensus defi nition of SFN is needed to plan new 
studies that will determine the sensitivity and specifi city 
of skin biopsy and other potential diagnostic strategies. 

 The reliability of already tested or new methods to 
quantify the density of nerve fi bres in the sub - epidermal 
dermis and autonomic structures (e.g. sweat gland nerve, 
erector pili muscle, and vessels) should be confi rmed by 
further studies in patients with homogeneous types 
of peripheral neuropathy, including SFN. Correlative 
studies between skin biopsy, autonomic tests, and non -
 conventional neurophysiologic tools are also warranted. 

 Lastly, further studies should focus on the ability of 
skin biopsy to detect early changes of nerve fi bres that 
predict the progression of neuropathy and that assist in 
assessing nerve degeneration and regeneration rates over 
time, to confi rm the potential usefulness of the technique 
as an outcome measure in clinical practice and research. 
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participants were assigned to check the sorted material 
per method of assessment, i.e. screening tools and 
questionnaires, quantitative sensory testing, microneu-
rography, refl exes and evoked potentials, functional 
neuroimaging, and skin biopsy. Pertinent studies were 
rated for evidence level according to EFNS rules  [2]  
whenever applicable; in some instances, such as for 
statements generally accepted or demonstrated by basic 
neuroscience, we did not give an evidence level; ade-
quately powered systematic reviews (SR) were considered 
Class I.  

  Considerations on the  m ethods of 
 a ssessment in  l ight of the  n ew 
 d efi nition and  g rading  s ystem 

 According to a new proposal, neuropathic pain (NP) is 
 ‘ Pain arising as a direct consequence of a lesion or disease 
affecting the somatosensory system ’   [3] . This proposal 
represents a strengthening of the old IASP defi nition  [4]  
by eliminating  ‘ dysfunction ’  of the nervous system as a 
possible cause and by requiring a specifi c lesion of the 
somatosensory system. It is clear that NP is not a single 
disease but represents a syndrome, i.e. a constellation of 
specifi c symptoms and signs with multiple potential 
underlying aetiologies. Hence an accurate neurological 
history and neurological examination, including sensory 
testing, is most important in order to reach a diagnosis 
and to postulate the presence of a neuropathic pain syn-
drome. The elucidation of underlying disease aetiology 
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   Background and  o bjectives 

 Neuropathic pain is a major symptom that may be 
intractable in common neurological disorders such as 
neuropathy, spinal cord injury, multiple sclerosis, and 
stroke. Pain is a complex sensation strongly modulated 
by cognitive infl uences, and understanding the underly-
ing pathophysiological mechanisms in patients remains 
a challenge for pain specialists. The EFNS launched a task 
force that published guidelines for the assessment of neu-
ropathic pain to address an unmet clinical need  [1] . The 
aim of this new task force was to revise the previous 
guidelines, in accord with evidence - based studies pub-
lished thereafter. We have now done so, drawing in part 
on similar work in this fi eld by the neuropathic pain 
special interest group (NeuPSIG) of the International 
Association for the Study of Pain (IASP).  

  Search  m ethods 

 Search methods adhered to those used in previous guide-
lines  [1] , and complied with EFNS recommendations 
 [2] . Briefl y, after an initial search through the central 
database in the Cochrane Library, MEDLINE, and other 
electronic databases (2004 to the present), two task force 

European Handbook of Neurological Management: Volume 1, 
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© 2011 Blackwell Publishing Ltd.



92 SECTION 1  Investigations

  Screening and  a ssessment  t ools 

 Several tools essentially based on pain descriptors have 
been proposed for the purpose of distinguishing NP from 
non - neuropathic pain (screening tools) or characterizing 
multiple neuropathic phenotypes (assessment tools). 

  Screening  t ools 
 The development of the McGill Pain Questionnaire 
(MPQ) revealed that pain quality descriptors vary across 
different pain conditions  [7] . The lack of specifi city of 
the MPQ for NP has led to development of screening 
tools for the recognition of NP. Interestingly, these tools 
generally share similar clinical characteristics. 

 The Leeds Assessment of Neuropathic Symptoms and 
Signs (LANSS) contains fi ve symptom items and two 
clinical examination items (Class I;  [8] ). It has also been 
validated as a self - report tool, the S - LANSS (Class I;  [9] ). 
Compared to clinical diagnosis, its sensitivity and 
specifi city ranges are 82 – 91% and 80 – 94% respectively.   
The S - LANSS has also been used in epidemiological 
studies in the general population. 

 The Neuropathic Pain Questionnaire (NPQ) contains 
12 items (of them 10 sensory and two affective) (Class I; 
 [10] ). It demonstrated 66% sensitivity and 74% specifi c-
ity compared with clinical diagnosis in the validation 
sample, but the aetiologies of pain were not reported. The 
short form of the NPQ (three items) has similar discrimi-
native properties (Class II;  [11] ). It has been found able 
to discriminate between NP and non - NP in patients 
referred to a specialist pain clinic. 

 The Douleur Neuropathique en 4 questions (DN4) 
contains seven items related to symptoms and three 
related to clinical examination (Class I;  [5] ). A total score 
   4 out of 10 suggests NP. The DN4 showed 83% sensitiv-
ity and 90% specifi city when compared with clinical 
diagnosis in the development study. The seven sensory 
descriptors can be used as a self - report questionnaire 
with similar results. The tool was developed and vali-
dated in French and translated into 15 languages. The 
DN4 has been used in epidemiological studies in general 
population and diabetics. 

 PainDETECT was developed and validated in German 
(Class I;  [12] ) and is available in several other languages. 
It is a self - report questionnaire with nine items. It cor-
rectly classifi es 83% of patients to their diagnostic group 
with 85% sensitivity and 80% specifi city. 

and the dissection of pain will in practice often occur 
simultaneously. However, for clarifi cation, the following 
is a brief description of steps in assessing a neuropathic 
pain syndrome. 
  1     The history will indicate if the character and distribu-
tion of the pain is in accord with neuropathic criteria, 
and if a relevant lesion or disease in the nervous system 
is likely to be responsible for the pain.  
  2     The clinical examination will determine the presence 
of negative (loss of function) and positive (hyperalgesia 
and/or allodynia) sensory signs, for one or more sensory 
modalities affecting the somatosensory system, and their 
relevance to the underlying disease or lesion.  
  3     Further diagnostic tests can be conducted to either 
document the presence of a specifi c underlying neuro-
logical disease (e.g. imaging of the brain to document a 
stroke in a patient with suspected post - stroke pain) or 
confi rm a sensory lesion within the pain distribution (e.g. 
skin biopsy to document presence of small fi bre loss in 
cases with small fi bre neuropathy).    

 Based on this stepwise assessment, it has been sug-
gested that patients can be categorized into possible NP 
(fulfi lling step 1 above), probable NP (fulfi lling step 1 
with supporting evidence for  either  lesion/disease  or  pain 
distribution according to step B or C), and defi nite NP 
(fulfi lling step A with supporting evidence for  both  
lesion/disease  and  pain distribution according to step B 
or C)  [3] . 

 So far there are no studies to document the effective-
ness of this diagnostic grading system. Recently, simple 
questionnaires and/or combinations with sensory exami-
nations have been introduced (e.g. Class I;  [5] ) for these 
to partially substitute or contribute to diagnosing NP. In 
a new proposal, using standardized questions and testing 
a few somatosensory functions, a high degree of specifi c-
ity and sensitivity has been obtained for certain types of 
NP; the diagnostic sensitivity of the interview and sensory 
examination exceeded that obtained with a relevant 
imaging technique (Class I;  [6] ).    

 Recommendations 
    History and clinical examination is a requirement to confi rm 
the presence of a neuropathic pain syndrome, and also an 
important step in reaching an aetiological diagnosis for NP 
(Good Practice Point, GPP).  
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  Quantitative  s ensory  t esting 

 Quantitative sensory testing (QST) is a psychophysiolog-
ical measure of perception in response to external stimuli 
of controlled intensity. Detection and pain thresholds are 
determined by applying stimuli to the skin in an ascend-
ing and descending order of magnitude. Mechanical sen-
sitivity for tactile stimuli is measured using von Frey hairs 
or Semmes - Weinstein monofi laments, pinprick sensa-
tion with weighted needles, and vibration sensitivity with 
a tuning fork or an electronic vibrameter; thermal per-
ception and thermal pain are measured using a probe 
that operates on the Peltier principle (for references see 
previous guidelines  [1] ). 

 The main problem with studies using QST as a diag-
nostic tool remains that of blinding, with only four 
studies (out of some 50 new studies) being prospective, 
in a broad spectrum of patients and controls, and having 
blinded examiners (Class I/II;  [20 – 23] ). The variability 
of methods, results and patient population (diabetic neu-
ropathy, spinal cord injury, radiculopathy) prevents any 
conclusion. We must also emphasize that QST changes 
were also found in non - neuropathic pain states, such as 
rheumatoid arthritis, infl ammatory arthromyalgias, and 
fi bromyalgia (although all these studies are Class IV, e.g. 
 [24] ). 

 ID - Pain consists of fi ve sensory descriptor items and 
one item relating to whether pain is located in the joints 
(Class II;  [13] ). In the validation study, 22% of the noci-
ceptive group, 39% of the mixed group, and 58% of the 
neuropathic group scored more than 3 points, the rec-
ommended cut - off score; the exact sensitivity and speci-
fi city of the tool using this cut - off compared to clinical 
diagnosis was not reported. 

 The StEP (standardized evaluation of pain) was 
recently validated to identify NP in patients with chronic 
low back pain categorized into  ‘ axial ’  (non neuropathic) 
or  ‘ radicular ’  (neuropathic) low - back pain (Class I;  [6] ). 
It contains 10 physical tests and six questions, thus 
emphasizing clinical examination. Several symptoms 
(e.g. burning pain) are scored negatively, suggesting that 
they are less likely in NP, which is in contrast with the 
other screening tools. This may refl ect specifi cities related 
to low - back pain or diffi culties inherent to the classifi ca-
tion of low - back pain patients  [14] .  

  Assessment  q uestionnaires 
 Although the McGill Pain Questionnaire (MPQ)  [7]  and 
the short - form McGill questionnaire (SF - MPQ)  [15]  
have not been validated for NP assessment, the SF - MPQ 
has been the most commonly used quality assessment 
tool. However, it is not more sensitive to change than 
unidimensional intensity scales. To overcome this limita-
tion, the SF - MPQ 2  [16]  has been recently developed as 
a measure of neuropathic and non - neuropathic symp-
toms, but it is not fully validated. 

 The Neuropathic Pain Scale (NPS) (Class I;  [17] ), the 
fi rst pain quality assessment tool devoted to NP assess-
ment, has been translated into 24 languages and used in 
several NP trials. However, it lacks several pain qualities 
commonly seen in NP and is fully validated only in mul-
tiple sclerosis. To overcome these limitations, the Pain 
Quality Assessment Scale (PQAS) has been derived from 
the NPS  [18] . To date no data exist regarding its use in 
blinded NP trials. 

 The Neuropathic Pain Symptom Inventory (NPSI) 
was originally validated in French (Class I;  [19] ) and has 
been submitted to linguistic validation in 50 other lan-
guages. One study found that several NP dimensions of 
the NPSI were particularly sensitive to treatment effect. 
The factorial structure of the NPSI makes it suitable to 
capture different aspects of NP with presumably distinct 
mechanisms.     

 Recommendations 
    The main advantage of screening tools is to identify 
potential patients with NP, particularly by non - specialists 
(grade A). However, these tools fail to identify 10 to 20% of 
patients with clinician diagnosed NP, showing that they 
cannot replace careful clinical judgement. They have also 
been used in epidemiological studies, but validation studies 
for this purpose are necessary. More research is also needed 
to clarify whether they can predict response to therapy. 

 Pain quality assessment measures are useful to 
discriminate among various pain mechanisms associated with 
distinct dimensions of NP experience (grade B). The NPS or 
NPSI are recommended to evaluate treatment effects on 
neuropathic symptoms or their combination (grade A), but 
should also be used in future trials to try to predict 
treatment outcome and better defi ne responder profi les. 
Assessment of the sensory and affective dimensions of pain 
can be performed with the SF - MPQ scale, but whether such 
assessment is more sensitive than the pain intensity 
measures remains to be confi rmed. The SF - MPQ - 2 and the 
PQAS have not yet been fully evaluated in NP.  
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although it does not provide information on small - fi bre 
function, as a most useful tool for documenting and 
assessing peripheral neuropathies. 

  Microneurography 
 Microneurography is a minimally invasive technique in 
which single - axon recordings from peripheral nerves are 
made in awake subjects and provides valuable informa-
tion on the physiology and pathophysiology of all nerve 
fi bre groups. Because it can discriminate individual 
action potentials in single, identifi ed peripheral fi bres, 
microneurography is nowadays the only technique able 
to record and quantify positive sensory phenomena 
mediated by large - myelinated fi bres (tactile paresthesias 
and dysesthesias) or small - myelinated and unmyelinated 
fi bres (spontaneous pains). The possibility of performing 
intraneural microstimulation may provide a direct link 
between activity in peripheral nerve fi bres and pain per-
ception  [37] . Because prospective studies monitoring 
side effects of the technique did not fi nd overt or 
persistent nerve damage  [38, 39] , microneurography is 
considered a relatively safe technique if performed by 
experienced examiners  [40] . 

 Microneurography is time - consuming and requires 
both an expert investigator and a collaborative patient. 
Furthermore, microneurography is currently performed 
only in a few centres around the world. For these reasons 
it has only been used on very few occasions to study 
neuropathic pain patients. There are no published nor-
mative data for healthy subjects, and published reports 
are unblinded group comparisons only (Class IV). 

 New developments in analysis software now allow 
multiple simultaneous recordings of C - fi bres, thus 
enhancing the possibility of studying ongoing abnormal 
activity arising from peripheral nociceptors, which is 
considered a possible cause for spontaneous pain in 
patients with peripheral neuropathies  [41 – 44] .  

  Pain -  r elated  r efl exes 
 Pain - related refl exes appear to be diagnostically useful 
only for facial pains. Two Class I studies  [45, 46]  and the 
recent AAN - EFNS guidelines on trigeminal neuralgia 
management (SR Class I:  [47, 48] ) confi rmed that the 
A   - mediated trigeminal refl exes (early R1 blink refl ex 
and early SP1 masseter inhibitory refl ex) are effi cient 
tools to reveal symptomatic forms of trigeminal neural-
gia, yielding an overall specifi city of 94% and sensitivity 

 Most QST studies are still dedicated to the assessment 
of sensory small - fi bre function only, assuming that large 
fi bre function was probably documented by standard 
clinical neurophysiology. This bias precludes any analysis 
on the relative importance of small versus large sensory 
fi bre function defi cits in neuropathic pain syndromes. 
However, extensive validation data for all somatosensory 
submodalities have now been published by the German 
Research Network on Neuropathic Pain  [25, 26] . QST 
is used for diagnosis and follow - up of small fi bre neu-
ropathy (all Class IV; e.g.  [27, 28] ) and its usefulness is 
agreed in the early diagnosis of diabetic neuropathy (SR 
Class I;  [1] ). 

 QST is particularly appropriate to quantify positive 
sensory phenomena, such as mechanical and thermal 
allodynia and hyperalgesia, which may help characterize 
painful neuropathic syndromes and predict or monitor 
treatment effects. In particular, pharmacological and 
non - pharmacological treatment trials using QST found 
effects on dynamic mechanical allodynia, pinprick hyper-
algesia, and sensory loss, whereas treatment effi cacy was 
predicted by thermal detection thresholds, vibration 
detection thresholds, heat hyperalgesia, and dynamic 
mechanical allodynia (Class I/II;  [29 – 36] ).    

 Recommendations 
    QST can be used in the clinic along with bedside testing to 
document the sensory profi le. Because abnormalities have 
often been reported in non - neuropathic pains as well, QST 
cannot be considered suffi cient to separate differential 
diagnoses (GPP). QST is helpful to quantify the effects of 
treatments on allodynia and hyperalgesia and may reveal a 
differential effi cacy of treatments on different pain 
components (grade A). To evaluate mechanical allodynia/
hyperalgesia, we recommend the use of simple tools such as 
a brush and at least one high - intensity weighted pinprick or 
von Frey fi lament (e.g. 128   mN). The evaluation of pain in 
response to thermal stimuli is best performed using the 
computerized thermotest, but we do not recommend the 
systematic measure of thermal stimuli except for 
pathophysiological research or treatment trials. A simple and 
sensitive tool to quantify pain induced by thermal stimuli in 
clinical practice is still lacking.  

  Neurophysiology 

 We wish to remind readers that our previous guidelines 
recommended the standard nerve conduction study, 
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trols, with high specifi city but low sensitivity (consider-
ing the responses to be certainly abnormal only when 
absent; sensitivity would increase considerably if the 
recently recommended normal limits of amplitude were 
used [SR Class I;  [53] ]). 

 One study only dealt with C - fi bre - related LEPs (elic-
ited from the trigeminal territory) (Class I;  [49] ). The 
recording of C - LEPs after limb stimulation is probably 
still technically diffi cult for reliable clinical applications.     

of 87% in over 600 patients.   Six other studies used blink 
refl exes in facial pains. Although four studies were Class 
IV, one Class I study in patients with ophthalmic posther-
peutic neuralgia (PHN)   yielded a specifi city of 100% and 
sensitivity of 73% for the early R1 blink refl ex  [49]  and 
one Class III study found that the nociceptive blink refl ex 
(elicited by the concentric electrode) was delayed in 
patients with atypical odontalgia, thus supporting the 
view that this condition is neuropathic  [50] . 

 For the upper limb, the cutaneous silent period (CSP, 
an inhibitory refl ex recorded from the small hand 
muscles after noxious stimulation of the fi ngers) was 
assessed in two studies, one in distal symmetric polyneu-
ropathy (Class III;  [51] ) and the other in carpal tunnel 
syndrome (Class I;  [52] ). In neither study did CSP dif-
ferentiate patients with and without pain, and this 
measure did not correlate with pain. This confi rms the 
conclusions of the previous guidelines  [1] , that the CSP 
is not an adequate tool for assessing nociception. Regard-
ing the lower limb, the nociceptive fl exion refl ex (RIII) 
is still being used in physiological and pharmacological 
studies of modulation of nociception, but not in patients 
with neuropathic pain.  

  Pain -  r elated  e voked  p otentials 
 According to the previous EFNS guidelines on neuro-
pathic pain assessment (SR Class I;  [1] ), and the Recom-
mendations from the International Federation of Clinical 
Neurophysiology (SR Class I;  [53] ), laser - evoked poten-
tials (LEPs) are the easiest and most reliable of the 
neurophysiological methods for assessing function of 
nociceptive pathways. 

 Many new studies have investigated A   - mediated fi bre 
pathways in a total of more than 300 patients with neu-
ropathic pain: fi ve studies used LEPs, three the contact -
 heat evoked potentials  [54] , and three evoked potentials 
elicited by a surface concentric electrode that provides a 
preferential activation of superfi cial terminals (i.e. small -
 diameter afferents)  [55] .   Although all techniques revealed 
signifi cant sensory abnormalities when compared with 
controls or contralateral side, and several showed signifi -
cant correlations with pain, only three studies  –  all using 
LEPs  –  were Class I; those using other techniques were all 
Class III/IV. The LEP studies investigated patients with 
sensory neuropathy  [56] , PHN  [49] , and carpal tunnel 
syndrome  [52] . A cumulated analysis of these three Class 
I studies revealed a highly signifi cant difference to con-

 Recommendations 
    Thus far, microneurography cannot be suggested as a 
routine procedure for the assessment of patients with 
peripheral neuropathic pain (GPP). However, we encourage 
new studies in selected groups of patients with neuropathic 
pain to understand the frequency and pathophysiological 
role of spontaneous ectopic activity, and the potential 
effi cacy of drugs in reducing ectopic impulse generation in 
peripheral nociceptors. 

 The trigeminal refl exes mediated by A   - mediated fi bres are 
useful in the diagnosis of trigeminal pain disorders as they 
are abnormal in patients with structural damage, in 
conditions such as trigeminal neuropathy and PHN, and 
normal in patients with classic trigeminal neuralgia (grade 
A). The cutaneous silent period is probably inadequate for 
neuropathic pain assessment (grade B). 

 Laser - evoked potentials are useful for assessing function of 
the A   - mediated fi bre pathways in patients with neuropathic 
pain (grade A). Other evoked potential techniques that do 
not use laser stimulators are not supported by evidence -
 based studies that demonstrate their diagnostic value. 

 The available evidence regarding evoked potentials for 
assessing the C - fi bre pathways (with any method of 
stimulation) is so far insuffi cient to make recommendations.  

  Functional  n euroimaging 

 Positron emission tomography (PET) and functional 
magnetic resonance imaging (fMRI) use different 
methods to measure cerebral blood fl ow or metabolic 
activity in defi ned brain regions. Activation studies 
investigate local synaptic changes specifi cally associated 
with a given task or a particular stimulus by comparing 
statistically activated and control conditions. Functional 
neuroimaging has disclosed a network of brain regions 
jointly activated by noxious stimuli (labelled  ‘ pain 
matrix ’ ). Activation of the lateral thalamus, SI - SII, 
and posterior insula are thought to be related to the 
sensory – discriminative aspects of pain processing, while 
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  Skin  b iopsy 

 A punch biopsy of the skin in the painful area allows 
immunostaining and visualisation of the intraepidermal 
terminals of A ä   and C nerve fi bres, and thus measure-
ment of the intra - epidermal nerve fi bre density (IENFD). 
Standardized counting rules for IENFD are required to 
obtain reproducible results (SR Class I;  [72, 73] ). In 
experienced centres, the sensitivity and specifi city of 
IENFD are 88% (SR Class I;  [72] , Class II;  [27] ). 

 In patients with painful feet and a normal nerve con-
duction study, a small - fi bre neuropathy can be demon-
strated by IENFD (Class II/III;  [27, 74 – 76] ). Several 
studies have investigated the correlation between skin 
biopsy fi ndings and other tests of small - fi bre function. 
Contact heat - evoked potentials correlated signifi cantly 
with IENFD (Class III;  [77] ). In small - fi bre neuropathy, 
the sensitivity of IENFD may be higher that that of QST 
(Class II/III;  [27, 75, 78] ) and LEPs (Class II;  [27] ). 
Although in patients with diabetic or HIV neuropathy, 
IENFD was inversely correlated with pain (Class III;  [75, 
79] ), in other conditions it was not (Class II;  [27] ). 

 Old and recent studies in PHN patients showed that 
IENFD in the area of pain is lower than in contralateral 
mirror - image skin (Class II;  [80, 81]) , and that the rela-
tive sparing of cutaneous innervation was associated with 
allodynia, thus suggesting that allodynia was related to 
the surviving  ‘ irritable ’  nociceptors (Class II;  [81, 82]) . 

 Quantitative and qualitative changes in skin innerva-
tion have been reported in CRPS (Class III/IV;  [83, 84] ).    

mid - anterior cingulate, posterior parietal, and prefrontal 
cortices participate in the affective and attentional con-
comitants of pain sensation  [57, 58] . In unilateral spon-
taneous neuropathic pain, moderate but converging 
evidence from independent groups indicates decreased 
resting rCBF in contralateral thalamus, and reversal of 
this abnormality by analgesic procedures (but only case 
reports or small series with fewer than than 20 patients; 
 [59 – 62] ).   Should this be confi rmed in larger series, 
thalamic hypoperfusion might be used in the future as a 
marker of neuropathic pain, and restoration of thalamic 
blood fl ow for treatment monitoring. In patients with 
provoked neuropathic pain, allodynia and hyperalgesia 
have been associated with amplifi cation of the thalamic, 
insular, SI, SII, and prefrontal - orbitofrontal responses, 
but not anterior - perigenual cingulate  [58, 62 – 65] . Neu-
ropathic allodynia has been shown to enhance insular 
activity ipsilateral to pain  [64, 66, 67]  suggesting that a 
shift in hemispheric balance might contribute to the allo-
dynic experience. Again, the total number of reported 
patients ( n   80) is still too small to support any diagnostic 
application; however, neuropathic allodynia has shown a 
different activation pattern than non - neuropathic allo-
dynia (e.g. CRPS - I;  [68] ), which may open diagnostic 
perspectives. Opioid - receptor imaging has demonstrated 
different abnormalities in central and peripheral neuro-
pathic pain  [69 – 71]  but the predictive value of these fi nd-
ings remains unknown. Assessing the effect of analgesic 
drugs on pain - related brain activity will provide a better 
understanding of pain and analgesia and hence the devel-
opment of novel therapeutic strategies. 

 However, data in patients are still scarce and in most 
studies examiners were unblinded. Hence no graded rec-
ommendation could be drawn in the frame of the EFNS 
classifi cation for diagnostic procedures. The comments 
below represent our expert opinion.    

 Recommendations 
    Studies in neuropathic pain patients have lagged far 
behind equivalent studies in acute pain. There is converging 
evidence that chronic spontaneous neuropathic pain is 
associated with decreased activity in the contralateral 
thalamus, whereas provoked neuropathic pain is associated 
with increased activity in the thalamic, insular, and 
somatosensory regions. In view of the potential relevance of 
these data, we encourage functional neuroimaging studies 
in patients with neuropathic pain.  

 Recommendations 
    Skin biopsy should be performed in patients with painful/
burning feet of unknown origin and clinical impression of 
small - fi bre dysfunction (grade B). In PHN, skin innervation is 
reduced (grade B), and higher numbers of preserved fi bres 
are associated with allodynia (grade B). IENFD shows only a 
weak negative correlation with the severity of pain, and 
cannot be used to measure pain in individual patients 
(grade C).  

  Conclusions 

 The majority of previous recommendations were rein-
forced by recent studies. The new defi nition of neuro-
pathic pain and the diagnostic grading system will 
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probably lead to more accurate diagnosis in clinical prac-
tice and research studies. History and bedside examina-
tion are still fundamental to a correct diagnosis. The 
previous lack of questionnaires and screening tools 
explicitly dedicated to neuropathic pain has been resolved 
by a number of new validated tools. Laboratory tech-
niques methods that were restricted to research, such as 
QST, LEPs, and IEFND, are being used more widely in 
clinical practice and trials. Among these methods of 
assessment, QST is the best for provoked pains and the 
response to treatment, LEPs are the best for A ä  pathways, 
and IEFND for C - fi bre loss in distal axonal neuropathies 
(table  8.1 ).   
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Committee and the ESO (see Appendix  ). The members 
of the Writing Group met in Heidelberg, Germany, for 3 
days in December 2007 to fi nalize the new recommenda-
tions. The members of the Writing Committee were 
assigned to six groups covering different topics. Each 
group was co - chaired by two colleagues, and included up 
to fi ve further experts. To avoid bias or confl ict of interest 
none of the chairs had major involvement in clinical trials 
or studies discussed in their respective group. In addition, 
a detailed confl ict of interest disclosure form is on fi le 
with the editor of the  European Journal of Neurology  and 
attached to the electronic version of this article. However, 
due to the large number of authors, the detailed disclo-
sures are not listed in the printed article. 

 These guidelines cover both ischaemic stroke and tran-
sient ischaemic attacks (TIAs), which are now considered 
to be a single entity. If recommendations differ for the 
two conditions, this will be explicitly mentioned; other-
wise the recommendations are valid for both conditions. 
Separate guidelines exist or are being prepared for 
intracerebral haemorrhage  [3]  and subarachnoid haem-
orrhage. The classes of evidence and levels of recommen-
dations used in these guidelines are defi ned according 
to the criteria of the European Federation of Neurologi-
cal Societies (EFNS) (table  9.1 , table  9.2 ). The article 
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   Preface 

 This article represents the update of the European Stroke 
Initiative (EUSI) Recommendations for Stroke Manage-
ment, which were fi rst published in 2000  [1, 2]  and sub-
sequently translated into a number of languages, including 
Spanish, Portuguese, Italian, German, Greek, Turkish, 
Lithuanian, Polish, Russian, and Mandarin Chinese. The 
fi rst update of the recommendations was published in 
2003  [2] . In 2006, the EUSI decided that a larger group 
of authors should prepare the next update. In the mean-
time, a new European Stroke Society, the European 
Stroke Organisation (ESO), was established and took 
over the task of updating the guidelines. Accordingly, the 
new recommendations have been prepared by members 
of both the former EUSI Recommendations Writing 

     *   The authors have prepared this guideline on behalf of the 
European Stroke Organisation (ESO) Executive Committee and 
the ESO Writing Committee  

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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  Table 9.1    Classifi cation of evidence for diagnostic and for therapeutic measures (from  [583] ). 

        Evidence classifi cation scheme for a diagnostic 
measure  

   Evidence classifi cation scheme for a therapeutic 
intervention  

  Class I    A prospective study in a broad spectrum of persons 
with the suspected condition, using a  ‘ gold 
standard ’  for case defi nition, where the test is 
applied in a blinded evaluation, and enabling the 
assessment of appropriate tests of diagnostic 
accuracy  

  An adequately powered, prospective, randomized, 
controlled clinical trial with masked outcome 
assessment in a representative population or an 
adequately powered systematic review of prospective 
randomized controlled clinical trials with masked 
outcome assessment in representative populations. 
The following are required: 
  a.     randomization concealment  
  b.     primary outcome(s) is/are clearly defi ned  
  c.     exclusion/inclusion criteria are clearly defi ned  
  d.     adequate accounting for dropouts and crossovers 

with numbers suffi ciently low to have a minimal 
potential for bias; and  

  e.     relevant baseline characteristics are presented and 
substantially equivalent among treatment groups 
or there is appropriate statistical adjustment for 
differences     

  Class II    A prospective study of a narrow spectrum of 
persons with the suspected condition, or a 
well - designed retrospective study of a broad 
spectrum of persons with an established condition 
(by  ‘ gold standard ’ ) compared to a broad 
spectrum of controls, where test is applied in a 
blinded evaluation, and enabling the assessment 
of appropriate tests of diagnostic accuracy  

  Prospective matched - group cohort study in a 
representative population with masked outcome 
assessment that meets a – e above or a randomized, 
controlled trial in a representative population that 
lacks one criterion a – e  

  Class III    Evidence provided by a retrospective study where 
either persons with the established condition or 
controls are of a narrow spectrum, and where 
test is applied in a blinded evaluation  

  All other controlled trials (including well - defi ned natural 
history controls or patients serving as own controls) 
in a representative population, where outcome 
assessment is independent of patient treatment  

  Class IV    Evidence from uncontrolled studies, case series, case 
reports, or expert opinion  

  Evidence from uncontrolled studies, case series, case 
reports, or expert opinion  

  Table 9.2    Defi nitions for levels of recommendation (from  [583] ). 

  Level A    Established as useful/predictive or not useful/predictive for a diagnostic measure or established as 
effective, ineffective or harmful for a therapeutic intervention; requires at least one convincing Class I 
study or at least two consistent, convincing Class II studies  

  Level B    Established as useful/predictive or not useful/predictive for a diagnostic measure or established as 
effective, ineffective, or harmful for a therapeutic intervention; requires at least one convincing Class II 
study or overwhelming Class III evidence  

  Level C    Established as useful/predictive or not useful/predictive for a diagnostic measure or established as 
effective, ineffective or harmful for a therapeutic intervention; requires at least two Class III studies  

  Good Clinical Practice 
(GCP) points  

  Recommended best practice based on the experience of the guideline development group. Usually based 
on Class IV evidence indicating large clinical uncertainty, such GCP points can be useful for health 
workers  
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     The  ‘ time is brain ’  concept means that treatment of 
stroke should be considered as an emergency. Thus, 
avoiding delay should be the major aim in the pre - 
hospital phase of acute stroke care. This has far - reaching 
implications in terms of recognition of signs and symp-
toms of stroke by the patient or by relatives or bystand-
ers, the nature of fi rst medical contact, and the means of 
transportation to hospital. 

 Delays during acute stroke management have been 
identifi ed at different levels  [20] : 
   •      at the population level, due to failure to recognize the 
symptoms of stroke and contact emergency services  
   •      at the level of the emergency services and emergency 
physicians, due to a failure to prioritize transport of 
stroke patients  
   •      at the hospital level, due to delays in neuroimaging and 
ineffi cient in - hospital care.    
 A large amount of time is lost outside the hospital  [21] : 
for stroke patients at a Portuguese university hospital this 
accounted for 82% of the delay in treatment  [22] . Studies 
that identify demographic, social, cultural, behavioural, 
and clinical factors associated with longer pre - hospital 
time may provide targets for educational campaigns 
 [23, 24] . 

 The interval from symptom onset to fi rst call for 
medical help is the predominant part of pre - hospital 
delay  [25 – 28] . Major reasons for delayed contact include 
lack of awareness of stroke symptoms and recognition of 
their severity, but also denial of the disease and the hope 
that symptoms would resolve. This suggests that educat-
ing the population to recognize stroke symptoms, and 
changing people ’ s attitudes to acute stroke, may reduce 
the delay from stroke onset to emergency medical service 
(EMS) involvement. 

 Medical attention is rarely sought by the patient: in 
many cases contact is initially made by a family member 
 [28 – 30] . Information and educational initiatives should 
therefore be directed both to persons at high risk of 
stroke and also to those around them. 

 Stroke awareness depends on demographic and socio -
 cultural factors, and on personal medical knowledge. 
Knowledge of stroke warning signs varies considerably, 
depending on the symptoms, and is dependent on the 
way questions are asked (e.g. open - ended or multiple -
 choice questions  [31, 32] ). 

 While most people agree that stroke is an emergency, 
and that they would seek medical help immediately, in 

covers referral and emergency management, Stroke Unit 
service, diagnostics, primary and secondary prevention, 
general stroke treatment, specifi c treatment including 
acute management, management of complications, and 
rehabilitation.   

 Changes in the guidelines necessitated by new evi-
dence will be continuously incorporated in the online 
version that can be found on the ESO website ( eso -
 stroke.org ). The reader is advised to check the online 
version when making important treatment decisions.  

  Introduction 

 Stroke is one of the leading causes of morbidity and 
mortality worldwide  [4] . Large differences in incidence, 
prevalence, and mortality have been noted between 
Eastern and Western Europe. This has been attributed to 
differences in risk factors, with higher levels of hyperten-
sion and other risk factors resulting in more severe stroke 
in Eastern Europe  [5] . Notable regional variations have 
also been found within Western Europe. Stroke is the 
most important cause of morbidity and long - term dis-
ability in Europe, and demographic changes will result in 
an increase in both incidence and prevalence. It is also 
the second most common cause of dementia, the most 
frequent cause of epilepsy in the elderly, and a frequent 
cause of depression  [6, 7] . 

 Many guidelines and recommendations for stroke 
management or specifi c aspects of stroke care have been 
published during the past decade  [2, 8 – 18] . Most recently, 
the updated Helsingborg Declaration focused on stan-
dards of stroke care and research needs in Europe  [19] . 
In the future, the global harmonization of stroke guide-
lines will be the focus of the World Stroke Organisation, 
supported by the ESO and other national and regional 
stroke societies.  

  Public  a wareness and  e ducation 

 Recommendations 
        •      Educational programmes to increase awareness of stroke at 

the population level are recommended (Class II, Level B).  

   •      Educational programmes to increase stroke awareness 
among professionals (paramedics/emergency physicians) 
are recommended (Class II, Level B).     
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overcome such heterogeneity and to increase the number 
of specialists available for stroke care, some countries 
(e.g. France, UK) have developed and implemented 
national curricula. In contrast, other countries rely on 
training specialization within neurology training pro-
grammes. With a view towards harmonization of train-
ing, a European Masters ’  Programme for Stroke Medicine 
( www.donau - uni.ac.at/en/studium/strokemedicine/
index.php ) and annual Stroke Summer Schools ( www.
eso - stroke.org ), have been established.  

  Referral and  p atient  t ransfer 

reality only up to 50% call EMS. In many cases the fi rst 
contact is with a family member or with a general prac-
titioner; in some studies between 45% and 48% of 
patients were referred via a general practitioner  [29, 
33 – 36] . 

 Most studies show that only approximately 33 – 50% of 
patients recognize their own symptoms as stroke. There 
are considerable discrepancies between theoretical 
knowledge of stroke and the reaction in case of an acute 
stroke. Some studies have shown that patients with better 
knowledge of stroke symptoms do not always arrive 
earlier at hospital. 

 The most frequently used sources of stroke informa-
tion are mass media  [37 – 39]  and friends and relatives 
who have knowledge of stroke; only rarely is information 
derived from general practitioners or books  [40 – 44] . The 
sources accessed vary with age: older people more often 
obtain information from health campaigns or their 
general practitioner, whereas younger people gain more 
information from TV  [38 – 40] . 

 Interventional studies have measured the effect of edu-
cation on stroke knowledge. Eight non - randomized 
studies measured the impact of educational measures on 
pre - hospital time delay or thrombolysis use  [45 – 52] . In 
six studies, the intervention was a combined educational 
programme directed at the public, paramedics, and 
health professionals, while in two studies education was 
directed only to the population. Only the TLL Temple 
Foundation Stroke Project included a concurrent control 
group  [50, 51] . All studies had a pre - post design. Throm-
bolysis usage increased after education in the interven-
tion group of the TLL study, but only for up to 6 months 
after intervention ended  [51] . This suggests that public 
education has to be maintained to sustain stroke aware-
ness in the population. 

 Education should also be directed to paramedics and 
emergency department (ED) staff to improve the accu-
racy of stroke identifi cation and speed up transfer to the 
hospital  [53] . Education of paramedics increases stroke 
knowledge, clinical skills, and communication skills, and 
decreases prehospital delays  [54] . 

 Educating medical students in basic stroke knowledge 
during their fi rst year at medical school has been shown 
to be associated with a high degree of knowledge reten-
tion  [55] . The value of postgraduate training is univer-
sally acknowledged, but training programmes for stroke 
specialists are still heterogeneous throughout Europe. To 

 Recommendations 
        •      Immediate EMS contact and priority EMS dispatch are 

recommended (Class II, Level B).  

   •      Priority transport with advance notifi cation to the receiving 
hospital (outside and inside hospital) is recommended 
(Class III, Level B).  

   •      It is recommended that suspected stroke victims should be 
transported without delay to the nearest medical centre 
with a stroke unit that can provide ultra - early treatment 
(Class III, Level B).  

   •      It is recommended that dispatchers and ambulance 
personnel be trained to recognize stroke using simple 
instruments such as the Face – Arm – Speech – Test (Class IV, 
GCP).  

   •      Immediate emergency room triage, clinical, laboratory and 
imaging evaluation, accurate diagnosis, therapeutic 
decision, and administration of appropriate treatments at 
the receiving hospital are recommended (Class III, Level B).  

   •      It is recommended that in remote or rural areas helicopter 
transfer should be considered in order to improve access 
to treatment (Class III, Level C).  

   •      It is recommended that in remote or rural areas 
telemedicine should be considered in order to improve 
access to treatment (Class II, Level B).  

   •      It is recommended that patients with suspected TIA be 
referred without delay to a TIA clinic or to a medical 
centre with a stroke unit that can provide expert 
evaluation and immediate treatment (Class III, Level B).     

     Successful care of the acute stroke victim begins with the 
recognition by both the public and health professionals 
 [56]  that stroke is an emergency, like acute myocardial 
infarction or trauma. However, in practice the majority 
of ischaemic stroke patients do not receive recombinant 
tissue plasminogen activator (rtPA) because they do not 
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used a before - and - after intervention design, were neither 
randomized nor masked with respect to intervention or 
evaluation of outcome, and lacked concurrent controls 
 [23, 53] . The types of intervention included education 
and training programmes, helicopter transfer, telemedi-
cine, and reorganization of pre - hospital and in - hospital 
protocols for acute stroke patients. 

 Direct presentation to the ED via ambulance or EMS 
transportation is the fastest way of referral  [28, 53, 63 –
 65] . Helicopter transport can reduce the time between 
referral and hospital arrival  [66, 67] , and also promotes 
access to thrombolytic therapy in remote and rural areas 
 [68] . In mixed rural and urban areas, air and ground 
distances can be compared using simple rules  [69] . No 
studies have compared air and ground transport specifi -
cally in stroke patients. In one study, predominantly in 
trauma patients, ground ambulances provided shorter 
arrival times at distances less than 10 miles (  16   km) 
from the hospital; even with only short delays in des-
patching air transport, air was faster only for distances 
longer than 45 miles (  72   km)  [70] . One economic study 
showed that helicopter transfer of patients with sus-
pected acute ischaemic stroke for potential thrombolysis 
is cost - effective  [71] . 

 Telemedicine using bidirectional video - conferencing 
equipment to provide health services or assist health care 
personnel at distant sites is a feasible, valid, and reliable 
means of facilitating thrombolysis delivery to patients in 
distant or rural hospitals, where timely air or ground 
transportation is not feasible. The quality of treatment, 
complication rates, and short -  and long - term outcomes 
are similar for acute stroke patients treated with rtPA via 
a telemedicine consultation at local hospitals and those 
treated in academic centres  [72 – 81] . 

 Activation of the stroke code as a special infrastructure 
with immediate calling of a stroke neurologist at a stroke 
unit and priority transfer of the patients to this centre is 
effective in increasing the percentage of patients treated 
with thrombolysis, and also in shortening pre - hospital 
delays  [82, 83] . 

 Recent community and hospital - based studies demon-
strated a high risk of stroke immediately after a TIA  [6, 
84] . Observational studies showed that urgent evaluation 
at a TIA clinic and immediate initiation of treatment 
reduces stroke risk after TIA  [85, 86] . This underlines the 
need for urgent referral of TIA for expert evaluation and 
immediate treatment.  

reach the hospital soon enough  [22, 36, 57, 58] . Emer-
gency care of the acute stroke victim depends on a four -
 step chain: 
   •      rapid recognition of, and reaction to, stroke signs and 
TIAs  
   •      immediate EMS contact and priority EMS dispatch  
   •      priority transport with notifi cation of the receiving 
hospital  
   •      immediate emergency room triage, clinical, laboratory 
and imaging evaluation, accurate diagnosis, and admin-
istration of appropriate treatments at the receiving 
hospital.    
 Once stroke symptoms are suspected, patients or their 
proxies should call EMS. The EMS system should have 
an electronic validated algorithm of questions to diag-
nose stroke during the phone interview  [33, 59] . The 
ambulance dispatchers and paramedics should be able to 
diagnose stroke using simple instruments such as the 
Face – Arm – Speech – Test  [60] . They should also be able to 
identify and provide appropriate help for patients who 
need urgent care because of early complications or 
comorbidities of stroke, such as impaired consciousness, 
seizures, vomiting, or haemodynamic instability. 

 Suspected stroke victims should be transported 
without delay to the nearest medical centre with a stroke 
unit that can provide ultra - early treatment. Patients with 
onset of stroke symptoms within 3   h should be given 
priority in evaluation and transportation  [20] . In each 
community, a network of stroke units or, if stroke units 
are not yet available, a network of medical centres pro-
viding organized acute stroke care should be imple-
mented and publicized to the general population, health 
professionals, and the emergency transport systems 
 [61, 62] . 

 If a doctor receives a call or consultation from a patient 
with suspected stroke, they should recommend or 
arrange transportation, preferably through the EMS 
system, to the nearest hospital with a stroke unit provid-
ing organized acute stroke care and ultra - early treatment. 
Ambulance dispatchers should inform the stroke unit 
and describe the patient ’ s clinical status. Proxies who can 
describe symptom onset or the patient ’ s medical history 
should accompany the patient. 

 Few intervention studies have examined the impact of 
decreasing the delay from symptom onset to arrival at the 
hospital and making ultra - early treatment accessible for 
a larger proportion of patients. Most such studies have 



106 SECTION 2  Major Neurological Diseases

tion between EMS, ED staff, radiologists, clinical labora-
tories, and neurologists are important for rapid delivery 
of treatment  [11, 90, 91] . Integrating EMS and ED staff 
was found to increase the use of thrombolysis  [92] . Hos-
pitals where patients are not delivered directly to a stroke 
unit should implement a system allowing the ED to pre -
 notify the acute stroke team as soon as possible. Rou-
tinely informing ED physicians or stroke physicians 
during transport has been shown to be associated with 
reduced in - hospital delay  [82, 93 - 95] , increased use of 
thrombolysis  [92, 93] , decreased length of hospital stay 
 [95] , and decreased in - hospital mortality  [92] . 

 A stroke recognition instrument with high diagnostic 
accuracy is necessary for rapid triage  [96] ; stroke mimics 
such as migraine and seizure might be a problem  [97, 
98] . Stroke recognition instruments such as Face – Arm –
 Speech – Test and Recognition of Stroke in the Emergency 
Room (ROSIER) can assist the correct recognition of 
stroke by ED personnel  [60, 97, 99] . 

 A neurologist or stroke physician should be involved 
in the acute care of stroke patients and available in the 
ED  [98] . Comparing neurologist care to non - neurologist 
care, two studies in the USA found that neurologists 
perform more extensive and costly testing, but that their 
patients had lower in - hospital and 90 - day mortality rates, 
and were less dependent on discharge  [100, 101] . 
However, this might not be true for other contries such 
as the UK, where most stroke physicians are not neurolo-
gists, but are still highly skilled in management of patients 
with TIA and stroke. 

 Reorganization of stroke wards can help to avoid bot-
tlenecks and unnecessary in - hospital transport. Brain 
imaging facilities should be relocated in or next to the 
stroke unit or the ED, and stroke patients should have 
priority access  [90] . Neuroradiologists should be notifi ed 
as early as possible  [90] . In a Finnish study, in - hospital 
delays were decreased considerably by moving the CT 
scanner close to the ED and by implementing a pre -
 notifying system  [94] . Thrombolysis should be started in 
the CT room or in the vicinity of the scanner. Finally, an 
arteriography suite should be readily accessible if endo-
vascular treatment is required. 

 Written care protocols for acute stroke patients should 
be available; centres using such protocols were found to 
have higher thrombolysis rates  [92] . Implementing a 
continuous quality improvement scheme can also dimin-
ish in - hospital delays  [81, 102] . Benchmarks should be 

  Emergency  m anagement 

 Recommendations 
        •      Organization of pre - hospital and in - hospital pathways and 

systems for acute stroke patients is recommended (Class 
III, Level C).  

   •      Ancillary tests, as outlined in table  9.3 , are recommended 
(Class IV, GCP).       

     In - hospital delay may account for 16% of total time lost 
between stroke onset and computed tomography (CT) 
 [22] . Reasons for in - hospital delays are: 
   •      a failure to identify stroke as an emergency  
   •      ineffi cient in - hospital transport  
   •      delayed medical assessment  
   •      delay in imaging  
   •      uncertainty in administering thrombolysis  [20, 21, 24] .    
 Stroke care pathways may allow care to be organized 
more effectively, although a meta - analysis  [87]  did not 
support their routine implementation. Such pathways 
may reduce delays in door - to - medical department time, 
door - to - imaging time  [88, 89] , door - to - needle time  [89]  
and, where appropriate, door - to - arteriography time. 

 Acute stroke care has to integrate EMS, ED staff, and 
stroke care specialists. Communication and collabora-

  Table 9.3    Emergency diagnostic tests in acute stroke patients. 

   In all patients   
   1     Brain imaging: CT or MRI  
   2     ECG  
   3      Laboratory tests  

 Complete blood count and platelet count, prothrombin 
time or INR, partial thrombin time (PTT) 

 Serum electrolytes, blood glucose 
 C - reactive protein (CRP) or sedimentation rate 
 Hepatic and renal chemical analysis  

   When indicated   
   4     Extracranial and transcranial Duplex/Doppler ultrasound  
   5     MRA or CTA  
   6     Diffusion and perfusion MR or perfusion CT  
   7     Echocardiography (transthoracic and/or transoesophageal)  
   8     Chest X - ray  
   9     Pulse oximetry and arterial blood gas analysis  

   10     Lumbar puncture  
   11     EEG  
   12     Toxicology screen  
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  Providing  s troke  s ervices 
 All acute stroke patients require specialist multidisci-
plinary care delivered in a stroke unit, and selected 
patients will require additional high - technology inter-
ventions. Health services need to establish the infrastruc-
ture to deliver these interventions to all patients who 
require them: the only reason for excluding patients from 
stroke units is if their condition does not warrant active 
management. Recent consensus documents  [11, 105]  
have defi ned the roles of primary and comprehensive 
stroke centres (table  9.4 ).   

  Primary stroke centres  are defi ned as centres with the 
necessary staffi ng, infrastructure, expertise, and pro-
grammes to provide appropriate diagnosis and treatment 
for most stroke patients. Some patients with rare disor-
ders, complex stroke, or multi - organ disease may need 
more specialized care and resources that are not available 
in primary stroke centres. 

  Comprehensive stroke centres  are defi ned as centres that 
provide both appropriate diagnosis and treatment for 
most stroke patients, and also high - technology medical 
and surgical care (new diagnostic and rehabilitation 
methods, specialized tests, automatic monitoring of mul-
tiple physiological parameters, interventional radiology, 
vascular surgery, neurosurgery). 

 The organization of clinical networks using telemedi-
cine is recommended to facilitate treatment options not 
previously available at remote hospitals. Administration 
of rtPA during telemedicine consultations is feasible and 
safe  [106] . Clinical networks using telemedicine systems 
achieve increased use of rtPA  [80, 107]  and better stroke 
care and clinical outcomes  [80] .  

  Stroke  u nit  c are 
 An updated systematic review has confi rmed signifi cant 
reductions in death (3% absolute reduction), depen-
dency (5% increase in independent survivors), and the 
need for institutional care (2% reduction) for patients 
treated in a stroke unit, compared with those treated in 
general wards. All types of patients, irrespective of gender, 
age, stroke subtype, and stroke severity, appear to benefi t 
from treatment in stroke units  [61, 108] . These results 
have been confi rmed in large observational studies of 
routine practice  [109 – 111] . Although stroke unit care is 
more costly than treatment on general neurological or 
medical wards, it reduces post - acute inpatient care costs 
 [112, 113]  and is cost - effective  [114 – 117] . 

defi ned and measured for individual institutions, and 
have recently been developed for regional networks and 
countries. As a minimum requirement, door - to - imaging 
and door - to - treatment times should be monitored. 

 While only a minority of stroke patients present in an 
immediately life - threatening condition, many have sig-
nifi cant physiological abnormalities or comorbidities. 
Symptoms and signs that may predict later complications 
such as space - occupying infarction, bleeding, or recur-
rent stroke, and medical conditions such as hypertensive 
crisis, co - existing myocardial infarction, aspiration 
pneumonia, or cardiac and renal failure, must be recog-
nized early. Stroke severity should be assessed by trained 
staff using the National Institutes of Health Stroke Scale 
(NIHSS)  [103] . 

 Initial examination should include: 
   •      observation of breathing and pulmonary function  
   •      early signs of dysphagia, preferably with a validated 
assessment form  [104]   
   •      evaluation of concomitant heart disease  
   •      assessment of blood pressure (BP) and heart rate  
   •      determination of arterial oxygen saturation using 
infrared pulse oximetry if available.    
 Simultaneously, blood samples for clinical chemistry, 
glucose, coagulation, and haematology studies should be 
drawn, and a venous line inserted. The examination 
should be supplemented by a medical history that 
includes risk factors for stroke and cardiac disease, medi-
cations, conditions that may predispose to bleeding com-
plications, and markers for stroke mimics. A history of 
drug abuse, oral contraceptive use, infection, trauma, or 
migraine may give important clues, particularly in young 
patients.  

  Stroke  s ervices and  s troke  u nits     

 Recommendations 
        •      It is recommended that all stroke patients should be 

treated in a stroke unit (Class I, Level A).  

   •      It is recommended that healthcare systems ensure that 
acute stroke patients have access to high technology 
medical and surgical stroke care when required (Class III, 
Level B).  

   •      The development of clinical networks, including 
telemedicine, is recommended to expand access to 
high - technology specialist stroke care (Class II, Level B).     
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teams, which offer stroke care and treatment in a number 
of wards, probably do not infl uence important outcomes 
and cannot be recommended  [120] . Such teams have 
usually been established in hospitals where stroke units 
were not available. 

 The stroke unit should be of suffi cient size to provide 
specialist multidisciplinary care for the whole duration of 
hospital admission. Smaller hospitals may achieve this 
with a single comprehensive unit, but larger hospitals 
may require a pathway of care incorporating separate 
acute and rehabilitation units.   

  Diagnostics 

  Diagnostic  i maging 

 A stroke unit consists of a discrete area of a hospital 
ward that exclusively or nearly exclusively takes care of 
stroke patients and is staffed by a specialist multidisci-
plinary team  [61] . The core disciplines of the team are 
medicine, nursing, physiotherapy, occupational therapy, 
speech and language therapy, and social work  [118] . The 
multidisciplinary team should work in a co - ordinated 
way through regular meetings to plan patient care. Pro-
grammes of regular staff education and training should 
be provided  [118] . The typical components of stroke unit 
care in stroke unit trials  [118]  were: 
   •      medical assessment and diagnosis, including imaging 
(CT, magnetic resonance imaging [MRI]), and early 
assessment of nursing and therapy needs  
   •      early management, consisting of early mobilization, 
prevention of complications, and treatment of hypoxia, 
hyperglycaemia, pyrexia, and dehydration  
   •      ongoing rehabilitation, involving co - ordinated multi-
disciplinary team care, and early assessment of needs 
after discharge.    
 Both acute and comprehensive stroke units admit 
patients acutely and continue treatment for several days. 
Rehabilitation stroke units admit patients after 1 – 2 weeks 
and continue treatment and rehabilitation for several 
weeks if necessary. Most of the evidence for effectiveness 
comes from trials of comprehensive stroke units and 
rehabilitation stroke units  [61, 119] . Mobile stroke 

 Recommendations 
        •      In patients with suspected TIA or stroke, urgent cranial CT 

(Class I), or alternatively MRI (Class II), is recommended 
(Level A).  

   •      If MRI is used, the inclusion of diffusion - weighted imaging 
(DWI) and T2 *  - weighted gradient echo sequences is 
recommended (Class II, Level A).  

   •      In patients with TIA, minor stroke, or early spontaneous 
recovery immediate diagnostic work - up, including urgent 
vascular imaging (ultrasound, CT - angiography, or MR 
angiography) is recommended (Class I, Level A).     

  Table 9.4    Recommended requirements for centres managing acute stroke patients. 

   Primary stroke centre     Comprehensive stroke centre  

  Availability of 24 - h CT scanning    MRI/MRA/CTA  
  Established stroke treatment guidelines and operational procedures, 

including i.v. rtPA protocols 24/7  
  Transoesophageal echocardiography  

  Close co - operation of neurologists, internists and rehabilitation experts    Cerebral angiography  
  Specially trained nursing personnel    Transcranial Doppler sonography  
  Early multidisciplinary stroke unit rehabilitation including speech 

therapy, occupational therapy, and physical therapy  
  Extracranial and intracranial colour - coded duplex sonography  

  Neurosonological investigations within 24   h (extracranial doppler 
sonography)  

  Specialized neuroradiological, neurosurgical and vascular 
surgical consultation (including telemedicine networks)  

  Transthoracic echocardiography    Carotid surgery  
  Laboratory examinations (including coagulation parameters)    Angioplasty and stenting  
  Monitoring of blood pressure, ECG, oxygen saturation, blood glucose, 

body temperature  
  Automated monitoring of pulse oximetry, blood pressure  

  Automated ECG monitoring at bedside    Established network of rehabilitation facilities to provide a 
continuous process of care, including collaboration with 
outside rehabilitation centre  
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haemorrhagic stroke within the fi rst 5 – 7 days  [126 – 128] . 
Immediate CT scanning is the most cost - effective strategy 
for imaging acute stroke patients  [129] , but is not sensi-
tive for old haemorrhage. Overall, CT is less sensitive than 
MRI, but equally specifi c, for early ischaemic changes 
 [130] . Two - thirds of patients with moderate to severe 
stroke have visible ischaemic changes within the fi rst few 
hours  [130 – 134] , but no more than 50% of patients with 
minor stroke have a visible relevant ischaemic lesion on 
CT, especially within the fi rst few hours of stroke  [135] . 
Training in identifi cation of early ischaemic changes on 
CT  [134, 136, 137] , and the use of scoring systems  [133] , 
improve detection of early ischaemic changes. 

 Early CT changes in ischaemic stroke include 
decreases in tissue X - ray attenuation, tissue swelling 
with effacement of cerebrospinal fl uid spaces, and arte-
rial hyperattenuation, which indicates the presence of 
intraluminal thrombus with high specifi city  [138] . CT is 
highly specifi c for the early identifi cation of ischaemic 
brain damage  [131, 139, 140] . The presence of early 
signs of ischaemia on CT should not exclude patients 
from thrombolysis within the fi rst 3   h, though patients 
with a hypoattenuating ischaemic lesion which exceeds 
one - third of the middle cerebral artery (MCA) territory 
may benefi t less from thrombolysis  [125, 133, 134, 141, 
142] . 

 Some centres prefer to use MRI as fi rst - line routine 
investigation for acute stroke. MRI with diffusion -
 weighted imaging (DWI) has the advantage of higher 
sensitivity for early ischaemic changes than CT  [130] . 
This higher sensitivity is particularly useful in the diag-
nosis of posterior circulation stroke and lacunar or small 
cortical infarctions. MRI can also detect small and old 
haemorrhages for a prolonged period with T2 *  (gradient 
echo) sequences  [143] . However, DWI can be negative in 
patients with defi nite stroke  [144] . 

 Restricted diffusion on DWI, measured by the appar-
ent diffusion coeffi cient (ADC), is not 100% specifi c for 
ischaemic brain damage. Although abnormal tissue on 
DWI often proceeds to infarction it can recover, which 
indicates that DWI does not show only permanently 
damaged tissue  [145, 146] . Tissue with only modestly 
reduced ADC values may be permanently damaged; there 
is as yet no reliable ADC threshold to differentiate dead 
from still viable tissue  [147, 148] . Other MRI sequences 
(T2, FLAIR, T1) are less sensitive in the early detection 
of ischaemic brain damage. 

     Imaging of the brain and supplying vessels is crucial in 
the assessment of patients with stroke and TIA. Brain 
imaging distinguishes ischaemic stroke from intracranial 
haemorrhage and stroke mimics, and identifi es the type 
and often also the cause of stroke; it may also help to 
differentiate irreversibly damaged tissue from areas that 
may recover, thus guiding emergency and subsequent 
treatment, and may help to predict outcome. Vascular 
imaging may identify the site and cause of arterial 
obstruction, and identifi es patients at high risk of stroke 
recurrence. 

  General  p rinciples 
 Stroke victims should have clear priority over other 
patients for brain imaging, because time is crucial. In 
patients with suspected TIA or stroke, general and neu-
rological examination followed by diagnostic brain 
imaging must be performed immediately on arrival at 
the hospital so that treatment can be started promptly. 
Investigation of TIA is equally urgent, because up to 
10% of these patients will suffer stroke within the next 
48   h. Immediate access to imaging is facilitated by pre -
 hospital notifi cation and good communication with 
the imaging facility: stroke services should work closely 
with the imaging department to plan the best use of 
resources. 

 Diagnostic imaging must be sensitive and specifi c in 
detecting stroke pathology, particularly in the early phase 
of stroke. It should provide reliable images, and should 
be technically feasible in acute stroke patients. Rapid, 
focused neurological assessment is helpful to determine 
which imaging technique should be used. Imaging tests 
should take into account the patient ’ s condition  [121] ; 
for example, up to 45% of patients with severe stroke 
may not tolerate MR examination because of their 
medical condition and contraindications  [122 – 124] .  

  Imaging in  p atients with  a cute  s troke 
 Patients admitted within 3   h of stroke onset may be can-
didates for intravenous (i.v.) thrombolysis  [125] ; CT is 
usually suffi cient to guide routine thrombolysis. Patients 
arriving later may be candidates for trials testing extended 
time windows for thrombolysis or other experimental 
reperfusion strategies. 

 Plain CT is widely available, reliably identifi es most 
stroke mimics, and distinguishes acute ischaemic from 
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mismatch, up to 50% of patients without mismatch may 
also have infarct growth and so might benefi t from tissue 
salvage  [152, 162] . The  ‘ imaging/clinical ’  mismatch, i.e. 
the mismatch between the extent of the lesion seen on 
DWI or CT and the extent of the lesion as expected from 
the severity of the neurological defi cit, has produced 
mixed results  [163, 164] . Hence, neither perfusion 
imaging with CT or MRI nor the mismatch concept can 
be recommended for routine treatment decisions. 

 Microhaemorrhages are present on T2 *  MRI in up to 
60% of patients with haemorrhagic stroke, and are asso-
ciated with older age, hypertension, diabetes, leukoaraio-
sis, lacunar stroke, and amyloid angiopathy  [165] . The 
incidence of symptomatic intracranial haemorrhage fol-
lowing thrombolysis in ischaemic stroke patients was not 
increased in those having cerebral microbleeds on pre -
 treatment T2 *  - weighted MRI  [166] . 

 Vascular imaging should be performed rapidly 
to identify patients with tight symptomatic arterial ste-
nosis who could benefi t from endarterectomy or angio-
plasty. Non - invasive imaging with colour - coded duplex 
imaging of the extracranial and intracranial arteries, 
CT angiography (CTA), or contrast - enhanced MR angi-
ography (CE - MRA) is widely available. These approaches 
are relatively risk - free, whereas intra - arterial angiogra-
phy has a 1 – 3% risk of causing stroke in patients with 
symptomatic carotid lesions  [167, 168] . Digital sub-
traction angiography (DSA) may be needed in some cir-
cumstances, for example when other tests have been 
inconclusive. 

 Carotid ultrasound, MRA, and CTA visualise carotid 
stenosis. Systematic reviews and individual patient data 
meta - analysis indicate that CE - MRA is the most sensitive 
and specifi c non - invasive imaging modality for carotid 
artery stenosis, closely followed by Doppler ultrasound 
and CTA, with non - contrast MRA being the least reliable 
 [169, 170] . 

 Some data suggest that vertebrobasilar TIA and minor 
stroke is associated with a high risk of recurrent stroke 
 [171] . Extracranial vertebral ultrasound diagnosis is 
useful, but intracranial ultrasound of the vertebrobasilar 
system can be misleading due to low specifi city. Limited 
data suggest that CE - MRA and CTA offer better non -
 invasive imaging of the intracranial vertebral and basilar 
arteries  [172] . 

 Unlike other imaging modalities ultrasound is fast, 
non - invasive, and can be administered using portable 

 MRI is particularly important in acute stroke patients 
with unusual presentations, stroke varieties, and uncom-
mon aetiologies, or in whom a stroke mimic is suspected 
but not clarifi ed on CT. If arterial dissection is suspected, 
MRI of the neck with fat - suppressed T1 - weighted 
sequences is required to detect intramural haematoma. 

 MRI is less suited for agitated patients or for those who 
may vomit and aspirate. If necessary, emergency life 
support should be continued while the patient is being 
imaged, as patients (especially those with severe stroke) 
may become hypoxic while supine during imaging  [124] . 
The risk of aspiration is increased in the substantial pro-
portion of patients who are unable to protect their 
airway. 

 Perfusion imaging with CT or MRI and angiography 
may be used in selected patients with ischaemic stroke 
(e.g. unclear time window, late admission) to aid the 
decision on whether to use thrombolysis, although there 
is no clear evidence that patients with particular perfu-
sion patterns are more or less likely to benefi t from 
thrombolysis  [149 – 152] . Selected patients with intracra-
nial arterial occlusion may be candidates for intra - 
arterial thrombolysis, although there is only limited 
evidence to support this  [153, 154] . Patients with com-
bined obstructions of the internal carotid artery (ICA) 
and MCA have less chance of recovering with i.v. throm-
bolysis than patients with isolated MCA obstructions 
 [155] . In patients with MCA trunk occlusions, the fre-
quency of severe extracranial occlusive disease in the 
carotid distribution is high  [156, 157] . 

 Mismatch between the volume of brain tissue with 
critical hypoperfusion (which can recover after reperfu-
sion) and the volume of infarcted tissue (which does not 
recover even with reperfusion) can be detected with MR 
diffusion/perfusion imaging with moderate reliability 
 [158] , but this is not yet a proven strategy for improving 
the response to thrombolysis up to 9   h  [159] . There is 
disagreement on how to best identify irreversible isch-
aemic brain injury and to defi ne critically impaired blood 
fl ow  [149, 152, 160] . Quantifi cation of MR perfusion is 
problematic  [161] , and there are widely differing associa-
tions between perfusion parameters and clinical and 
radiological outcomes  [149] . Decreases in cerebral blood 
fl ow on CT are associated with subsequent tissue damage 
 [150, 151] , but the therapeutic value of CT perfusion 
imaging is not yet established. Although infarct expan-
sion may occur in a high proportion of patients with 
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used to identify patients at particularly high risk  [186] . 
Patients with minor non - disabling stroke and rapid 
spontaneous clinical recovery are also at high risk of 
recurrent stroke  [58] . 

 Patients with widely varying brain pathology may 
present with transient neurological defi cits indistin-
guishable from TIA. CT reliably detects some of these 
pathologies (e.g. intracerebral haemorrhage, subdural 
haematoma, tumours)  [129] , but others (e.g. multiple 
sclerosis, encephalitis, hypoxic brain damage, etc.) are 
better identifi ed on MRI, while others (e.g. acute meta-
bolic disturbances) are not visible at all. Intracranial 
haemorrhage is a rare cause of TIA. 

 Between 20 and 50% of patients with TIAs may have 
acute ischaemic lesions on DWI  [144, 188, 189] . These 
patients are at increased risk of early recurrent disabling 
stroke  [189] . However, there is currently no evidence 
that DWI provides better stroke prediction than clinical 
risk scores  [190] . The risk of recurrent disabling stroke 
is also increased in patients with TIA and an infarct on 
CT  [191] . 

 The ability of DWI to identify very small ischaemic 
lesions may be particularly helpful in patients presenting 
late or in patients with mild non - disabling stroke, in 
whom the diagnosis may be diffi cult to establish on clini-
cal grounds  [130] . T2 *  - MRI is the only reliable method 
to identify haemorrhages after the acute phase, when 
blood is no longer visible on CT  [143] .   

  Other  d iagnostic  t ests 
    

machines. It is therefore applicable to patients unable to 
co - operate with MRA or CTA  [157] . However, Doppler 
studies alone often provide only limited information, are 
investigator - dependent and require skilled operators, 
although they allow repeated measurements at the 
bedside. 

 Transcranial Doppler ultrasound (TCD) is useful for 
the diagnosis of abnormalities in the large cerebral arter-
ies at the base of the skull. However, between 7 and 20% 
of acute stroke patients, particularly elderly individuals 
and those from certain ethnic groups do not have an 
adequate acoustic window  [173, 174] . This problem can 
be considerably reduced by using ultrasound contrast 
agents, which also allow perfusion studies in the acute 
phase  [175 – 177]  and continuous monitoring of cerebral 
haemodynamic responses  [178] . The combination of 
ultrasound imaging techniques and MRA reveals excel-
lent results equal to DSA  [179] . Cerebral reactivity and 
cerebral autoregulation are impaired in patients with 
occlusive extracerebral arterial disease (particularly 
carotid stenosis and occlusion) and inadequate collateral 
supply, who are at increased risk of recurrent stroke 
 [180, 181] . TCD is the only technique that detects circu-
lating intracranial emboli  [182] , which are particularly 
common in patients with large artery disease. In patients 
with symptomatic carotid artery stenoses, they are a 
strong independent predictor of early recurrent stroke 
and TIA  [183] , and have been used as a surrogate marker 
to evaluate antiplatelet agents  [184] . TCD microbubble 
detection can be used to identify a right - to - left shunt, 
which mainly results from a patent foramen ovale (PFO) 
 [185] .  

  Imaging in  p atients with  TIA ,  m inor 
 n on -  d isabling  s troke, and  s troke with 
 s pontaneous  r ecovery 
 Patients presenting with TIA are at high risk of early 
recurrent stroke (up to 10% in the fi rst 48   h)  [186] . They 
therefore need urgent clinical diagnosis to treat associ-
ated general abnormalities, modify active risk factors, 
and identify specifi c treatable causes, particularly arterial 
stenosis and other embolic sources. Vascular imaging is 
a priority in those patients with TIA or minor stroke, 
more than in those with major stroke in whom surgery 
is not going to be of benefi t in the short term. Immediate 
preventive treatment will reduce stroke, disability, and 
death  [86, 187] . Simple clinical scoring systems can be 

 Recommendations 
        •      In patients with acute stroke and TIA, early clinical 

evaluation, including physiological parameters and routine 
blood tests, is recommended (Class I, Level A).  

   •      For all stroke and TIA patients, a sequence of blood tests 
is recommended (table  9.3 , table  9.5 ).  

   •      It is recommended that all acute stroke and TIA patients 
should have a 12 - lead ECG. In addition continuous ECG 
recording is recommended for ischaemic stroke and TIA 
patients (Class I, Level A).  

   •      It is recommended that for stroke and TIA patients seen 
after the acute phase, 24 - h Holter ECG monitoring should 
be performed when arrhythmias are suspected and no 
other causes of stroke are found (Class I, Level A).  

   •      Echocardiography is recommended in selected patients 
(Class III, Level B).       
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   •      evidence of cardiac disease on history, examination, or 
ECG  
   •      suspected cardiac source of embolism (e.g. infarctions 
in multiple cerebral or systemic arterial territories)  
   •      suspected aortic disease  
   •      suspected paradoxical embolism  
   •      no other identifi able causes of stroke.    
 TTE is suffi cient for evaluation of mural thrombi, par-
ticularly in the apex of the left ventricle; this technique 
has   90% sensitivity and specifi city for ventricular 
thrombi after myocardial infarction  [202] . TOE is supe-
rior for evaluation of the aortic arch, left atrium, and 
atrial septum  [199] . It also allows risk stratifi cation for 
further thromboembolic events in patients with AF 
 [203] . 

 The role of cardiac CT and cardiac MRI in the detec-
tion of embolic sources in stroke patients has not been 
evaluated systematically.  

  Blood  t ests 
 Blood tests required on emergency admission are listed 
in table  9.3 . Subsequent tests depend on the type of 
stroke and suspected aetiology (table  9.5 ).    

  Primary  p revention 

 The aim of primary prevention is to reduce the risk of 
stroke in asymptomatic people. Relative risk (RR), abso-
lute risk (AR), odds ratio (OR), numbers needed to treat 
(NNT) to avoid one major vascular event per year, and 
numbers needed to harm (NNH) to cause one major 

  Cardiac  e valuation 
 Cardiac and ECG abnormalities are common in acute 
stroke patients  [192] . In particular, prolonged QTc, ST 
depression, and T wave inversion are prevalent in acute 
ischaemic stroke, especially if the insular cortex is 
involved  [193, 194] . Hence, all acute stroke and TIA 
patients should have a 12 - channel ECG. 

 Cardiac monitoring should be conducted routinely 
after an acute cerebrovascular event to screen for serious 
cardiac arrhythmias. It is unclear whether continuous 
ECG recording at the bedside is equivalent to Holter 
monitoring for the detection of atrial fi brillation (AF) in 
acute stroke patients. Holter monitoring is superior to 
routine ECG for the detection of AF in patients antici-
pated to have thromboembolic stroke with sinus rhythm 
 [195] ; however, serial 12 - channel ECG might be suffi -
cient to detect new AF in a stroke unit setting  [196] . A 
recent systematic review found that new AF was detected 
by Holter ECG in 4.6% of patients with recent ischaemic 
stroke or TIA, irrespective of baseline ECG and clinical 
examination  [197] . Extended duration of monitoring, 
prolonged event loop recording, and confi ning Holter 
monitoring to patients with non - lacunar stroke, may 
improve detection rates  [198] . 

 Echocardiography can detect many potential causes of 
stroke  [199] , but there is controversy about the indica-
tions for, and type of, echocardiography in stroke and 
TIA patients. Transoesophageal echocardiography (TOE) 
has been claimed to be superior to transthoracic echocar-
diography (TTE) for the detection of potential cardiac 
sources of embolism  [200] , independent of age  [201] . 

 Echocardiography is particularly required in patients 
with: 

  Table 9.5    Subsequent laboratory tests, according to the type of stroke and suspected aetiology. 

  All patients    Full blood count, electrolytes, glucose, lipids, creatinine, CRP or ESR  
  Cerebral venous thrombosis, hypercoagulopathy    Thrombophilia screen, AT3, Factor 2, 5, mutations, factor 8, protein 

C, protein S, Antiphospholipid - antibodies, d - dimer, homocysteine  
  Bleeding disorder    INR, aPTT, fi brinogen, etc.  
  Vasculitis or systemic disorder    Cerebrospinal fl uid, autoantibody screen, specifi c antibodies 

or PCR for HIV, syphilis, borreliosis, tuberculosis, fungi, illicit 
drug -  screening, blood culture  

  Suspected genetic disorders, e. g. mitochondrial disorders 
(MELAS), CADASIL, sickle cell disease, Fabry disease, 
multiple cavernoma, etc.  

  Genetic testing  
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  High  b lood  p ressure 
 A high (  120/80   mmHg) blood pressure (BP) is strongly 
and directly related to vascular and overall mortality 
without evidence of any threshold  [205] . Lowering BP 
substantially reduces stroke and coronary risks, depend-
ing on the magnitude of the reduction  [206 – 208] . BP 
should be lowered to 140/85   mmHg or below  [209] ; anti-
hypertensive treatment should be more aggressive in dia-
betic patients (see below)  [210] . A combination of two 
or more antihypertensive agents is often necessary to 
achieve these targets. 

 Most studies comparing different drugs do not suggest 
that any class is superior  [206, 207, 211] . However, the 
LIFE (Losartan Intervention for Endpoint reduction in 
hypertension) trial found that losartan was superior to 
atenolol in hypertensive patients with left ventricular 
hypertrophy (NNT to prevent stroke 270)  [212, 213] . 
Similarly, the ALLHAT (Antihypertensive and Lipid -
 Lowering treatment to prevent Heart Attack) trial found 
that chlorthalidone was more effective than amlodipine 
and lisinopril  [214] . Beta - blockers may still be consid-
ered an option for initial and subsequent antihyperten-
sive treatment  [209] . In elderly subjects, controlling 
isolated systolic hypertension (systolic blood pressure 
  140   mmHg and diastolic blood pressure   90   mmHg) is 
benefi cial  [207, 215] .  

complication per year are provided for each intervention 
in tables  9.6 – 9.8 .   

  Management of  v ascular  r isk  f actors 

  Table 9.6    Number need to treat ( NNT ) to prevent one stroke 
per year in patients who undergo surgery for  ICA  stenosis; all 
percentages refl ect to the  NASCET  method   (modifi ed from 
 [584]  and  [338] )  . 

   Disease     NNT to avoid 
one stroke/year  

  Asymptomatic (60 – 99%)    85  
  Symptomatic (70 – 99%)    27  
  Symptomatic (50 – 69%)    75  
  Symptomatic (  50%) in men    45  
  Symptomatic (  50%) in women    180  
  Symptomatic (  50%)   75 years    25  
  Symptomatic (  50%)   65 years    90  
  Symptomatic (  50%)   2 weeks after 

the event  
  25  

  Symptomatic (  50%)   12 weeks after 
the event  

  625  

  Symptomatic (  50%)    No benefi t  

 Recommendations 
        •      Blood pressure should be checked regularly. It is 

recommended that high blood pressure should be 
managed with lifestyle modifi cation and individualized 
pharmacological therapy (Class I, Level A) aiming at 
normal levels of 120/80   mmHg (Class IV, GCP). For 
prehypertensive (120 – 139/80 – 90   mmHg) with congestive 
heart failure, MI, diabetes, or chronic renal failure, 
antihypertensive mediation is indicated (Class 1, Level A).  

   •      Blood glucose should be checked regularly. It is 
recommended that diabetes should be managed with 
lifestyle modifi cation and individualized pharmacological 
therapy (Class IV, Level C). In diabetic patients, high blood 
pressure should be managed intensively (Class I, Level A) 
aiming for levels below 130/80   mmHg (Class IV, Level C). 
Where possible, treatment should include an angiotensin 
converting enzyme inhibitor or angiotensin receptor 
antagonist (Class I, Level A).  

   •      Blood cholesterol should be checked regularly. It is 
recommended that high blood cholesterol (e.g. LDL   
150   mg/dl [3.9   mmol/l]) should be managed with lifestyle 
modifi cation (Class IV, Level C) and a statin (Class I, 
Level A).  

   •      It is recommended that cigarette smoking be discouraged 
(Class III, Level B).  

   •      It is recommended that heavy use of alcohol be 
discouraged (Class III, Level B).  

   •      Regular physical activity is recommended (Class III, 
Level B).  

   •      A diet low in salt and saturated fat, high in fruit and 
vegetables and rich in fi bre is recommended (Class III, 
Level B).  

   •      Subjects with an elevated body mass index are 
recommended to take a weight - reducing diet (Class III, 
Level B).  

   •      Antioxidant vitamin supplements are not recommended 
(Class I, Level A).  

   •      Hormone replacement therapy is not recommended for 
the primary prevention of stroke (Class I, Level A).     

     A healthy lifestyle, consisting of abstinence from smoking, 
low – normal body mass index, moderate alcohol con-
sumption, regular exercise and healthy diet, is associated 
with a reduction in ischaemic stroke (RR 0.29; 95% CI 
0.14 – 0.63)  [204] . 
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no data to suggest that statins prevent stroke in patients 
with low - density lipoprotein (LDL) cholesterol below 
150   mg/dl (3.9   mmol/l).  

  Cigarette  s moking 
 Observational studies have shown cigarette smoking to 
be an independent risk factor for ischaemic stroke  [222]  
in both men and women  [223 – 227] . Spousal cigarette 
smoking may be associated with an increased stroke risk 
 [228] . A meta - analysis of 22 studies indicates that 
smoking doubles the risk of ischaemic stroke  [229] . Sub-
jects who stop smoking reduce this risk by 50%  [224] . 
Making workplaces smoke - free would result in consider-
able health and economic benefi ts  [230] .  

  Diabetes  m ellitus 
 There is no evidence that improving glucose control 
reduces stroke  [216] . In diabetic patients, blood pressure 
should be lowered to below 130/80   mmHg  [210] . Treat-
ment with a statin reduces the risk of major cardiovascu-
lar events, including stroke  [217 - 219] .  

  Hyperlipidaemia 
 In a review of 26 statin trials (95 000, patients), the inci-
dence of stroke was reduced from 3.4% to 2.7%  [220] . 
This was due mainly to a reduction in non - fatal stroke, 
from 2.7% to 2.1%. The review included the Heart Pro-
tection Study, which was, in part, a secondary prevention 
trial  [221] ; this trial found an excess of myopathy of one 
per 10 000 patients treated per annum  [221] . There are 

  Table 9.8    Relative risk reduction ( RRR ), absolute risk reduction ( ARR ), and number needed to treat ( NNT ) to avoid one major vascular 
event per year in patients with risk factor modifi cations   (modifi ed from  [287, 289, 293, 584] )  . 

   Clinical condition     Treatment     RRR %     ARR % per year     NNT to avoid one 
event per year  

  General population with increased blood pressure    Antihypertensive    42    0.4    250  
  General population with increased vascular risk    ACE inhibitor    22    0.65    154  
  Post - stroke/TIA with increased blood pressure    Antihypertensive    31    2.2    45  
  Post - stroke/TIA with normal blood pressure    ACE inhibitor    diuretic    24    0.85    118  
  Post - stroke/TIA    Statins    16    0.44    230  

  Smoking cessation    33    2.3    43  

  Table 9.7    Relative risk reduction ( RRR ), absolute risk reduction ( ARR ), and number needed to treat ( NNT ) to avoid one major vascular 
event per year in patients with antithrombotic therapy   (modifi ed from  [318, 321, 584] )  . 

   Disease     Treatment     RRR %     ARR % per year     NNT to avoid one 
event per year  

  Non - cardioembolic ischaemic stroke or TIA    aspirin/PCB    13    1.0    100  
  aspirin        DIP/PCB    28    1.9    53  
  aspirin        DIP/aspirin    18    1.0    104  
  Clop/PCB    23    1.6    62  
  Clop/aspirin    10    0.6    166  

  Atrial fi brillation (primary prevention)    warfarin/PCB    62    2.7    37  
  aspirin/PCB    22    1.5    67  

  Atrial fi brillation (secondary prevention)    warfarin/PCB    67    8    13  
  aspirin/PCB    21    2.5    40  

   PCB: placebo; Clop: clopidogrel; DIP: dipyridamole.   
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of total fat intake and an increased consumption of veg-
etables, fruits and grains  [241] .  

  Body  w eight 
 A high body mass index (BMI   25) is associated with an 
increased risk of stroke in men  [242]  and women  [243] , 
mainly mediated by concomitant arterial hypertension 
and diabetes. Abdominal adiposity is a risk factor for 
stroke in men but not women  [244] . Although weight 
loss reduces blood pressure  [245] , it does not lower 
stroke risk  [246] .  

  Vitamins 
 A low intake of vitamin D is associated with an increased 
risk of stroke  [247] , but supplements of calcium plus 
vitamin D do not reduce the risk of stroke  [248] . Supple-
ments of tocopherol and beta carotene do not reduce 
stroke  [249] . A meta - analysis of trials with vitamin E 
supplementation found that it might increase mortality 
when used at high doses (  400 IU/d)  [250] . 

 High homocysteine levels are associated with increased 
stroke risk (OR 1.19; 95% CI 1.05 – 1.31)  [251] . Since folic 
acid fortifi cation of enriched grain products was man-
dated by the US Food and Drug Administration there has 
been a reduction in stroke mortality rates, in contrast to 
countries without fortifi cation  [252] . A meta - analysis 
concluded that folic acid supplementation can reduce the 
risk of stroke (RR 0.82; 95% CI 0.68 – 1.00)  [253] ; the 
benefi t was greatest in trials with long treatment dura-
tions or larger homocysteine - lowering effects, and in 
countries where grain was not fortifi ed.   

  Postmenopausal  o estrogen  r eplacement  t herapy 
 Stroke rates rise rapidly in women after the menopause. 
However, in an analysis based on a 16 - year follow - up of 
59,337 postmenopausal women participating in the 
Nurses ’  Health Study, there was only a weak association 
between stroke and oestrogen replacement  [254] . 
According to the HERS II trial, hormone replacement in 
healthy women is associated with an increased risk of 
ischaemic stroke  [255] . A Cochrane systematic review 
 [256]  found hormone replacement therapy to be associ-
ated with an increased risk of stroke (RR 1.44; 95% CI 
1.10 – 1.89). A secondary analysis of the Women ’ s Health 
Initiative randomized controlled trial suggests that the 
risk of stroke is increased with hormone replacement 
therapy only in women with prolonged hormone use 
(   5 years; RR 1.32; 95% CI 1.12 – 1.56)  [257, 258] .   

  Alcohol  c onsumption 
 Heavy alcohol drinking (  60   g/day) increases the risk of 
ischaemic stroke (RR 1.69; 95% CI 1.34 – 2.15) and haem-
orrhagic stroke (RR 2.18; 95% CI 1.48 - 3.20). In contrast, 
light consumption (  12   g/day) is associated with a reduc-
tion in all stroke (RR 0.83; 95% CI 0.75 – 0.91) and isch-
aemic stroke (RR 0.80; 95% CI 0.67 – 0.96), and moderate 
consumption (12 – 24   g/day) with a reduction in isch-
aemic stroke (RR 0.72; 95% CI 0.57 – 0.91)  [231] . Red 
wine consumption is associated with the lowest risk in 
comparison with other beverages  [232] . Blood pressure 
elevation appears to be an important intermediary in the 
relation between alcohol consumption and stroke  [233] .  

  Physical  a ctivity 
 In a meta - analysis of cohort and case - control studies, 
physically active individuals had a lower risk of stroke or 
death than those with low activity (RR 0.73; 95% CI 
0.67 – 0.79). Similarly, moderately active individuals had 
a lower risk of stroke, compared with those who were 
inactive (RR 0.80; 95% CI 0.74 – 0.86)  [234] . This associa-
tion is mediated, in part, through benefi cial effects on 
body weight, blood pressure, serum cholesterol, and 
glucose tolerance. Leisure - based physical activity (2 to 5 
hours per week) has been independently associated with 
a reduced severity of ischaemic stroke at admission and 
better short - term outcome  [235] .  

  Diet 

  Fruit,  v egetable, and  fi  sh  i ntake 
 In observational studies, high fruit and vegetable intake 
was associated with a decreased risk of stroke, compared 
with lower intake (RR 0.96 for each increment of two 
servings/day; 95% CI 0.93 – 1.00)  [236] . The risk of isch-
aemic stroke was lower in people who consumed fi sh at 
least once per month (RR 0.69; 95% CI 0.48 – 0.99)  [237] . 
Whole grain intake was associated with a reduction in 
cardiovascular disease (OR 0.79; 95% CI 0.73 – 0.85) but 
not stroke  [238] . Dietary calcium intake from dairy prod-
ucts was associated with lower mortality from stroke in 
a Japanese population  [239] . However, in a further study 
there was no interaction between the intake of total fat 
or cholesterol, and stroke risk in men  [240] . 

 In a randomized controlled trial in women, dietary 
interventions did not reduce the incidence of coronary 
events and stroke despite there being an 8.2% reduction 
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0.63 – 0.93), and caused a non - signifi cant increase in 
haemorrhagic stroke, over 10 years; it did not reduce the 
risk of fatal or nonfatal myocardial infarction, or cardio-
vascular death  [267] . 

 No data are currently available on the use of other 
antiplatelet agents in primary prevention in low - risk 
subjects.  

  Subjects with  v ascular  r isk  f actors 
 A systematic review of randomized studies comparing 
antithrombotic agents with placebo in patients with ele-
vated BP and no prior cardiovascular disease showed that 
aspirin did not reduce stroke or total cardiovascular 
events  [266] . In the CHARISMA (Clopidogrel for High 
Atherothrombotic Risk and Ischemic Stabilization, Man-
agement, and Avoidance) trial, the combination of 
aspirin and clopidogrel was less effective than aspirin 
alone in the subgroup of patients with multiple vascular 
risk factors but no ischaemic event  [268] .  

  Large  a rtery  a theroma 
 Patients with atherosclerotic arterial disease have an 
increased risk of myocardial infarction, stroke, and car-
diovascular death. Aspirin reduces MI in patients with 
asymptomatic carotid artery disease  [269] , and reduces 
stroke after carotid artery surgery  [270] .  

  Atrial  fi  brillation 
 AF is a strong independent risk factor for stroke. A meta -
 analysis of randomized trials with at least 3 months ’  
follow - up showed that antiplatelet agents reduced stroke 
(RR 0.78; 95% CI 0.65 – 0.94) in patients with non - 
valvular AF  [271] . Warfarin (target INR 2.0 – 3.0) is more 
effective than aspirin at reducing stroke (RR 0.36; 95% 
CI 0.26 – 0.51)  [271] . As the risk of stroke in people 
with AF varies considerably, risk stratifi cation should be 
used to determine whether patients should be given oral 
anticoagulation, aspirin, or nothing  [14] . Oral antico-
agulation is more effective in patients with AF who have 
one or more risk factors, such as previous systemic 
embolism, age over 75 years, high blood pressure, or 
poor left ventricular function  [14] . In the meta - analysis 
described above, absolute increases in major extracranial 
haemorrhage were less than the absolute reductions in 
stroke  [271] . The WASPO (Warfarin versus Aspirin for 
Stroke Prevention in Octogenarians)  [272]  and BAFTA 
(Birmingham Atrial Fibrillation Treatment of the Aged) 

  Antithrombotic  t herapy 
    

 Recommendations 
        •      Low - dose aspirin is recommended in women aged 45 

years or more who are not at increased risk for 
intracerebral haemorrhage and who have good 
gastrointestinal tolerance; however, its effect is very 
small (Class I, Level A).  

   •      It is recommended that low - dose aspirin may be 
considered in men for the primary prevention of 
myocardial infarction; however, it does not reduce the risk 
of ischaemic stroke (Class I, Level A).  

   •      Antiplatelet agents other than aspirin are not recommended 
for primary stroke prevention (Class IV, GCP).  

   •      Aspirin may be recommended for patients with 
non - valvular AF who are younger than 65 years and 
free of vascular risk factors (Class I, Level A).  

   •      Unless contraindicated, either aspirin or an oral 
anticoagulant (international normalized ratio [INR] 2.0 – 3.0) 
is recommended for patients with non - valvular AF who 
are aged 65 – 75 years and free of vascular risk factors 
(Class I, Level A).  

   •      Unless contraindicated, an oral anticoagulant (INR 2.0 – 3.0) 
is recommended for patients with non - valvular AF who 
are aged   75, or who are younger but have risk factors 
such as high blood pressure, left ventricular dysfunction, 
or diabetes mellitus (Class I, Level A).  

   •      It is recommended that patients with AF who are unable 
to receive oral anticoagulants should be offered aspirin 
(Class I, Level A).  

   •      It is recommended that patients with AF who have 
mechanical prosthetic heart valves should receive 
long - term anticoagulation with a target INR based on the 
prosthesis type, but not less than INR 2 – 3 (Class II, Level B).  

   •      Low - dose aspirin is recommended for patients with 
asymptomatic internal carotid artery (ICA) stenosis   50% 
to reduce their risk of vascular events (Class II, Level B).     

  Low -  r isk  s ubjects 
 Six large randomized trials have evaluated the benefi ts of 
aspirin for the primary prevention of cardiovascular 
(CV) events in men and women (47,293 on aspirin, 
45,580 controls) with a mean age of 64.4 years  [259 – 264] . 
Aspirin reduced coronary events and CV events, but not 
stroke, CV mortality, or all - cause mortality  [265] . In 
women, aspirin reduced stroke (OR 0.83; 95% CI 0.70 –
 0.97) and ischaemic stroke (OR 0.76; 95% CI 0.63 – 0.93) 
 [266] . In a separate study in 39,876 healthy women aged 
45 years or more, aspirin reduced stroke (RR 0.83; 95% 
CI 0.69 – 0.99) and ischaemic stroke (RR 0.76; 95% CI 
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tomatic patients who have a life expectancy of less than 
5 years. Aspirin should not be stopped in patients under-
going carotid surgery  [283] . Patients should be followed 
up by the referring physician after surgery. There are no 
data from randomized trials about the benefi ts and risks 
of carotid angioplasty, compared with CEA, in asymp-
tomatic patients  [284] .   

  Secondary  p revention 

  Optimal  m anagement of  v ascular 
 r isk  f actors 
    

 [273]  trials showed that warfarin was safe and effective 
in older individuals. The ACTIVE W (Atrial fi brillation 
Clopidogrel Trial with Irbesartan for prevention of Vas-
cular Events) study found that the combination of aspirin 
and clopidogrel was less effective than warfarin and had 
a similar bleeding rate  [274] . 

 Patients with a prosthetic heart valve, with or without 
AF, should receive long - term anticoagulation with a 
target INR based on the prosthesis type (bio - prosthetic 
valves: INR 2.0 – 3.0; mechanical valves: INR 3.0 – 4.0  [275] .   

  Carotid  s urgery and  a ngioplasty 
    

 Recommendations 
        •      Carotid surgery is not recommended for asymptomatic 

individuals with signifi cant carotid stenosis (NASCET 
60 – 99%), except in those at high risk of stroke (Class I, 
Level C).  

   •      Carotid angioplasty, with or without stenting, is not 
recommended for patients with asymptomatic carotid 
stenosis (Class IV, GCP).  

   •      It is recommended that patients should take aspirin before 
and after surgery (Class I, Level A).     

 Trials of carotid surgery for asymptomatic carotid steno-
sis have concluded that although surgery reduces the 
incidence of ipsilateral stroke (RR 0.47 – 0.54) and any 
stroke, the absolute benefi t is small (approximately 1% 
per annum)  [276 – 278] , whereas the perioperative stroke 
or death rate is 3%. Medical management is the most 
appropriate option for most asymptomatic subjects; only 
centres with a perioperative complication rate of 3% or 
less should contemplate surgery. Patients with a high risk 
of stroke (men with stenosis of more than 80% and a life 
expectancy of more than 5 years) may derive some 
benefi t from surgery in appropriate centres  [276, 278] . 
All stenosis are graded following the NASCET - method 
(distal stenosis) [279] . 

 Carotid endarterectomy (CEA) is effective in younger 
patients, and possibly also in older individuals, but does 
not appear to benefi t women  [276] . Patients with occlu-
sion of the internal carotid artery contralateral to the 
operated carotid artery do not benefi t from CEA  [280, 
281] . The risk of ipsilateral stroke increases with the 
degree of stenosis  [280, 282] ; CEA appears to be effective 
irrespective of the degree of ipsilateral stenosis over the 
range of 60 – 99%  [276] . CEA is not benefi cial for asymp-

 Recommendations 
        •      It is recommended that blood pressure be checked 

regularly. Blood pressure lowering is recommended after 
the acute phase, including in patients with normal blood 
pressure (Class I, Level A).  

   •      It is recommended that blood glucose should be checked 
regularly. It is recommended that diabetes should be 
managed with lifestyle modifi cation and individualized 
pharmacological therapy (Class IV, GCP).  

   •      In patients with type 2 diabetes who do not need insulin, 
treatment with pioglitazone is recommended after stroke 
(Class III, Level B).  

   •      Statin therapy is recommended in subjects with non -
 cardioembolic stroke (Class I, Level A).  

   •      It is recommended that cigarette smoking be discouraged 
(Class III, Level C).  

   •      It is recommended that heavy use of alcohol be 
discouraged (Class IV, GCP).  

   •      Regular physical activity is recommended (Class IV, GCP).  

   •      A diet low in salt and saturated fat, high in fruit and 
vegetables, and rich in fi bre is recommended (Class IV, 
GCP).  

   •      Subjects with an elevated body mass index are 
recommended to adopt a weight - reducing diet (Class IV, 
Level C).  

   •      Antioxidant vitamin supplements are not recommended 
(Class I, Level A).  

   •      Hormone replacement therapy is not recommended for 
the secondary prevention of stroke (Class I, Level A).  

   •      It is recommended that sleep - disordered breathing such as 
obstructive sleep apnoea be treated with continuous 
positive airway pressure breathing (Class III, Level GCP).  

   •      It is recommended that endovascular closure of PFO be 
considered in patients with cryptogenic stroke and high 
risk PFO (Class IV, GCP).     
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withdrawal at the acute stage of stroke may be associated 
with an increased risk of death or dependency  [294] .  

  Cigarette  s moking 
 There are no specifi c data in secondary prevention. See 
primary prevention.  

  Diet 

  Overweight 
 There are no specifi c data in secondary prevention. See 
primary prevention. Weight loss may be benefi cial after 
stroke as it lowers blood pressure  [245] .  

  Vitamins 
 Beta carotene increased the risk of cardiovascular death 
in a meta - analysis of primary and secondary prevention 
trials (RR 1.10; 95% CI 1.03 – 1.17)  [295] . Vitamin E 
supplementation does not prevent vascular events  [296] . 
Fat - soluble antioxidant supplements may increase mor-
tality  [297] . 

 Vitamins that lower homocysteine (folate, B12, B6) do 
not appear to reduce stroke recurrence and may increase 
vascular events  [298 – 301] , but further trials are ongoing 
 [302] .   

  Sleep -  d isordered  b reathing 
 Sleep - disordered breathing represents both a risk factor 
and a consequence of stroke and is linked with poorer 
long - term outcome and increased long - term stroke mor-
tality  [303] . More than 50% of stroke patients have sleep -
 disordered breathing, mostly in the form of obstructive 
sleep apnoea (OSA). This can improve spontaneously 
after stroke, but may need treatment. Continuous posi-
tive airway pressure is the treatment of choice for OSA. 
Oxygen and other forms of ventilation may be helpful in 
other (e.g. central) forms of SDB.  

  Patent  f oramen  o vale 
 Case reports and case control studies indicate an associa-
tion between the presence of PFO and cryptogenic stroke 
in both younger and older stroke patients  [304, 305] . 
Two population - based studies pointed in the same direc-
tion but did not confi rm a signifi cant association  [306, 
307] . In patients with PFO alone, the overall risk of 
recurrence is low. However, when the PFO is combined 
with an atrial septal aneurysm, a Eustachian valve, a 
Chiari network, or in patients who have suffered more 

  High  b lood  p ressure 
 A meta - analysis of seven randomized controlled trials 
showed that antihypertensive drugs reduced stroke 
recurrence after stroke or TIA (RR 0.76; 95% CI 0.63 –
 0.92)  [285] . This analysis included the PATS (indap-
amide, a diuretic), HOPE (ramipril) and PROGRESS 
(perindopril, with or without indapamide) studies  [286 –
 289] . The reduction in stroke occurs regardless of BP and 
type of stroke  [289] . Hence, BP should be lowered and 
monitored indefi nitely after stroke or TIA. The absolute 
target BP level and reduction are uncertain and should 
be individualized, but benefi t has been associated with an 
average reduction of about 10/5   mmHg, and normal BP 
levels have been defi ned as   120/80   mmHg  [290] . 
However, blood pressure should not be lowered inten-
sively in patients with suspected haemodynamic stroke 
or in those with bilateral carotid stenosis. The angioten-
sin receptor antagonist eprosartan may be more effective 
than the calcium channel blocker nitrendipine  [291] .  

  Diabetes  m ellitus 
 The prospective, double - blind PROactive trial random-
ized 5238 patients with type 2 diabetes and a history of 
macrovascular disease to pioglitazone or placebo. In 
patients with previous stroke ( n         486 in the pioglitazone 
group,  n         498 in the placebo group), there was a trend 
towards benefi t with pioglitazone for the combined end-
point of death and major vascular events (HR 0.78; 95% 
CI 0.60 – 1.02;  p         0.067). In a secondary analysis, piogli-
tazone reduced fatal or non - fatal stroke (HR 0.53; 95% 
CI 0.34 – 0.85;  p         0.0085) and cardiovascular death, non -
 fatal myocardial infarction, or non - fatal stroke (HR 0.72; 
95% CI 0.52 – 1.00;  p         0.0467)  [292] .  

  Hyperlipidaemia 
 In the SPARCL (Stroke Prevention by Aggressive Reduc-
tion in Cholesterol Levels) trial, statin therapy with ator-
vastatin reduced stroke recurrence (HR 0.84; 95% CI 
0.71 – 0.99)  [293] , while in the Heart Protection Study, 
simvastatin reduced vascular events in patients with prior 
stroke, and reduced stroke in patients with other vascular 
disease (RR 0.76)  [221] . Neither trial assessed effi cacy by 
stroke subtype, and SPARCL did not include patients with 
presumed cardioembolic stroke  [221, 293] . The risk of 
haemorrhagic stroke was slightly increased in both trials 
 [221, 293] . The absolute risk reduction achieved with 
statin therapy is low (NNT 112 – 143 for 1 year). Statin 
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  Antiplatelet  t herapy 
 Antiplatelet therapy reduces vascular events, including 
non - fatal myocardial infarction, nonfatal stroke and vas-
cular death in patients with previous stroke or TIA (RR 
0.78; 95% CI 0.76 – 0.80)  [312] . 

  Aspirin 
 Aspirin reduces recurrence irrespective of dose (50 to 
1300   mg/d)  [313 – 316] , although high doses (  150   mg/
day) increase adverse events. In patients with symp-
tomatic intracranial atherosclerosis, aspirin is as effective 
as oral anticoagulation and has fewer complications 
 [317] .  

  Clopidogrel 
 Clopidogrel is slightly more effective than aspirin in pre-
venting vascular events (RR 0.91; 95% CI 0.84 – 0.97) 
 [318] . It may be more effective in high - risk patients (i.e. 
those with previous stroke, peripheral artery disease, 
symptomatic coronary disease, or diabetes)  [268] .  

  Dipyridamole 
 Dipyridamole reduces stroke recurrence with similar effi -
cacy to aspirin  [319] .  

  Trifl usal 
 Trifl usal reduces stroke recurrence with similar effi cacy 
to aspirin but with fewer adverse events  [320] .  

  Dipyridamole  p lus  a spirin 
 The combination of aspirin (38 – 300   mg/d) and dipyri-
damole (200   mg extended release twice daily) reduces the 
risk of vascular death, stroke or MI, compared with 
aspirin alone (RR 0.82; 95% CI 0.74 – 0.91)  [319, 321] . 
Dipyridamole may cause headache; the incidence of 
this may be reduced by increasing the dose gradually 
 [322, 323] .  

  Clopidogrel  p lus  a spirin 
 Compared with clopidogrel alone, the combination of 
aspirin and clopidogrel did not reduce the risk of isch-
aemic stroke, myocardial infarction, vascular death, or 
re - hospitalization  [324] ; however, life - threatening or 

than one stroke, the risk of recurrence can be substantial 
 [308] . Endovascular closure of PFOs with or without 
septal aneurysms is feasible in such patients  [309]  and 
may lower the risk of recurrent stroke compared to 
medical treatment  [310] ; however, RCTs are still lacking.  

  Postmenopausal  o estrogen  r eplacement  t herapy 
 Hormone replacement therapy does not protect against 
vascular events and may increase stroke severity  [311] .   

  Antithrombotic  t herapy 
    

 Recommendations 
        •      It is recommended that patients receive antithrombotic 

therapy (Class I, Level A).  

   •      It is recommended that patients not requiring 
anticoagulation should receive antiplatelet therapy (Class I, 
Level A). Where possible, combined aspirin and 
dipyridamole, or clopidogrel alone, should be given. 
Alternatively, aspirin alone or trifl usal alone may be used 
(Class I, Level A).  

   •      The combination of aspirin and clopidogrel is not 
recommended in patients with recent ischaemic stroke, 
except in patients with specifi c indications (e.g. unstable 
angina or non - Q - wave MI, or recent stenting); treatment 
should be given for up to 9 months after the event (Class 
I, Level A).  

   •      It is recommended that patients who have a stroke on 
antiplatelet therapy should be re - evaluated for 
pathophysiology and risk factors (Class IV, GCP).  

   •      Oral anticoagulation (INR 2.0 – 3.0) is recommended after 
ischaemic stroke associated with AF (Class I, Level A). Oral 
anticoagulation is not recommended in patients with 
comorbid conditions such as falls, poor compliance, 
uncontrolled epilepsy, or gastrointestinal bleeding (Class 
III, Level C). Increasing age alone is not a contraindication 
to oral anticoagulation (Class I, Level A).  

   •      It is recommended that patients with cardioembolic stroke 
unrelated to AF should receive anticoagulants (INR 
2.0 – 3.0) if the risk of recurrence is high (Class III, Level C).  

   •      It is recommended that anticoagulation should not be 
used after non - cardioembolic ischaemic stroke, except in 
some specifi c situations, such as aortic atheromas, 
fusiform aneurysms of the basilar artery, cervical artery 
dissection, or patent foramen ovale in the presence of 
proven deep vein thrombosis (DVT) or atrial septal 
aneurysm (Class IV, GCP).  

   •      It is recommended that combined low dose aspirin and 
dipyridamole should be given if oral anticoagulation is 
contraindicated (Class IV, GCP).     
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  Surgery and  a ngioplasty 
    

major bleeding were increased with the combination. 
Similarly, in the CHARISMA study, the combination 
of aspirin and clopidogrel did not reduce the risk of 
myocardial infarction, stroke, or death from cardiovas-
cular causes, compared with aspirin alone  [268] . In 
patients who have had an acute coronary event within 
12 months, or coronary stenting, the combination of 
clopidogrel and aspirin reduces the risk of new vascular 
events  [325] .   

  Oral  a nticoagulation 
 Oral anticoagulation after non - cardiac ischaemic stroke 
is not superior to aspirin, but causes more bleeding  [326 –
 328] . Oral anticoagulation (INR 2.0 – 3.0) reduces the risk 
of recurrent stroke in patients with non - valvular AF 
(whether of permanent, chronic, or paroxysmal type) 
 [329]  and most other cardiac sources of emboli. Antico-
agulation should be taken long term, or for at least 3 
months after cardioembolic stroke due to MI  [330] . 
There is a controversial discussion about the optimal 
time point to start oral anticoagulation. After TIA or 
minor stroke one could start immediately, but after 
major stroke with signifi cant infarction on neuroimaging 
(e.g. above a third of the MCA territory) one should wait 
for some (e.g. 4) weeks. However, this decision has to be 
individualized. 

 In patients with AF and stable coronary disease, aspirin 
should not be added to oral anticoagulation  [331] . Anti-
coagulation may be benefi cial in patients with aortic ath-
eroma  [332] , fusiform aneurysms of the basilar artery 
 [333] , or cervical dissection  [334] . The ongoing ARCH 
trial is comparing the combination of clopidogrel plus 
aspirin with oral anticoagulation in secondary preven-
tion of patients with atherosclerotic plaques in the 
aortic arch.  

  Recurrent  v ascular  e vent on 
 a ntiplatelet  t herapy 
 The treatment of patients who have a recurrent vascular 
event on antiplatelet therapy remains unclear. Alterna-
tive causes of stroke should be sought and consistent 
risk - factor management is mandatory especially in 
those patients. Alternative treatment strategies may be 
considered: leave unchanged, change to another anti-
platelet agent, add another antiplatelet agent, or use oral 
anticoagulation.   

 Recommendations 
        •      CEA is recommended for patients with 70 – 99% stenosis 

(Class I, Level A). CEA should only be performed in centres 
with a perioperative complication rate (all strokes and 
death) of less than 6% (Class I, Level A).  

   •      It is recommended that CEA be performed as soon as 
possible after the last ischaemic event, ideally within 2 
weeks (Class II, Level B).  

   •      It is recommended that CEA may be indicated for certain 
patients with stenosis of 50 – 69%; males with very recent 
hemispheric symptoms are most likely to benefi t (Class III, 
Level C). CEA for stenosis of 50 – 69% should only be 
performed in centres with a perioperative complication rate 
(all stroke and death) of less than 3% (Class I, Level A).  

   •      CEA is not recommended for patients with stenosis of less 
than 50% (Class I, Level A).  

   •      It is recommended that patients remain on antiplatelet 
therapy both before and after surgery (Class I, Level A).  

   •      Carotid percutaneous transluminal angioplasty and/or 
stenting (CAS) is only recommended in selected patients 
(Class I, Level A). It should be restricted to the following 
subgroups of patients with severe symptomatic carotid 
artery stenosis: those with contraindications to CEA, 
stenosis at a surgically inaccessible site, re - stenosis after 
earlier CEA, and post - radiation stenosis (Class IV, GCP). 
Patients should receive a combination of clopidogrel and 
aspirin immediately before and for at least 1 month after 
stenting (Class IV, GCP).  

   •      It is recommended that endovascular treatment may be 
considered in patients with symptomatic intracranial 
stenosis (Class IV, GPC).     

  Carotid  e ndarterectomy 
 The grading of stenosis should be performed according 
to the NASCET criteria. Although ECST (European 
Carotid Surgery Trialists) and NASCET use different 
methods of measurement, it is possible to convert the 
percentage stenosis derived by one method to the other 
 [335] . CEA reduces the risk of recurrent disabling stroke 
or death (RR 0.52) in patients with severe (70 – 99%) ipsi-
lateral internal carotid artery stenosis  [279, 336, 337] . 
Patients with less severe ipsilateral carotid stenosis (50 –
 69%) may also benefi t  [337] . Surgery is potentially 
harmful in patients with mild or moderate degrees of 
stenosis (  50%)  [337] . 

 CEA should be performed as soon as possible (ideally 
within 2 weeks) after the last cerebrovascular event  [338] . 
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patients in the endovascular group underwent angio-
plasty, and only 26% were treated with a stent  [346] . The 
two most recent studies revealed different results. SPACE 
(Stent - protected Angioplasty versus Carotid Eendarter-
ectomy in symptomatic patients) marginally failed to 
prove the non - inferiority of CAS compared to CEA; for 
the endpoint ipsilateral stroke or death up to day 30, the 
event rates after 1,200 patients were 6.8% for CAS and 
6.3% for CEA - patients (absolute difference 0.5%; 95% CI 
  1.9% to   2.9%;  p         0.09)  [344] . The French EVA3S 
(Endarterectomy versus Stenting in Patients with Symp-
tomatic Severe Carotid Stenosis) trial was stopped pre-
maturely after the inclusion of 527 patients because of 
safety concerns and lack of effi cacy. The RR of any stroke 
or death after CAS, compared with CEA, was 2.5 (95% CI 
1.2 – 5.1)  [343] . An updated meta - analysis of these studies 
revealed a signifi cantly higher risk of any stroke and death 
within 30 days after CAS, compared with CEA (OR 1.41; 
95% CI 1.07 – 1.87;  p         0.016). However, signifi cant het-
erogeneity was found in this analysis ( p         0.035)  [347] . 
After the periprocedural period, few ipsilateral strokes 
occurred with either procedure (table  9.9 ).    

  Intracranial and  v ertebral  a rtery 
 o cclusive  d isease 

  Extracranial -  i ntracranial  a nastomosis 
 Anastomosis between the superfi cial temporal and 
middle cerebral arteries is not benefi cial in preventing 
stroke in patients with MCA or ICA stenosis or occlusion 
 [348] .  

Surgical procedure is important in preventing stroke; 
carotid patch angioplasty may reduce the risk of periop-
erative arterial occlusion and restenosis  [339] . 

 Older patients (  75 years) without organ failure or 
serious cardiac dysfunction benefi t from CEA  [338] . 
Women with severe (  70%) symptomatic stenosis should 
undergo CEA, whereas women with more moderate ste-
nosis should be treated medically  [340] . Patients with 
amaurosis fugax, severe stenosis, and a high - risk profi le 
should be considered for CEA; those with amaurosis 
fugax and few risk factors do better with medical treat-
ment. Patients with mild - to - moderate intracranial steno-
sis and severe extracranial stenosis should be considered 
for CEA. 

 The benefi t from CEA is less in patients with lacunar 
stroke  [341] . Patients with leukoaraiosis carry an 
increased perioperative risk  [342] . Occlusion of the 
contralateral ICA is not a contraindication to CEA but 
carries a higher perioperative risk. The benefi t from 
endarterectomy is marginal in patients with carotid 
near - occlusion.  

  Carotid  a ngioplasty and  s tenting 
 Several trials have compared CAS and CEA in secondary 
stroke prevention (table  9.9 )  [343 – 346] . However, the 
SAPPHIRE (Stenting and Angioplasty with Protection in 
Patients at High Risk for Endarterectomy) trial included 
more than 70% asymptomatic patients, and therefore 
should not be used for decisions about secondary preven-
tion  [345] . In CAVATAS (Carotid and Vertebral Artery 
Transluminal Angioplasty Study) the majority of the 

  Table 9.9    Risk of stroke or death from large - scale randomized trials comparing endovascular and surgical treatment in patients with 
severe carotid artery stenosis.  

   Outcome     Any stroke or death at 
30 days  

   Disabling stroke or death at 
30 days  

   Ipsilateral stroke after 
30 days  

   CAS  n  (%)     CEA  n  (%)     CAS  n  (%)     CEA  n  (%)     CAS  n  (%)     CEA  n  (%)  

  CAVATAS  [346]     25 (10.0)    25 (9.9)    16 (6.4)    15 (5.9)    6          10        
  SAPPHIRE  [345]     8 (4.8)    9 (5.4)    unk    unk    unk    unk  
  SPACE  [344, 585]     46 (7.7)    38 (6.5)    29 (4.8)    23 (3.9)    4 (0.7)  *      1 (0.2)  *    
  EVA3S  [343]     25 (9.6)    10 (3.9)    9 (3.4)    4 (1.5)    2 (0.6)  *      1 (0.3)  *    

   Intention - to - treat data; unk: unknown.  
      Follow - up duration 1.95 years in mean;  
   * up to 6 months.   
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     The term  ‘ general treatment ’  refers to treatment strate-
gies aimed at stabilizing the critically ill patient in order 
to control systemic problems that may impair stroke 
recovery; the management of such problems is a central 
part of stroke treatment  [2, 105] . General treatment 
includes respiratory and cardiac care, fl uid and metabolic 
management, blood pressure control, the prevention and 
treatment of conditions such as seizures, venous throm-
boembolism, dysphagia, aspiration pneumonia, other 
infections, or pressure ulceration, and occasionally man-
agement of elevated intracranial pressure. However, 
many aspects of general stroke treatment have not been 
adequately assessed in randomized clinical trials. 

 It is common practice to actively manage neurological 
status and vital physiological functions such as blood 
pressure, pulse, oxygen saturation, blood glucose, and 
temperature. Neurological status can be monitored using 
validated neurological scales such as the NIH Stroke Scale 
 [103]  or the Scandinavian Stroke Scale  [356] . There is 
little direct evidence from randomized clinical trials to 
indicate how intensively monitoring should be carried 
out, but in stroke unit trials  [118]  it was common prac-
tice to have a minimum of 4 - hourly observations for the 
fi rst 72   h after stroke. Clinical trials using continuous 
telemetry  [357, 358]  suggest there may be some benefi t 
from more intensive continuous monitoring in terms of 
improved detection of complications and reduced length 

  Stenting of  i ntracranial or  v ertebral  a rtery  s tenoses 
 Patients with symptomatic intracranial stenoses of   50 
% are at high risk of recurrent strokes, both in the ante-
rior and posterior circulation (12% after 1 year and 15% 
after 2 years in the territory of the stenosed artery)  [317, 
349] . Severe stenoses (  70 %) carry a higher risk than 
moderate stenoses (50% to   70%)  [349] . After stenting, 
recurrent strokes are reported in about 5 – 7% of patients 
with moderate or severe stenoses after 1 year, and 
in around 8% after 2 years  [350, 351] . However, the 
incidence of complications after either angioplasty or 
stenting may be up to 6%  [352 - 354] . No randomized 
controlled trials have evaluated angioplasty, stenting, or 
both for intracranial stenosis. Several non - randomized 
trials have shown feasibility and acceptable safety of 
intracranial stenting, but the risk of restenosis remains 
high  [354, 355] . Also stenting of the extracranial seg-
ments of the vertebral artery is technical feasible with a 
moderate periprocedural risk as demonstrated in the 
SSYLVIA trial for example; but especially at the origin 
there is a particular high rate of restenoses  [355] .     

  General  s troke  t reatment 

 Recommendations 
        •      Intermittent monitoring of neurological status, pulse, 

blood pressure, temperature, and oxygen saturation is 
recommended for 72   h in patients with signifi cant 
persisting neurological defi cits (Class IV, GCP).  

   •      It is recommended that oxygen should be administered 
if the oxygen saturation falls below 95% (Class IV, 
GCP).  

   •      Regular monitoring of fl uid balance and electrolytes is 
recommended in patients with severe stroke or swallowing 
problems (Class IV, GCP).  

   •      Normal saline (0.9%) is recommended for fl uid 
replacement during the fi rst 24   h after stroke (Class IV, 
GCP).  

   •      Routine blood pressure lowering is not recommended 
following acute stroke (Class IV, GCP).  

   •      Cautious blood pressure lowering is recommended in 
patients with extremely high blood pressures 
(  220/120   mmHg) on repeated measurements, or with 
severe cardiac failure, aortic dissection, or hypertensive 
encephalopathy (Class IV, GCP).  

   •      It is recommended that abrupt blood pressure lowering be 
avoided (Class II, Level C).  

   •      It is recommended that low blood pressure secondary to 
hypovolaemia or associated with neurological deterioration 
in acute stroke should be treated with volume expanders 
(Class IV, GCP).  

   •      Monitoring serum glucose levels is recommended (Class 
IV, GCP).  

   •      Treatment of serum glucose levels   180   mg/dl (  10   mmol/l) 
with insulin titration is recommended (Class IV, GCP).  

   •      It is recommended that severe hypoglycaemia (  50   mg/dl 
[  2.8   mmol/l]) should be treated with i.v. dextrose or 
infusion of 10 – 20% glucose (Class IV, GCP points).  

   •      It is recommended that the presence of pyrexia 
(temperature   37.5 ° C) should prompt a search for 
concurrent infection (Class IV, GCP).  

   •      Treatment of pyrexia (temperature   37.5 ° C) with 
paracetamol and fanning is recommended (Class III, 
Level C).  

   •      Antibiotic prophylaxis is not recommended in 
immunocompetent patients (Class II, Level B).     
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  Fluid  r eplacement  t herapy 
 Many stroke patients are dehydrated on admission to 
hospital, and this is associated with a poor outcome 
 [363] . Although clinical trial evidence is limited, delivery 
of i.v. fl uids is commonly considered part of general 
management of acute stroke, particularly in patients at 
risk of dehydration due to reduced consciousness or 
impaired swallowing. Experience in the management of 
hyperglycaemia supports the avoidance of dextrose in the 
early post - stroke phase  [364] . More specialist fl uid 
replacement therapy with haemodilution has not been 
shown to improve stroke outcomes  [365] .  

  Blood  p ressure  m anagement 
 Blood pressure monitoring and treatment is a controver-
sial area in stroke management. Patients with the highest 
and lowest levels of blood pressure in the fi rst 24   h after 
stroke are more likely to have early neurological decline 
and poorer outcomes  [366] . A low or low - normal blood 
pressure at stroke onset is unusual  [367] , and may be the 
result of a large cerebral infarct, cardiac failure, isch-
aemia, hypovolaemia, or sepsis. Blood pressure can 
usually be raised by adequate rehydration with crystalloid 
(saline) solutions; patients with low cardiac output may 
occasionally need inotropic support. However, clinical 
trials of actively elevating a low blood pressure in acute 
stroke have yielded inconclusive results. 

 A systematic review covering a variety of blood pres-
sure altering agents has not provided any convincing 
evidence that active management of blood pressure after 
acute stroke infl uences patient outcomes  [368] . Small 
studies looking at surrogate markers of cerebral blood 
fl ow such as SPECT have indicated that neither perindo-
pril nor losartan lower cerebral blood fl ow when given 
within 2 – 7 days of stroke onset  [369] . Several ongoing 
trials are examining whether blood pressure should be 
lowered after acute stroke, and whether antihypertensive 
therapy should be continued or stopped in the fi rst few 
days after stroke  [370, 371] . In the absence of reliable 
evidence from clinical trials, many clinicians have devel-
oped protocols for the management of extremely high 
blood pressure. In some centres it is common practice to 
begin cautious blood pressure reduction when levels 
exceed 220   mmHg systolic and 120   mmHg diastolic. 
However, in many centres blood pressure reduction is 
only considered in the presence of severe cardiac insuf-
fi ciency, acute renal failure, aortic arch dissection, or 

of stay, but clinical outcomes are inconclusive. In prac-
tice, more intensive monitoring is often provided for 
subgroups of patients, such as those with reduced con-
sciousness, progressing neurological defi cits, or a history 
of cardiorespiratory disease. Close monitoring is also 
required for the fi rst 24   h after thrombolysis. More inva-
sive monitoring procedures, such as central venous cath-
eters or intracranial pressure monitoring, are used only 
in highly selected patient groups. 

  Pulmonary  f unction and 
 a irway  p rotection 
 Normal respiratory function with adequate blood oxy-
genation is believed to be important in the acute stroke 
period to preserve ischaemic brain tissue. However, there 
is no convincing evidence that routine provision of 
oxygen at low fl ow rates to all acute stroke patients is 
effective  [359] . Identifi cation and treatment of hypoxia 
is believed to be important in individuals with extensive 
brainstem or hemispheric stroke, seizure activity, or 
complications such as pneumonia, cardiac failure, pul-
monary embolism, or exacerbation of chronic obstruc-
tive pulmonary disease (COPD). Blood oxygenation is 
usually improved by the administration of 2 – 4 litres of 
oxygen via a nasal tube. Ventilation may be necessary in 
patients with severely compromised respiratory function. 
However, before ventilation is performed the general 
prognosis, coexisting medical conditions, and the pre-
sumed wishes of the patient need to be considered.  

  Cardiac  c are 
 Cardiac arrhythmias, particularly AF, are relatively 
common after stroke, and heart failure, myocardial 
infarction, and sudden death are also recognized compli-
cations  [360, 361] . A signifi cant minority of stroke 
patients show raised blood troponin levels indicative of 
cardiac damage  [362] . Every stroke patient should have 
an initial ECG. Cardiac monitoring should be conducted 
to screen for AF. Optimizing cardiac output with main-
tenance of high normal blood pressure and a normal 
heart rate is a standard component of stroke manage-
ment. The use of inotropic agents is not routine practice, 
but fl uid replacement therapy is commonly used to 
correct hypovolaemia. Increases in cardiac output may 
increase cerebral perfusion. Restoration of normal 
cardiac rhythm using drugs, cardioversion, or pacemaker 
support may occasionally be required.  
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  Specifi c  t reatment     malignant hypertension. In patients undergoing throm-
bolysis it is common practice to avoid systolic blood 
pressures above 185   mmHg. 

 The use of sublingual nifedipine should be avoided 
because of the risk of an abrupt decrease in blood pres-
sure  [372] . Intravenous labetalol or urapadil are fre-
quently used in North America. Sodium nitroprusside is 
sometimes recommended.  

  Blood  g lucose  m anagement 
 Hyperglycaemia occurs in up to 60% of stroke patients 
without known diabetes  [373, 374] . Hyperglycaemia 
after acute stroke is associated with larger infarct volumes 
and cortical involvement, and with poor functional 
outcome  [375 - 377] . There is limited evidence as to 
whether active reduction of glucose in acute ischaemic 
stroke improves patient outcomes. The largest random-
ized trial of blood glucose lowering by glucose potassium 
insulin infusion  [364] , compared with standard i.v. saline 
infusion, found no difference in mortality or functional 
outcomes in patients with mild - to - moderate blood 
glucose elevations (median 137   mg/dl [7.6   mmol/l]). This 
regime was labour - intensive and associated with episodes 
of hypoglycaemia. At present the routine use of insulin 
infusion regimes in patients with moderate hyperglycae-
mia cannot be recommended. However, it is common 
practice in stroke units to reduce blood glucose levels 
exceeding 180   mg/dl (10   mmol/l)  [118] . The use of i.v. 
saline and avoidance of glucose solutions in the fi rst 24   h 
after stroke is common practice, and appears to reduce 
blood glucose levels  [364] . 

 Hypoglycaemia (  50   mg/dl [2.8   mmol/l]) may mimic 
an acute ischaemic infarction, and should be treated by 
i.v. dextrose bolus or infusion of 10 – 20% glucose  [378] .  

  Body  t emperature  m anagement 
 In experimental stroke, hyperthermia is associated with 
increased infarct size and poor outcome  [379] . Raised 
temperature can be centrally driven or a result of concur-
rent infection, and is associated with poorer clinical out-
comes  [380 - 382] . A raised body temperature should 
prompt a search for infection and treatment where 
appropriate. Studies with antipyretic medication have 
been inconclusive, but treatment of raised body tempera-
ture (  37.5 ° C ) with paracetamol is common practice in 
stroke patients.   

 Recommendations 
        •      Intravenous rtPA (0.9   mg/kg body weight, maximum 

90   mg), with 10% of the dose given as a bolus followed 
by a 60 - min infusion, is recommended within 4.5   h of 
onset of ischaemic stroke (Class I, Level A), although 
treatment between 3 and 4.5   h is currently not included in 
the European labelling (modifi ed January 2009).  

   •      The use of multimodal imaging criteria may be useful for 
patient selection for thrombolysis but is not recommended 
for routine clinical practice (Class III, Level C).  

   •      It is recommended that blood pressures of 185/110   mmHg 
or higher is lowered before thrombolysis (Class IV, GCP).  

   •      It is recommended that i.v. rtPA may be used in patients 
with seizures at stroke onset, if the neurological defi cit is 
related to acute cerebral ischaemia (Class IV, GCP).  

   •      It is recommended that i.v. rtPA may also be administered 
in selected patients under 18 years and over 80 years of 
age, although this is outside the current European 
labelling (Class III, Level C).  

   •      Intra - arterial treatment of acute MCA occlusion within a 
6 - h time window is recommended as an option (Class II, 
Level B).  

   •      Intra - arterial thrombolysis is recommended for acute 
basilar occlusion in selected patients (Class III, Level B). 
Intravenous thrombolysis for basilar occlusion is an 
acceptable alternative even after 3   h (Class III, Level B).  

   •      It is recommended that aspirin (160 – 325   mg loading dose) 
be given within 48   h after ischaemic stroke (Class I, Level A).  

   •      It is recommended that if thrombolytic therapy is planned 
or given, aspirin or other antithrombotic therapy should 
not be initiated within 24   h (Class IV, GCP).  

   •      The use of other antiplatelet agents (single or combined) is 
not recommended in the setting of acute ischaemic stroke.  

   •      The administration of glycoprotein - IIb - IIIa inhibitors is not 
recommended (Class I, Level A).  

   •      Early administration of unfractionated heparin, low 
molecular weight heparin, or heparinoids is not 
recommended for the treatment of patients with acute 
ischaemic stroke (Class I, Level A).  

   •      Currently, there is no recommendation to treat ischaemic 
stroke patients with neuroprotective substances (Class I, 
Level A).     

  Thrombolytic  t herapy 

  Intravenous  t issue  p lasminogen  a ctivator 
 Thrombolytic therapy with rtPA (0.9   mg/kg body weight, 
maximum dose 90   mg) given within 3   h after stroke onset 
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advocate rtPA treatment in patients with severe stroke 
(NIHSSS   25), extended early ischaemic changes on CT 
scan, or age above 80 years (unlike the US labelling). 
Nevertheless, observational studies suggest that rtPA 
given within 3   h of stroke onset is safe and effective in 
patients over 80 years of age  [390 – 392] , but more ran-
domized data are pending. The effect of gender on the 
response to rtPA is uncertain  [393] . 

 Thrombolytic therapy appears to be safe and effective 
across various types of hospitals, if the diagnosis is estab-
lished by a physician with stroke expertise and brain 
CT is assessed by an experienced physician  [394 - 396] . 
Whenever possible, the risks and benefi ts of rtPA should 
be discussed with the patient and family before treatment 
is initiated. 

 Blood pressure must be below 185/110   mmHg before, 
and for the fi rst 24   h after, thrombolysis. Management of 
high blood pressure is required  [125] . Protocol violations 
are associated with higher mortality rates  [397, 398] . 

 Continuous transcranial ultrasound was associated 
with an increased rate of early recanalization after rtPA 
in a small randomized trial  [399] ; this effect may be facili-
tated by the administration of microbubbles  [400] . 
However, a randomized clinical trial has recently been 
stopped for undisclosed reasons. 

 Intravenous rtPA may be of benefi t also for acute isch-
aemic stroke beyond 3   h after onset, but is not recom-
mended in clinical routine. The use of multimodal 
imaging criteria may be useful for patient selection. 
Several large observational studies suggest improved 
safety and possibly improved effi cacy in patients treated 
with i.v. rtPA beyond 3   h based on advanced imaging 
fi ndings  [130, 159, 401, 402] . However, available data on 
mismatch, as defi ned by multimodal MRI or CT, are too 
limited to guide thrombolysis in routine practice (see 
also the section on imaging)  [152] . 

 Patients with seizures at stroke onset have been 
excluded from thrombolytic trials because of potential 
confusion with post - ictal Todd ’ s phenomena. Case series 
have suggested that thrombolysis may be used in such 
patients when there is evidence for new ischaemic stroke 
 [390] . 

 Post hoc analyses have identifi ed the following poten-
tial factors associated with increased risk of intracerebral 
bleeding complications after rtPA use  [403] : 
   •      elevated serum glucose  
   •      history of diabetes  

signifi cantly improves outcome in patients with acute 
ischaemic stroke  [125] : the NNT to achieve a favourable 
clinical outcome after 3 months is 7. By contrast, the 
ECASS (European Cooperative Acute Stroke Study) and 
ECASS II studies did not show statistically signifi cant 
superiority of rtPA for the primary endpoints when treat-
ment was given within 6   h  [383, 384] . Trials with rtPA, 
involving a total of 2,889 patients, have shown a signifi -
cant reduction in the number of patients with death or 
dependency (OR 0.83; 95% CI 0.73 – 0.94)  [385] . A 
pooled analysis of individual data of rtPA trials showed 
that, even within a 3 - h window, earlier treatment results 
in a better outcome (0 – 90   min: OR 2.11; 95% CI 1.33 to 
3.55; 90 – 180   min: OR 1.69; 95% CI 1.09 to 2.62)  [386] . 
This analysis suggested a benefi t up to 4.5   h. 

 The recently published trial European Cooperative 
Acute Stroke Study III (ECASS III) has shown that 
i.v. alteplase administered between 3 and 4.5   h (median 
3   h 59   min) after the onset of symptoms signifi cantly 
improves clinical outcomes in patients with acute isch-
emic stroke compared to placebo  [387, 388] ; the absolute 
improvement was 7.2% and the adjusted OR of favour-
able outcome (mRS 0 – 1) was 1.42, 1.02 – 1.98. Mortality 
did not differ signifi cantly (7.7% versus 8.4%), but 
alteplase increased the risk of SICH (2.4% versus 0.2%). 
Treatment benefi t is time - dependent. The number 
needed to treat to get one more favourable outcome 
drops from 2 during the fi rst 90   min through 7 within 3   h 
and towards 14 between 3 and 4.5   h  [387, 388] . 

 The SITS investigators compared 664 patients with 
ischaemic stroke treated between 3 and 4.5   h otherwise 
compliant with the European summary of the product 
characteristics criteria with 11,865 patients treated within 
3   h  [389] . 

 In the 3 – 4.5 - h cohort, treatment was started on average 
55   min later after symptom onset. There were no signifi -
cant differences between the 3 – 4.5 - h cohort and the 3 - h 
cohort for any outcome measures, confi rming that 
alteplase remains safe when given between 3 and 4.5   h 
after the onset of symptoms in ischaemic stroke patients 
who otherwise fulfi l the European summary of product 
characteristics criteria  [389]  (modifi ed January 2009). 

 The NINDS (National Institute of Neurological Disor-
ders and Stroke) Study showed that the extent of early 
ischaemic changes (using the ASPECT score) had no 
effect on treatment response within the 3 - h time window 
 [387] . However, European regulatory agencies do not 
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intravenous or intra - arterial thrombolysis for basilar 
occlusion  [414] .  

  Intra -  a rterial  r ecanalization  d evices 
 The MERCI (Mechanical Embolus Removal in Cerebral 
Embolism) trial evaluated a device that removed the 
thrombus from an intracranial artery. Recanalization was 
achieved in 48% (68/141) of patients in whom the device 
was deployed within 8   h of the onset of stroke symptoms 
 [415] . No RCTs with outcome data are available for any 
recanalization devices.   

  Antiplatelet  t herapy 
 The results of two large randomized, non - blinded, inter-
vention studies indicate that aspirin is safe and effective 
when started within 48   h after stroke  [416, 417] . In abso-
lute terms, 13 more patients were alive and independent 
at the end of follow - up for every 1000 patients treated. 
Furthermore, treatment increased the odds of making a 
complete recovery from the stroke (OR 1.06; 95% CI 
1.01 – 1.11): 10 more patients made a complete recovery 
for every 1000 patients treated. Antiplatelet therapy 
was associated with a small but defi nite excess of 
two symptomatic intracranial haemorrhages for every 
1000 patients treated, but this was more than offset 
by a reduction of seven recurrent ischaemic strokes and 
about one pulmonary embolism for every 1000 patients 
treated. 

 A randomized, double - blind, placebo - controlled trial 
showed that aspirin (325   mg), given once daily for 5 con-
secutive days and starting within 48   h of stroke onset, did 
not signifi cantly reduce stroke progression, compared 
with placebo (RR 0.95; 95% CI 0.62 – 1.45) in patients 
with incomplete paresis  [418] . 

 The use of clopidogrel, dipyridamole, or combinations 
of oral antiplatelet agents in acute ischaemic stroke has 
not been evaluated. 

 In a double - blind phase II, the glycoprotein - IIb - IIIa 
inhibitor abciximab produced a non - signifi cant shift in 
favourable outcomes, as measured by modifi ed Rankin 
scores (mRS) at 3 months, compared with placebo (OR 
1.20; 95% CI 0.84 – 1.70)  [419] . A phase III study evaluat-
ing the safety and effi cacy of abciximab was terminated 
prematurely after 808 patients had been enrolled because 
of an increased rate of symptomatic or fatal intracranial 
bleeding with abciximab compared to placebo (5.5% 
versus 0.5%;  p         0.002). This trial also did not demon-

   •      baseline symptom severity  
   •      advanced age  
   •      increased time to treatment  
   •      previous aspirin use  
   •      history of congestive heart failure  
   •      low plasminogen activator inhibitor activity  
   •      NINDS protocol violations.    
 However, none of these factors reversed the overall 
benefi t of rtPA.  

  Other  i ntravenous  t hrombolytics 
 Intravenous streptokinase was associated with an unac-
ceptable risk of haemorrhage and death  [404, 405] . Intra-
venous desmoteplase administered 3 to 9   h after acute 
ischaemic stroke in patients selected on the basis of per-
fusion/diffusion mismatch was associated with a higher 
rate of reperfusion and better clinical outcome, com-
pared with placebo, in two small randomized clinical 
trials (RCTs)  [406, 407] . These fi ndings were not con-
fi rmed in the phase III DIAS (Desmoteplase in Acute 
Ischemic Stroke) - II study, but this agent will be evaluated 
further.  

  Intra -  a rterial and  c ombined 
( IV     +     IA )  t hrombolysis 
 Intra - arterial thrombolytic treatment of proximal MCA 
occlusion using pro - urokinase (PUK) within 6   h was sig-
nifi cantly associated with better outcome in the PROACT 
II (Pro - urokinase for Acute Ischemic Stroke) trial  [153] . 
Additional smaller RCTs with PUK (PROACT I) or uro-
kinase (MELT) and a meta - analysis of PROACT I, 
PROACT II, and MELT indicate a benefi t of intra - arterial 
thrombolytic therapy in patients with proximal MCA 
occlusions  [408] . Pro - urokinase is not available and 
intra - arterial thrombolysis with tPA is not substantiated 
by RCTs, but observational data and non - randomised 
comparisons are available  [154, 409] . 

 A randomized trial comparing standard i.v. rtPA with 
a combined intravenous and intra - arterial approach 
(IMS3) has started  [410] . 

 Intra - arterial treatment of acute basilar occlusion with 
urokinase or rtPA has been available for more than 20 
years, but has not been tested in an adequately powered 
RCT  [411] , although encouraging results have been 
obtained in observational studies  [412, 413] . A system-
atic analysis found no signifi cant differences between 
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strate an improvement in outcomes with abciximab 
 [420] .  

  Early  a nticoagulation 
 Subcutaneous unfractionated heparin (UFH) at low or 
moderate doses  [415] , nadroparin  [421, 422] , certoparin 
 [423] , tinzaparin  [424] , dalteparin  [425] , and i.v. dan-
aparoid  [426]  have failed to show an overall benefi t of 
anticoagulation when initiated within 24 to 48   h from 
stroke onset. Improvements in outcome or reductions in 
stroke recurrence rates were mostly counterbalanced by 
an increased number of haemorrhagic complications. In 
a meta - analysis of 22 trials, anticoagulant therapy was 
associated with about nine fewer recurrent ischaemic 
strokes per 1000 patients treated (OR 0.76; 95% CI 0.65 –
 0.88), and with about nine more symptomatic intracra-
nial haemorrhages per 1,000 (OR 2.52; 95% CI 1.92 - 3.30) 
 [427] . However, the quality of the trials varied consider-
ably. The anticoagulants tested were standard UFH, low 
molecular weight heparins, heparinoids, oral anticoagu-
lants, and thrombin inhibitors. 

 Few clinical trials have assessed the risk - benefi t ratio 
of very early administration of UFH in acute ischaemic 
stroke. In one study, patients with nonlacunar stroke 
anticoagulated within 3   h had more self - independence 
(38.9% versus 28.6%;  p         0.025), fewer deaths (16.8% 
versus 21.9%;  p         0.189), and more symptomatic brain 
haemorrhages (6.2% versus 1.4%;  p         0.008)  [428] . In 
the RAPID (Rapid Anticoagulation Prevents Ischemic 
Damage) trial, patients allocated UFH had fewer early 
recurrent strokes and a similar incidence of serious 
haemorrhagic events, compared with those receiving 
aspirin  [429] . In the UFH group, ischaemic or haemor-
rhagic worsening was associated with inadequate plasma 
levels of UFH. In view of these fi ndings, the value of UFH 
administered shortly after symptom onset is still debated 
 [430, 431] . 

 RCTs have not identifi ed a net benefi t of heparin for 
any stroke subtype. A meta - analysis restricted to patients 
with acute cardioembolic stroke showed that anticoagu-
lants given within 48   h of clinical onset were associated 
with a non - signifi cant reduction in recurrence of isch-
aemic stroke, but no substantial reduction in death or 
disability  [432] . Despite this lack of evidence, some 
experts recommend full - dose heparin in selected patients, 
such as those with cardiac sources of embolism with high 
risk of re - embolism, arterial dissection, or high - grade 

arterial stenosis prior to surgery. Contraindications for 
heparin treatment include large infarcts (e.g. more than 
50% of MCA territory), uncontrollable arterial hyperten-
sion and advanced microvascular changes in the brain.  

  Neuroprotection 
 No neuroprotection programme has shown improved 
outcome on its predefi ned primary endpoint. Recent 
RCTs with the free radical trapping agent NXY - 059  [433]  
and magnesium sulphate  [434]  were negative. A ran-
domized, placebo - controlled, phase III trial of i.v. rtPA 
followed by antioxidant therapy with uric acid is ongoing, 
following a safe phase II study  [435] . A meta - analysis has 
suggested a mild benefi t with citocoline  [436] ; a clinical 
trial with this agent is in progress.  

  Brain  o edema and  e levated 
 i ntracranial  p ressure 

 Recommendations 
        •      Surgical decompressive therapy within 48   h after symptom 

onset is recommended in patients up to 60 years of age 
with evolving malignant MCA infarcts (Class I, Level A).  

   •      It is recommended that osmotherapy can be used to treat 
elevated intracranial pressure prior to surgery if this is 
considered (Class III, Level C).  

   •      No recommendation can be given regarding hypothermic 
therapy in patients with space - occupying infarctions (Class 
IV, GCP).  

   •      It is recommended that ventriculostomy or surgical 
decompression be considered for treatment of large 
cerebellar infarctions that compress the brainstem (Class 
III, Level C).     

     Space - occupying brain oedema is a main cause of early 
deterioration and death in patients with large supraten-
torial infarcts. Life - threatening brain oedema usually 
develops between the second and fi fth day after stroke 
onset, but up to a third of patients can have neurological 
deterioration within 24   h after symptom onset  [437, 438] . 

  Medical  t herapy 
 Medical therapy in patients with large space - occupying 
infarctions and brain oedema is based mostly on obser-
vational data. Basic management includes head position-
ing at an elevation of up to 30 ° , avoidance of noxious 
stimuli, pain relief, appropriate oxygenation, and nor-
malizing body temperature. If intracranial pressure (ICP) 
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is currently ongoing in the DECIMAL and DESTINY 
studies  [448] . 

 A systematic review of 12 observational retrospective 
studies found age above 50 years to be a predictor of poor 
outcome. The timing of surgery, side of infarction, clini-
cal signs of herniation before surgery, and involvement 
of other vascular territories did not signifi cantly affect 
outcome  [449] .  

  Cerebellar  i nfarction 
 Ventriculostomy and decompressive surgery are consid-
ered treatments of choice for space - occupying cerebellar 
infarctions, although RCTs are lacking. As in space - 
occupying supratentorial infarction, the operation should 
be performed before signs of herniation are present. The 
prognosis among survivors can be very good, even in 
patients who are comatose before surgery.     

  Prevention and  m anagement 
of  c omplications     

monitoring is available, cerebral perfusion pressure 
should be kept above 70   mmHg  [439] . Intravenous glyc-
erol (4        250   ml of 10% glycerol over 30 – 60 minutes) or 
mannitol (25 – 50   g every 3 – 6   h) is fi rst - line medical treat-
ment if clinical or radiological signs of space - occupying 
oedema occur  [440, 441] . Intravenous hypertonic saline 
solutions are probably similarly effective  [442] . Hypo-
tonic and glucose - containing solutions should be avoided 
as replacement fl uids. Dexamethasone and corticoste-
roids are not useful  [443] . Thiopental given as a bolus 
can quickly and signifi cantly reduce ICP, and can be used 
to treat acute crises. Barbiturate treatment requires ICP 
and electroencephalography (EEG) monitoring and 
careful haemodynamic monitoring, as a signifi cant blood 
pressure drop may occur.  

  Hypothermia 
 Mild hypothermia (i.e. brain temperature between 32 
and 33 ° C) reduces mortality in patients with severe MCA 
infarcts, but may cause severe side effects, including 
recurrent ICP crisis during re - warming  [444, 445] . In a 
small RCT, mild hypothermia (35 ° C) in addition to 
decompressive surgery produced a trend towards a better 
clinical outcome than decompressive surgery alone 
( p         0.08)  [446] .  

  Decompressive  s urgery 

  Malignant  MCA   i nfarction 
 A pooled analysis of 93 patients included in the DECIMAL 
(decompressive craniectomy in malignant middle cere-
bral artery infarcts), DESTINY (decompressive surgery 
for the treatment of malignant infarction of the middle 
cerebral artery), and HAMLET (hemicraniectomy after 
middle cerebral artery infarction with life - threatening 
edema trial) trials showed that, compared with the 
control group, at 1 year more patients in the decompres-
sive surgery group had a mRS   4 or mRS   3, and more 
survived (NNTs 2, 4 and 2 respectively)  [447, 448] . There 
was no increase in the proportion of patients who sur-
vived surgery in a vegetative stage (mRS 5). Inclusion 
criteria for this combined analysis were age 18 – 60 years, 
NIHSSS   15, decrease in level of consciousness to a score 
of 1 or greater on item 1a of the NIHSS, infarct signs on 
CT of 50% or more of the MCA territory or   145   cm 3  on 
DWI, and inclusion   45   h after onset (surgery   48   h). 
Follow - up of survival and functional status beyond 1 year 

 Recommendations 
        •      It is recommended that infections after stroke should be 

treated with appropriate antibiotics (Class IV, GCP).  

   •      Prophylactic administration of antibiotics is not 
recommended, and levofl oxacin can be detrimental in 
acute stroke patients (Class II, Level B).  

   •      Early rehydration and graded compression stockings are 
recommended to reduce the incidence of venous 
thromboembolism (Class IV, GCP).  

   •      Early mobilization is recommended to prevent 
complications such as aspiration pneumonia, DVT, and 
pressure ulcers (Class IV, GCP).  

   •      It is recommended that low - dose subcutaneous heparin or 
low molecular weight heparins should be considered for 
patients at high risk of DVT or pulmonary embolism 
(Class I, Level A).  

   •      Administration of anticonvulsants is recommended to 
prevent recurrent post - stroke seizures (Class I, Level A). 
Prophylactic administration of anticonvulsants to patients 
with recent stroke who have not had seizures is not 
recommended (Class IV, GCP).  

   •      An assessment of falls risk is recommended for every 
stroke patient (Class IV, GCP).  

   •      Calcium/vitamin D supplements are recommended in 
stroke patients at risk of falls (Class II, Level B).  

   •      Bisphosphonates (alendronate, etidronate, and risedronate) 
are recommended in women with previous fractures (Class 
II, Level B).  
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0.19 – 0.59) and pulmonary embolism (OR 0.36; 95% CI 
0.15 – 0.87), without an increased risk of intracerebral 
(OR 1.39; 95% CI 0.53 – 3.67) or extracerebral haemor-
rhage (OR 1.44; 95% CI 0.13 – 16), NNT: 7 and 38 for 
DVT and pulmonary embolism respectively, while low -
 dose UFH decreased the thrombosis risk (OR 0.17; 95% 
CI 0.11 – 0.26), but had no infl uence on pulmonary 
embolism (OR 0.83, 95% CI 0.53 – 1.31); the risk of ICH 
was not statistically signifi cantly increased (OR 1.67; 95% 
CI 0.97 – 2.87)  [456] . Nevertheless, prophylaxis with sub-
cutaneous low - dose heparin (5000 IU twice daily) or low 
molecular weight heparins is indicated in patients at high 
risk of DVT or PE (e.g. due to immobilization, obesity, 
diabetes, previous stroke)  [457, 458] .  

  Pressure  u lcer 
 In patients at high risk of developing pressure ulcers, use 
of support surfaces, frequent repositioning, optimizing 
nutritional status, and moisturizing sacral skin are 
appropriate preventive strategies  [459] . The skin of the 
incontinent patient must be kept dry. For patients at 
particularly high risk, an air - fi lled or fl uid - fi lled mattress 
system should be used.  

  Seizures 
 Partial or secondary generalized seizures may occur in 
the acute phase of ischaemic stroke. Standard anti - epi-
leptic drugs should be used based on general principles 
of seizure management. There is no evidence that primary 
prophylactic anticonvulsive treatment is benefi cial.  

  Agitation 
 Agitation and confusion may be a consequence of acute 
stroke, but may also be due to complications such as 
fever, volume depletion, or infection. Adequate treat-
ment of the underlying cause must precede any type of 
sedation or antipsychotic treatment.  

  Falls 
 Falls are common (up to 25%) after stroke in the acute 
setting  [460] , during inpatient rehabilitation  [461] , and 
in the long term  [462] . Likely risk factors for falls in 
stroke survivors  [463]  include cognitive impairment, 
depression, polypharmacy, and sensory impairment 
 [464, 465] . A multidisciplinary prevention package that 
focuses on personal and environmental factors has been 
found to be successful in general rehabilitation settings 

  Aspiration and  p neumonia 
 Bacterial pneumonia is one of the most important com-
plications in stroke patients  [450] , and is mainly caused 
by aspiration  [451] . Aspiration is frequently found in 
patients with reduced consciousness and in those with 
swallowing disturbances. Oral feeding should be with-
held until the patient has demonstrated intact swallowing 
with small amounts of water and intact coughing on 
command. Nasogastric (NG) or percutaneous enteral 
gastrostomy (PEG) feeding may prevent aspiration pneu-
monia, although refl ux of liquid feed, hypostasis, dimin-
ished cough, and immobilization increase the risk. 
Frequent changes of the patient ’ s position in bed and 
pulmonary physical therapy may prevent aspiration 
pneumonia. A brain - mediated immunodepressive state 
contributes to post - stroke infection  [452, 453] . Prophy-
lactic administration of levofl oxacin (500   mg/100   ml/day 
for 3 days) is not better than optimal care for the preven-
tion of infection in patients with nonseptic acute stroke 
and was inversely associated with outcome at day 90 (OR 
0.19; 95% CI 0.04 to 0.87;  p         0.03)  [454] .  

  Deep  v ein  t hrombosis and 
 p ulmonary  e mbolism 
 It is generally accepted that the risk of DVT and pulmo-
nary embolism (PE) can be reduced by early hydration 
and early mobilization. Although graded compression 
stockings are effective in preventing venous thromboem-
bolism in surgical patients, their effi cacy after stroke is 
unproven  [455] . In stroke patients low - dose LMWH 
reduced the incidence of both DVT (OR 0.34; 95% CI 

   •      In stroke patients with urinary incontinence, specialist 
assessment and management is recommended (Class III, 
Level C).  

   •      Swallowing assessment is recommended but there are 
insuffi cient data to recommend a specifi c approach for 
treatment (Class III, GCP).  

   •      Oral dietary supplements are only recommended for 
non - dysphagic stroke patients who are malnourished 
(Class II, Level B) .   

   •      Early commencement of nasogastric (NG) feeding (within 
48   h) is recommended in stroke patients with impaired 
swallowing (Class II, Level B).  

   •      It is recommended that percutaneous enteral gastrostomy 
(PEG) feeding should not be considered in stroke patients 
in the fi rst 2 weeks (Class II, Level B).     
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such as stroke. Estimates of the incidence of malnutrition 
vary from 7 to 15% at admission  [482, 483]  and 22 to 
35% at 2 weeks  [484] . Among patients requiring pro-
longed rehabilitation, the prevalence of malnutrition 
may reach 50%  [485] . Malnutrition predicts a poor func-
tional outcome  [486]  and increased mortality  [487, 488] . 
However, routine supplementation for all acute stroke 
patients did not improve outcomes or reduce complica-
tions  [489] . There are no adequately powered trials of 
targeting supplementation to stroke patients at high risk 
of malnutrition. 

 For patients with continuing dysphagia, options for 
enteral nutrition include NG or PEG feeding. A trial of 
early (median 48   h post - stroke) versus delayed (1 week) 
NG feeding found no signifi cant benefi t of early feeding, 
although there was a trend to fewer deaths in the early 
NG group  [489] . In a related trial examining PEG and 
NG feeding within 30 days, PEG feeding was no better 
than NG and in fact was potentially harmful  [489] . PEG 
feeding has also been studied in longer - term dysphagia. 
Two trials comparing PEG and NG feeding found a trend 
towards improved nutrition with PEG feeding that did 
not reach statistical signifi cance  [490, 491] . Studies that 
have addressed quality of life found it was not improved 
by PEG feeding  [492, 493] .   

  Rehabilitation 

 Even with optimal stroke unit care including thromboly-
sis, fewer than one - third of patients recover fully from 
stroke  [388] . Rehabilitation aims to enable people with 
disabilities to reach and maintain optimal physical, intel-
lectual, psychological, and/or social function  [494] . 
Goals of rehabilitation can shift from initial input to 
minimize impairment to more complex interventions 
designed to encourage active participation. 

  Setting for  r ehabilitation 

 [466, 467] . There is a 5% incidence of serious injury 
 [460] , including hip fractures (which are four - fold more 
common than in age - matched controls  [468] ), which is 
associated with poor outcome  [469] . Exercise  [470] , 
calcium supplements  [471] , and bisphosphonates  [472]  
improve bone strength and decrease fracture rates in 
stroke patients. Hip protectors can reduce the incidence 
of fracture for high - risk groups in institutional care, but 
evidence is less convincing for their use in a community 
setting  [473] .  

  Urinary  t ract  i nfections 
and  i ncontinence 
 Intermittent catheterization has not been shown to 
reduce the risk of infection. Once urinary infection is 
diagnosed, appropriate antibiotics should be chosen; to 
avoid bacterial resistance developing, prophylactic anti-
biotics are best avoided. 

 Urinary incontinence is common after stroke, particu-
larly in older, more disabled, and cognitively impaired 
patients  [476] . Recent estimates suggest a prevalence of 
40 – 60% in an acute stroke population, of whom 25% are 
still incontinent at discharge and 15% remain inconti-
nent at one year  [477] . Urinary incontinence is a strong 
predictor of poor functional outcome, even after correct-
ing for age and functional status  [478] . However, data 
from the available trials are insuffi cient to guide conti-
nence care of adults after stroke  [475, 479] . However, 
there is suggestive evidence that professional input 
through structured assessment and management of care 
and specialist continence nursing may reduce urinary 
incontinence and related symptoms after stroke. Struc-
tured assessment and physical management have been 
shown to improve continence rates in both inpatients 
and outpatients  [475, 477] . However, trials of interven-
tions are insuffi cient in number and quality to make any 
recommendations  [479] .  

  Dysphagia and  f eeding 
 Oropharyngeal dysphagia occurs in up to 50% of patients 
with unilateral hemiplegic stroke  [480] . The prevalence 
of dysphagia is highest in the acute stages of stroke, and 
declines to around 15% at 3 months  [481] . Dysphagia is 
associated with a higher incidence of medical complica-
tions and increased overall mortality  [480] . 

 Withholding or limiting oral intake can worsen the 
catabolic state that may be associated with an acute illness 

 Recommendations 
        •      Admission to a stroke unit is recommended for acute 

stroke patients to receive co - ordinated multidisciplinary 
rehabilitation (Class I, Level A).  

   •      Early initiation of rehabilitation is recommended (Class III, 
Level C).  
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consensus on the defi nition of  ‘ early therapy ’ . Trials 
comparing  ‘ early ’  and  ‘ late ’  initiation of rehabilitation 
have reported improved prognosis if therapy is started 
within 20 – 30 days  [505, 506] . Many of the immediate 
complications of stroke (DVT, skin breakdown, contrac-
ture formation, constipation, and hypostatic pneumo-
nia) are related to immobility  [507] , and hence 
mobilization is a fundamental component of early reha-
bilitation. The optimal timing of fi rst mobilization is 
unclear, but mobilization within the fi rst few days 
appears to be well tolerated  [508] . Preliminary results 
from the ongoing AVERT study of rehabilitation within 
24   h suggest that immediate physical therapy is well toler-
ated with no increase in adverse events  [509] . 

 There are few studies of rehabilitation beyond a year 
after the acute event, and data are inconclusive to make 
a recommendation on rehabilitation in this phase  [510] . 

 Greater intensity of rehabilitation, especially time 
spent working on activities of daily living (ADL), is asso-
ciated with improved functional outcomes  [511, 512] . A 
systematic review of rehabilitation therapies for improv-
ing arm function also suggests a dose – response relation-
ship, although heterogeneity of included studies 
precluded a formal measure of effect size  [513] . Greatest 
benefi ts were observed in studies of lower limb exercises 
and general ADL training. 

 Organisation and  ‘ quality ’  of care may be more impor-
tant than absolute hours of therapy  [514] . In a compari-
son between a dedicated stroke multidisciplinary team 
and usual ward - based rehabilitation, the dedicated team 
achieved better outcomes with signifi cantly fewer hours 
of therapy  [515] .  

  Elements of  r ehabilitation 

     A key characteristic of stroke units is rehabilitation deliv-
ered by a specialized multidisciplinary team  [495] . The 
Stroke Unit Trialists ’  Collaboration  [61]  has shown 
improved survival and functional outcomes for patients 
treated in a dedicated stroke ward, and there are also 
long - term functional benefi ts of dedicated stroke unit 
care; follow - up at 5 and 10 years has revealed persisting 
effi cacy compared with controls  [496, 497] . The fi nancial 
and social implications of prolonged hospitalization have 
prompted increasing interest in services to facilitate early 
return to the community. A multidisciplinary early sup-
ported discharge team with stroke expertise, comprising 
(at least) nursing, physiotherapy, and occupational 
therapy, can signifi cantly reduce bed days for selected 
stroke patients  [498]  who have mild or moderate impair-
ment at baseline  [499] . However, specialist discharge 
services are required; mortality was substantially 
increased when patients were discharged early with only 
generic community support  [500] . 

 A meta - analysis showed that continued rehabilitation 
after discharge during the fi rst year after stroke reduces 
the risk of deterioration in function and improves activi-
ties of daily living  [501] . The interventions included 
occupational therapy, physiotherapy, and multidisci-
plinary teams, and therefore no defi nitive statement 
can be made concerning the optimal mode of service 
delivery.  

  Timing,  d uration and  i ntensity 
of  r ehabilitation 
 The optimal timing of rehabilitation is unclear. Propo-
nents of early therapy cite evidence from functional neu-
roimaging  [502]  and animal studies  [503, 504]  that 
defi ne the peri - infarct period as the crucial time to begin 
rehabilitation. Early initiation of rehabilitation is a key 
component of stroke unit care  [61]  but there is a lack of 

   •      It is recommended that early discharge from stroke unit 
care is possible in medically stable patients with mild or 
moderate impairment providing that rehabilitation is 
delivered in the community by a multidisciplinary team 
with stroke expertise (Class I, Level A).  

   •      It is recommended to continue rehabilitation after 
discharge during the fi rst year after stroke (Class II, 
Level A).  

   •      It is recommended to increase the duration and intensity 
of rehabilitation (Class II, Level B).     

 Recommendations 
        •      Physiotherapy is recommended, but the optimal mode of 

delivery is unclear (Class I, Level A).  

   •      Occupational therapy is recommended, but the optimal 
mode of delivery is unclear (Class I, Level A).  

   •      While assessment for communication defi cits is 
recommended, there are insuffi cient data to recommend 
specifi c treatments (Class III, GCP).  

   •      It is recommended that information is provided to patient 
and carers but evidence does not support use of a 
dedicated stroke liaison service for all patients (Class II, 
Level B).  
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aerobic training can improve exercise capacity in 
individuals with mild to moderate motor defi cit post -
 stroke  [470] . 

 Constraint - induced movement therapy involves 
inten sive task - orientated exercise of the paretic limb, 
with restraint of the non - paretic limb. The EXCITE study 
reported positive results for this method 3 – 9 months 
after stroke in a group of medically stable stroke survi-
vors, with some arm movement benefi t persisting at 1 
year  [524] .  

  Occupational  t herapy 
 A systematic review of nine trials comparing occupa-
tional therapy (OT) - based ADL therapy with usual care 
reported improved functional outcomes in the active 
intervention group  [525] . The data do not justify conclu-
sions on the optimal mode of OT delivery. 

 A meta - analysis of community - based OT trials found 
improved performance on ADL measures. The greatest 
effects were seen in older patients and with the use of 
targeted interventions  [526] . Specifi c leisure - based OT 
therapies did not translate into improved ADL. A trial of 
providing OT intervention to care home residents post -
 stroke found less functional deterioration in the active 
intervention group  [527] . No controlled trial data 
describe the effectiveness of occupational therapy beyond 
1 year after stroke.  

  Speech and  l anguage  t herapy 
 Speech and language therapy (SLT) may optimize safe 
swallowing, and may assist communication. Two trials of 
formal SLT input for dysphagia found no signifi cant dif-
ference to usual care  [528] . A study comparing simple 
written instruction to graded levels of speech and lan-
guage intervention for dysphagia found no difference in 
outcomes between the groups  [529] . 

 Aphasia and dysarthria are common symptoms after 
stroke, and impact on quality of life  [530] . A systematic 
review of SLT for dysarthria in non - progressive brain 
damage (stroke and head injury) found no good - quality 
evidence for benefi t  [531] . Similarly, a systematic review 
of SLT for aphasia  [532]  reported insuffi cient good - 
quality evidence to recommend formal or informal 
interventions. The studies included in this review were 
community - based and had an average time to therapy of 
3 months; they offer little to inform acute ward - based 
rehabilitation. Two related meta - analyses of studies with 

     The results from stroke unit trials favour co - ordinated 
multidisciplinary teams of staff with expertise in stroke 
care  [516] . The composition of these teams is not for-
mally prescribed, but usually includes stroke physicians, 
nursing staff, physiotherapists, occupational therapists, 
and speech and language therapists. 

  Physiotherapy 
 There is no clearly superior model of physiotherapy 
for stroke rehabilitation  [517, 518] , but some evidence 
exists to support specifi c interventions. Several groups 
have shown that strength can be improved in a dose -
 dependent manner, without increasing spasticity  [513] . 
Functional electrical stimulation may increase strength, 
but the effect on clinically relevant outcomes is uncertain 
 [519] . 

 A systematic review did not demonstrate effi cacy of 
treadmill training to improve walking  [520] . Electrome-
chanical gait training in combination with physical 
therapy may be more effective than physiotherapy alone 
 [521] . There are limited data to support the widespread 
use of orthoses and assistive devices  [522] . 

 Cardiovascular fi tness can deteriorate during the 
recovery phase of a stroke. This physical deconditioning 
impairs active rehabilitation and is a risk marker for 
further events  [523] . Meta - analysis has shown that 

   •      It is recommended that rehabilitation be considered for all 
stroke patients, but there is limited evidence to guide 
appropriate treatment for the most severely disabled (Class 
II, Level B).  

   •      While assessment for cognitive defi cits appears desirable, 
there are insuffi cient data to recommend specifi c 
treatments (Class I, Level A).  

   •      It is recommended that patients be monitored for 
depression during hospital stay and throughout follow - up 
(Class IV, Level B).  

   •      Drug therapy and non - drug interventions are 
recommended to improve mood (Class I, Level A).  

   •      Drug therapy should be considered to treat post - stroke 
emotionalism (Class II, Level B).  

   •      Tricyclic or anticonvulsant therapy are recommended to 
treat post - stroke neuropathic pain in selected patients 
(Class III, Level B).  

   •      It is recommended that botulinum toxin be considered to 
treat post - stroke spasticity, but functional benefi ts are 
uncertain (Class III, Level B).     
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pounded by side effects of medications  [546] . It may be 
desirable to discuss issues of sexuality and intimacy with 
patients  [547] . Provision of support and information is 
important; many patients wrongly fear that resuming an 
active sex life may result in further stroke  [548] .  

  Complications  a ffecting  r ehabilitation 
 Rehabilitation can be compromised by complications, 
which may be strong predictors of poor functional 
outcome and mortality. Common complications during 
inpatient rehabilitation include depression, shoulder 
pain, falls, urinary disturbances, and aspiration pneumo-
nia  [549] . Some of these are discussed under  ‘ Prevention 
of complications ’ .  

  Post -  s troke  d epression 
 Post - stroke depression is associated with poor rehabilita-
tion results and ultimately poor outcome  [550, 551] . In 
clinical practice, only a minority of depressed patients are 
diagnosed and even fewer are treated  [552] . Depression 
has been reported in up to 33% of stroke survivors, com-
pared with 13% of age -  and sex - matched controls  [553] , 
but reliable estimates of the incidence and prevalence of 
depression in a stroke cohort are limited  [551] . Predic-
tors of post - stroke depression in the rehabilitation setting 
include increasing physical disability, cognitive impair-
ment, and stroke severity  [551] . There is no consensus 
on the optimal method for screening or diagnosis of 
post - stroke depression. Standard depression screening 
tools may be inappropriate for patients with aphasia or 
cognitive impairment  [554, 555] . 

 Antidepressant drugs such as selective serotonin reup-
take inhibitors (SSRIs) and heterocyclics can improve 
mood after stroke  [556, 557] , but there is less evidence 
that these agents can effect full remission of a major 
depressive episode or prevent depression. SSRIs are 
better tolerated than heterocyclics  [558] . There is no 
good evidence to recommend psychotherapy for treat-
ment or prevention of post - stroke depression  [559] , 
although such therapy can elevate mood. There is a 
lack of robust evidence regarding the effect of treating 
post - stroke depression on rehabilitation or functional 
outcomes. 

 Emotionalism is a distressing symptom for patients 
and carers. SSRIs may reduce emotional outbursts but 
effects on quality of life are not clear  [560] .  

weaker design concluded that improvement in speech is 
greater if SLT is initiated early  [533, 534] . Limited evi-
dence supports the possible use of modifi ed constraint -
 induced therapy for patients with aphasia  [535, 536] .  

  Stroke  l iaison and  i nformation  p rovision 
 A recent systematic review comparing dedicated stroke 
liaison to usual care found no evidence of improvement 
in ADL, subjective health status, or carers ’  health  [537] . 
On subgroup analysis, success of a stroke liaison service 
was predicted by younger age, less severe defi cit, and an 
emphasis on education within the service. 

 Inadequate provision of information is predictive of 
poor quality of life in stroke patients and their families 
 [538] . There is some evidence that combining informa-
tion with educational sessions improves knowledge and 
is more effective than providing information alone  [539] . 
As the patient progresses from hospital - based rehabilita-
tion to the community, involvement of carers in rehabili-
tation becomes increasingly important. Formal training 
of caregivers in delivery of care reduces personal costs 
and improves quality of life  [540] .  

  Other  g roups 
 Depending on patient - specifi c goals, input from various 
other therapists may be appropriate. Such groups include 
dieticians, orthoptists, and social workers. Although there 
has been limited formal research in this area, some authors 
have argued that dedicated staffi ng creates an  ‘ enriched 
environment ’  that encourages practice in rehabilitation 
activities outside periods of formal therapy  [541] .   

  Cognitive  d efi cits 
 Cognitive defi cits are common following stroke and 
impact on quality of life. At present, there is no evidence 
for the effi cacy of specifi c memory rehabilitation  [542] . 
Cognitive training for attention defi cit has not resulted 
in meaningful clinical improvement in ADL measures 
 [543] . Training for spatial neglect has improved impair-
ment measures, but an effect on ADL performance has 
not been demonstrated  [544] . A few studies have assessed 
rehabilitation training strategies in visual inattention and 
apraxia; no specifi c conclusions can be drawn  [545] .  

  Sexuality 
 Sexuality can suffer after a stroke. Underlying physical 
limitations and comorbid vascular disease may be com-
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preventive  [562] . Electrical stimulation is commonly 
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Cochrane systematic review found insuffi cient data to 
recommend the use of orthotic devices for shoulder sub-
luxation, despite a trend towards effi cacy for arm strap-
ping of the affected limb  [564] . 

 Lamotrigine and gabapentin may be considered for 
neuropathic pain  [565] . They appear to be well tolerated, 
but cognitive side effects should be considered. 

 Spasticity in the chronic phase may adversely affect 
ADL and quality of life  [566] . Posture and movement 
therapy, relaxing therapy, splints and supports are all 
commonly employed, but a sound evidence base is 
lacking  [567] . Pharmacotherapy with botulinum toxin 
has proven effects on muscle tone in arms and legs, 
but functional benefi ts are less well studied  [568 - 570] . 
Oral agents are limited in their use because of side 
effects  [571] .  

  Eligibility for  r ehabilitation 
 An important predictor of rehabilitation outcome is 
initial stroke severity  [550] . Pre - stroke disability is clearly 
also a strong determinant of outcome  [572] . Other 
factors, such as sex  [573] , stroke aetiology  [574] , age 
 [575] , and topography of lesion  [576] , have all been 
studied as potential predictors of rehabilitation outcome; 
however, there is no evidence that these non - modifi able 
factors should infl uence decisions on rehabilitation 
 [577] . Admission to a dedicated stroke unit improves 
outcomes for all strokes irrespective of age, sex, and 
severity  [61] . 

 Exclusion from rehabilitation on the basis of pre -
 stroke dependence remains a contentious issue  [578, 
579] . Patients with the most severe cognitive or physical 
impairments have been excluded from most rehabi-
litation trials, and therefore caution is required in 
extrapolating results to this group  [580] . Limited 
data suggest that active rehabilitation allows severely 
disabled patients to return home  [581, 582] . For those 
unable to participate actively, passive movements to 
prevent contractures or pressure sores have been recom-
mended  [2] .   

  Imaging and diagnostics  
 Co - chairs: Michael Hennerici, Mannheim, Germany; 

Markku Kaste, Helsinki, Finland 
 Members: Hugh S. Markus, London, UK; E. Bernd 

Ringelstein, M ü nster, Germany; R ü diger von Kummer, 
Dresden, Germany; Joanna Wardlaw, Edinburgh, 
UK 

 Substantial assistance received from: Oliver M ü ller, Hei-
delberg, Germany 

  Prevention  
 Co - chairs: Philip Bath, Nottingham, UK; Didier Leys, 

Lille, France 
 Members:  Á lvaro Cervera, Barcelona, Spain; L á szl ó  

Csiba, Debrecen, Hungary; Jan Lodder, Maastricht, 
The Netherlands; Nils Gunnar Wahlgren, Stockholm, 
Sweden 

  General treatment  
 Co - chairs: Christoph Diener, Essen, Germany; Peter 

Langhorne, Glasgow, UK 



CHAPTER 9  Acute stroke 135

 Members: Antony Davalos, Barcelona, Spain; Gary Ford, 
Newcastle, UK; Veronika Skvortsova, Moscow, Russia 

  Acute treatment and treatment of complications  
 Co - chairs: Angel Chamorro, Barcelona, Spain; Bo Nor-

rving, Lund, Sweden 
 Members: Valerica Caso, Perugia, Italy; Jean - Louis 

Mas, Paris, France; Victor Obach, Barcelona, Spain; 
Peter A. Ringleb, Heidelberg, Germany; Lars Thomas-
sen, Bergen, Norway 

  Rehabilitation  
 Co - chairs: Kennedy Lees, Glasgow, UK; Danilo Toni, 

Rome, Italy 
 Members: Stefano Paolucci, Rome, Italy; Juhani Sivenius, 

Kuopio, Finland; Katharina Stibrant Sunnerhagen, 
G ö teborg, Sweden; Marion F. Walker, Nottingham, 
UK 

 Substantial assistance received from: Yvonne Teuschl, 
Isabel Henriques, Terence Quinn 

 We want to thank Dr Michael Shaw for his assistance 
during the preparation of this manuscript. 

 Glossary 

  ADC      apparent diffusion coeffi cient  
 ADL      activities of daily living  
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 AR      absolute risk  
 BP      blood pressure  
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 CEA      carotid endarterectomy  
 CE - MRA      contrast - enhanced MR angiography  
 CI      confi dence interval  
 CSF      cerebral spinal fl uid  
 CT      computed tomography  
 CTA      computed tomography angiography  
 CV      cardiovascular  
 DSA      digital subtraction angiograph  
 DVT      deep vein thrombosis  
 DWI      diffusion - weighted imaging  
 ECG      electrocardiography  
 ED      emergency department  
 EEG      electroencephalography  

 EFNS      European Federation of Neurological 
Societies  

 EMS      emergency medical service  
 ESO      European Stroke Organisation  
 EUSI      European Stroke Initiative  
 FLAIR      fl uid attenuated inversion recovery  
 GCP      good clinical practice  
 HR      hazard ratio  
 ICA      internal carotid artery  
 ICP      intracranial pressure  
 INR      international normalized ratio  
 i.v.      intravenous  
 LDL      low density lipoprotein  
 MCA      middle cerebral artery  
 MI      myocardial infarction  
 MRA      magnetic resonance angiography  
 MRI      magnetic resonance imaging  
 mRS      modifi ed Rankin score  
 NASCET      North American Symptomatic Carotid 

Endarterectomy Trial  
 NG      nasogastric  
 NIHSS      National Institutes of Health Stroke 

Scale     
 NINDS      National Institute of Neurological 

Disorders and Stroke  
 NNH      numbers needed to harm  
 NNT      numbers needed to treat  
 OSA      obstructive sleep apnoea  
 OR       odds ratio  
 OT      occupational therapy  
 PE      pulmonary embolism  
 PEG      percutaneous enteral gastrostomy  
 PFO      patent foramen ovale  
 pUK      pro - urokinase  
 QTc      heart rate corrected QT interval  
 RCT      randomized clinical trial  
 RR      relative risk  
 rtPA       recombinant tissue plasminogen 

activator  
 SLT      speech and language therapy  
 SSRI      selective serotonin reuptake inhibitor  
 TCD      transcranial Doppler  
 TOE      transoesophageal echocardiography  
 TIA      transient ischaemic attack  
 TTE      transthoracic echocardiography  
 UFH      unfractionated heparin   
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expert consensus by the respective task force of the EFNS. 
The legal aspects of drug prescription and drug avail-
ability in the different European countries will not be 
considered. The defi nitions of the recommendation 
levels follow the EFNS criteria  [2] .  

  Search  s trategy 

 A literature search was performed using the reference 
databases MEDLINE, Science Citation Index, and the 
Cochrane Library; the key words used were  ‘ migraine ’  
and  ‘ aura ’  (last search in January 2009). All papers pub-
lished in English, German, or French were considered 
when they described a controlled trial or a case series on 
the treatment of at least fi ve patients. In addition, a 
review book  [3]  and the German treatment recommen-
dations for migraine  [4]  were considered.  

  Method for  r eaching  c onsensus 

 All authors performed an independent literature search. 
The fi rst draft of the manuscript was written by the chair-
man of the task force. All other members of the task force 
read the fi rst draft and discussed changes by email. A 
second draft was then written by the chairman and again 
discussed by email. All recommendations had to be 
agreed to by all members of the task force unanimously. 
The background of the research strategy and of reaching 
consensus and the defi nitions of the recommendation 
levels used in this paper have been described in the EFNS 
recommendations  [2] .  

159

   Objectives 

 These guidelines aim to give evidence - based recommen-
dations for the drug treatment of migraine attacks and of 
migraine prophylaxis. The non - drug management (e.g. 
behavioural therapy) will not be included, although it is 
regarded as an important part of migraine treatment. 
Specifi c rare migraine syndromes will be considered as 
well as specifi c situations such as pregnancy and child-
hood. A brief clinical description of the headache disor-
ders is included. The defi nitions follow the diagnostic 
criteria of the International Headache Society (IHS).  

  Background 

 The second edition of the classifi cation of the Interna-
tional Headache Society (IHS) provided a new subclas-
sifi cation of different migraine syndromes  [1] . The basic 
criteria for migraine attacks remained unchanged as 
compared to the fi rst edition (except one semantic 
change). The different migraine syndromes with specifi c 
aura features, however, were classifi ed in a new system. 

 The purpose of this paper is to give evidence - based 
treatment recommendations for migraine attacks and for 
migraine prophylaxis. The recommendations are based 
on the scientifi c evidence from clinical trials and on the 
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migraine  [8 – 11] . The lifetime prevalence of females 
might be even higher, up to 25%  [12] . Before puberty, 
the prevalence of migraine is about 5%, both in boys and 
girls. The highest incidence of migraine attacks is in the 
age between 35 and 45 years, with a female preponder-
ance of 3 to 1. The median duration of untreated migraine 
attacks is 18   h, the median attack frequency is one per 
month.  

  Diagnosis 

 The diagnosis of migraine is based on the typical history 
of the patient and a normal neurological examination. 
Apparative investigations, in particular brain imaging, is 
necessary if secondary headache is suspected (e.g. the 
headache characteristics are untypical), if the course of 
headache attacks changes, or if persistent neurological or 
psychopathological abnormalities are present  [13] . In 
particular, magnetic resonance imaging (MRI) imaging 
(and not computed tomography (CT) imaging with its 

  Clinical  a spects 

 Migraine is an idiopathic headache disorder which is 
characterized by usually moderate to severe, often uni-
lateral and pulsating headache attacks aggravated by 
physical activity and accompanied by vegetative symp-
toms such as nausea, vomiting, photophobia, and pho-
nophobia. The diagnostic criteria for migraine attacks 
and the migraine aura are given in table  10.1 . The dura-
tion of attacks is typically 4 – 72   h, and at least fi ve attacks 
must have occurred before the diagnosis can be estab-
lished. Most of the patients suffer from migraine attacks 
without aura. However, there are several migraine 
syndromes with specifi c aura features and migraine 
syndromes with uncommon courses or complications. 
These syndromes have their own diagnostic criteria, the 
subclassifi cation of these syndromes is given in table  10.2  
 [1] . The diagnostic criteria for these migraine syndromes 
have been published on the homepage of the IHS ( www.
i - h - s.org ).   

 In children, migraine attacks can be shorter (even only 
1 or 2   h) and the accompanying symptoms, such as 
abdominal migraine or periodic syndromes in child-
hood, may be predominant  [5 – 7] .  

  Epidemiology 

 Migraine is one of the most frequent headache disorders. 
About 6 – 8% of males and 12 – 14% of females suffer from 

  Table 10.1    Diagnostic criteria of migraine of the  IHS  
classifi cation (2004). 

     A     At least fi ve attacks fulfi lling criteria B – D  
  B     Headache lasting 4 – 72   h (untreated or unsuccessfully 

treated)  
  C     Headache has at least two of the following characteristics:  

  1.     unilateral location  
  2.     pulsating quality  
  3.     moderate or severe pain intensity  
  4.     aggravation by or causing avoidance of routine physical 

activity (e.g. walking or climbing stairs)    
  D     During headache at least one of the following:  

  1.     nausea and/or vomiting  
  2.     photophobia and phonophobia    

  E     Not attributed to another disorder     

  Table 10.2    Subclassifi cation of migraine according to the  IHS  
classifi cation (2004). 

     1.1     Migraine without aura  
  1.2     Migraine with aura  

  1.2.1     Typical aura with migraine headache  
  1.2.2     Typical aura with non - migraine headache  
  1.2.3     Typical aura without headache  
  1.2.4     Familial hemiplegic migraine  
  1.2.5     Sporadic hemiplegic migraine  
  1.2.6     Basilar - type migraine    

  1.3     Childhood periodic syndromes that are commonly 
precursors of migraine  
  1.3.1     Cyclical vomiting  
  1.3.2     Abdominal migraine  
  1.3.3     Benign paroxysmal vertigo of childhood    

  1.4     Retinal migraine  
  1.5     Complications of migraine  

  1.5.1     Chronic migraine  
  1.5.2     Status migrainosus  
  1.5.3     Persistent aura without infarction  
  1.5.4     Migrainous infarction  
  1.5.5     Migraine - triggered seizure    

  1.6     Probable migraine  
  1.6.1     Probable migraine without aura  
  1.6.2     Probable migraine with aura  
  1.6.3     Probable chronic migraine       
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  Analgesics 
 Drugs of fi rst choice for mild or moderate migraine 
attacks are simple analgesics. Evidence of effi cacy in 
migraine treatment in at least one placebo - controlled 
study has been obtained for acetylsalicylic acid (ASA) up 
to 1000   mg  [16 – 19] , for ibuprofen 200 – 800   mg  [17, 19 –
 21] , for diclofenac 50 – 100   mg  [22 – 24] , for phenazon 
1000   mg  [25] , for metamizol 1000   mg  [26] , for tolfenamic 
acid 200   mg  [27] , and for paracetamol 1000   mg  [28] . In 
addition, the fi xed combination of ASA, paracetamol, and 
caffeine is effective in acute migraine treatment and is 
also more effective than the single substances or combi-
nations without caffeine  [29 – 31] . Intravenous ASA was 
more effective than subcutaneous ergotamine  [32] ; i.v. 
metamizol was superior to placebo in migraine without 
and with aura  [33] . Lysine - ASA in combination with 
metoclopramide had comparable effi cacy as sumatriptan 
 [18] . Effervescent ASA 1000   mg is probably as effective as 
ibuprofen 400   mg and as sumatriptan 50   mg  [19, 34, 35] . 

 Also, the selective COX - 2 inhibitors (coxibs) have been 
investigated in clinical trials. Valdecoxib 20 – 40   mg and 
rofecoxib 25 – 50   mg, the latter one not available on the 
market any more, have shown effi cacy in acute migraine 
treatment  [36 – 39] . However, coxibs are not recom-
mended for acute migraine treatment because of their 
still undetermined risk for vascular events when taken for 
a long period of time. Table  10.3  presents an overview of 
analgesics with effi cacy in acute migraine treatment.   

inferior sensitivity to detect vascular abnormalities 
and lesions) of the brain in migraine is recommended 
when: 
   •      the neurological examination is not normal  
   •      typical migraine attacks occur for the fi rst time after the 
age of 40  
   •      frequency or intensity of migraine attacks continuously 
increase  
   •      the accompanying symptoms of migraine attacks 
change  
   •      new psychiatric symptoms occur in relation to the 
attacks.     

  Drug  t reatment of  m igraine  a ttacks 

 Several large randomized, placebo - controlled trials have 
been published to establish the best drugs for the acute 
management of migraine. In most of these trials, success-
ful treatment of migraine attacks was defi ned by the fol-
lowing criteria  [14] : 
   •      pain - free after 2   h  
   •      improvement of headache from moderate or severe to 
mild or none after 2   h  [15]   
   •      consistent effi cacy in two out of three attacks  
   •      no headache recurrence and no further drug intake 
within 24 hours after successful treatment (so - called sus-
tained pain relief or pain free).    

  Table 10.3    Analgesics with evidence of effi cacy in at least one study on the acute treatment of migraine. The level of recommendation 
also considers side effects and consistency of the studies. 

   Substance     Dose     Level of recommendation     Comment  

  Acetylsalicylic acid    1000   mg (oral)    A    gastrointestinal side effects,  
  (ASA)    1000   mg (i.v.)    A    risk of bleeding  
  Ibuprofen    200 – 800   mg    A    side effects as for ASA  
  Naproxen    500 – 1000   mg    A    side effects as for ASA  
  Diclofenac    50 – 100   mg    A    including diclofenac - K  
  Paracetamol    1000   mg (oral)    A    caution in liver and kidney  
      1000   mg (supp.)    A    failure  
  ASA plus    250   mg (oral)    A    as for ASA and paracetamol plus  
      200 to 250   mg        paracetamol  
  caffeine    50   mg          
  Metamizol    1000   mg (oral)    B    risk of agranulocytosis  
      1000   mg (i.v.)    B    risk of hypotension  
  Phenazon    1000   mg (oral)    B    see paracetamol  
  Tolfenamic acid    200   mg (oral)    B    side effects as for ASA  
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gotamine 2   mg (oral and suppositories respectively). 
Ergot alkaloids can induce drug overuse headache very 
quickly and in very low doses  [50] . Therefore, their use 
must be limited to 10 days per month. Major side effects 
are nausea, vomiting, paraesthesia, and ergotism. Con-
traindications are cardiovascular and cerebrovascular 
diseases, Raynaud ’ s disease, arterial hypertension, renal 
failure, and pregnancy and lactation.  

  Triptans (5 -  HT  1   B   /1   D   -  a gonists) 
 The 5 - HT 1B/1D  receptor agonists sumatriptan, zolmitrip-
tan, naratriptan, rizatriptan, almotriptan, eletriptan, and 
frovatriptan (order in the year of marketing), so - called 
triptans, are specifi c migraine medications and should not 
be applied in other headache disorders except cluster 
headache. The different triptans for migraine therapy are 
presented in table  10.5 . The effi cacy of all triptans has been 
proven in large placebo - controlled trials of which meta -
 analyses have been published  [51, 52] . For sumatriptan 
 [18, 53]  and zolmitriptan  [54] , comparative studies with 
ASA and metoclopramide exist. In these comparative 
studies, the triptans were not or only a little more effi ca-
cious than ASA. In about 60% of non - responders to 
NSAIDs, triptans are effective  [55] . Sumatriptan 6   mg 
subcutaneously is more effective than i.v. ASA 1000   mg 
s.c. but has more side effects  [56] . Ergotamine tartrate was 
less effective in comparative studies with sumatriptan 
 [46] , with eletriptan  [47] , and with almotriptan  [48] . 
Dihydroergotamine imtramuscularly is comparable in 
effi cacy to sumatriptan subcutaneously administered 
 [57] . Triptans can be effective at any time during a 
migraine attack. However, there is evidence that the 
earlier triptans are taken the better their effi cacy is  [58 –
 62] , a phenomenon probably related to attack severity not 
timing of treatment  [63] . It is still debated whether trip-

 To prevent drug overuse headache, the intake of 
simple analgesics should be restricted to 15 days per 
month and the intake of combined analgesics to 10 days 
per month.  

  Antiemetics 
 The use of antiemetics in acute migraine attacks is rec-
ommended to treat nausea and potential emesis, and 
because it is assumed that these drugs improve the 
resorption af analgesics  [40 – 42] . However, there are no 
prospective, placebo - controlled randomized trials to 
prove this assertion. Metoclopramide also has a genuine 
mild analgesic effi cacy when given orally  [43]  and a 
higher effi cacy when given intravenously  [44] . There is 
no evidence that the fi xed combination of an antiemetic 
with an analgesic or with a triptan is more effective than 
the analgesic or triptan alone. Metoclopramide 20   mg is 
recommended for adults and adolescents; in children 
domperidon 10   mg should be used because of the pos-
sible extrapyramidal side effects of metoclopramide. 
Table  10.4  presents the antiemetics recommended for the 
use in migraine attacks.    

  Ergot  a lkaloids 
 There are very few randomised, placebo - controlled trials 
on the effi cacy of ergot alkaloids in the acute migraine 
treatment; although these substances have been used 
for a very long time, very severe events have also been 
reported  [45] . In comparative trials, triptans showed 
better effi cacy than ergot alkaloids  [46 – 49] . The advan-
tage of ergot alkaloids is a lower recurrence rate in some 
patients. Therefore, these substances should be restricted 
to patients with very long migraine attacks or with regular 
recurrence. The only compounds with suffi cient evi-
dence of effi cacy are ergotamine tartrate and dihydroer-

  Table 10.4    Antiemetics recommended for the acute treatment of migraine attacks. 

   Substances     Dose     Level     Comment  

  Metoclopramide    10 – 20   mg (oral)    B    side effect: dyskinesia; contraindicated in 
childhood and in pregnancy;  also analgesic 
effi cacy   

  20   mg (suppository)  
  10   mg (intramuscular, intravenous, 

subcutaneous)  
  Domperidon    20 – 30   mg (oral)    B    side effects less severe than in metoclopramide; 

can be given to children  
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tion with dexamethasone seems to be signifi cantly more 
effective than rizatriptan alone, although this combina-
tion is associated with a higher rate of adverse events 
 [73] . Alternatively, the analgesic can be given with a tem-
poral delay; however, no placebo - controlled trials are 
available for this procedure. Even if a triptan is not effi a-
cious in three consecutive attacks, another triptan can be 
effi cacious  [74, 75] . 

 After application of sumatriptan, severe adverse events 
have been reported, such as myocardial infarction, 
cardiac arrhythmias, and stroke. The incidence of these 
events was about 1 in 1 000 000  [76, 77] . Reports on 
severe adverse events also exist for other triptans and for 
ergotamine tratrate. However, all of the reported patients 
had contraindications against triptans or the diagnosis of 
migraine was wrong. In population - based studies, no 
increased risk of vascular events could be detected for 
triptan users as compared to a healthy population  [78, 
79] . Thus, contraindications for the use of triptans are 
untreated arterial hypertension, coronary heart disease, 
Raynaud ’ s disease, history of ischaemic stroke, preg-
nancy, lactation, and severe liver or renal failure. 

 Due to safety aspects, triptans should not be taken 
during the aura, although no specifi c severe adverse 
events have been reported. The best time for application 
is the very onset of headache. Furthermore, triptans are 
not effi cacious when taken during the aura phase before 
headache has developed  [80, 81] .  

tans are less effi cacious or may even fail when taken after 
the onset of allodynia during a migraine attack  [59, 64] , 
with randomised controlled trials not supporting a dif-
ference for allodynic patients  [62, 65] . A strategy of strictly 
early intake can, however, lead to frequent drug treatment 
in certain patients. The use of triptans is restricted to 
maximum nine days per month by the IHS criteria; 
in epidemiological studies, the risk for chronifi cation 
became signifi cant at 12 days per month of triptan intake 
 [66] . Otherwise, the induction of a drug overuse headache 
is possible for all triptans  [50, 67, 68] . Therefore, in clinical 
practice, a reasonable trade - off has to be agreed on 
between early intake and a reasonable intake frequency.   

 One typical problem of attack treatment in migraine 
is headache recurrence. This is defi ned as a worsening of 
headache after a pain - free state or mild pain has been 
achieved with a drug within 24   h  [69] . This problem is 
more obvious with triptans and NSAIDs than with 
ergots. About 15 – 40% (depending on the primary and 
the lasting effi cacy of the drug) of the patients taking an 
oral triptan experience recurrence. A second dose of the 
triptan is effective in most cases  [70] . If the fi rst dose of 
a triptan is not effective, a second dose is useless. Com-
bining an NSAID, such as naproxen with sumatriptan in 
the published work, reduces headache recurrence and is 
more effi cacious than the single components  [71] . This 
is not the case for the combination of triptans and 
paracetamol  [72] . Interestingly, rizatriptan in combina-

  Table 10.5    Different triptans for the treatment of acute migraine attacks (order in the time of marketing). Not all doses or application 
forms are available in all European countries. 

   Substance     Dose     Level     Comment  

  Sumatriptan    25, 50, 100   mg (oral including rapid - release)    A    100   mg sumatriptan is reference to all triptans  
  25   mg (suppository)    A      
  10, 20   mg (nasal spray)    A      
  6   mg (subcutaneous)    A      

  Zolmitriptan    2.5, 5   mg (oral including disintegrating form)    A      
  2.5, 5   mg (nasal spray)    A      

  Naratriptan    2.5   mg (oral)    A    less but longer effi cacy than sumatriptan  
  Rizatriptan    10   mg (oral including wafer form)    A    5   mg when taking propranolol  
  Almotriptan    12.5   mg (oral)    A    probably fewer side effects than sumatriptan  
  Eletriptan    20, 40   mg (oral)    A    80   mg allowed if 40   mg not effective  
  Frovatriptan    2.5   mg (oral)    A    fewer but longer effi cacy than sumatriptan  

   General side effects for all triptans: Chest symptoms, nausea, distal paraesthesia, fatigue.  
  General contraindications: Arterial hypertension (untreated), coronary heart disease, cerebrovascular disease, Raynaud ’ s disease, 
pregnancy and lactation, age under 18 (except sumatriptan nasal spray) and age above 65, severe liver or kidney failure.   
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argument would no longer be tenable. If migraine recurs 
after successful treatment with a triptan, a second dose of 
this triptan can be given. Another problem in clinical 
practice is inconsistency of effi cacy. Therefore, effi cacy in 
only two out of three attacks is regarded as good.  

  Other  d rugs 
 There is some evidence that the i.v. application of val-
proic acid in a dose of 300 – 800   mg is effi cacious in the 
acute treatment of migraine attacks  [95, 96] , and simi-
larly an older study for i.v. fl unarizine  [97] . However, 
these trials were small and had no power calculation. 
Tramadol in combination with paracetamol has also 
shown effi cacy in acute migraine attacks  [98] . However, 
opioids are of only minor effi cacy, and no modern con-
trolled trials are available for these substances; opioids 
and tranquilizers should not be used in the acute treat-
ment of migraine. CGRP receptor antagonists are a new 
class of substance and have the advantage that they do 
not cause vasoconstriction. The fi rst placebo - controlled 
clinical trials with two different substances, olcegepant 
 [99]  and telcagepant  [100, 101]  have been positive .   

  Migraine  p rophylaxis 

 Prophylactic drug treatment of migraine is possible with 
several drugs. Substances with good effi cacy and tolera-
bility, and evidence of effi cacy, are beta - blockers, calcium 
channel blockers, antiepileptic drugs, NSAIDs, antide-
pressants, and miscellaneous drugs. The use of all these 
drugs, however, is based on empirical data rather than 
on proven pathophysiological concepts. The decision to 
introduce a prophylactic treatment has to be discussed 
carefully with the patient. The effi cacy of the drugs, their 
potential side effects, and their interactions with other 
drugs have to be considered in the individual patient. 
There is no commonly accepted indication for starting a 
prophylactic treatment. In the view of the task force, 
prophylactic drug treatment of migraine should be con-
sidered and discussed with the patient when: 
   •      the quality of life, business duties, or school attendance 
are severely impaired  
   •      frequency of attacks per month is two or higher  
   •      migraine attacks do not respond to acute drug 
treatment  
   •      frequent, very long, or uncomfortable auras occur.    

  Comparison of  t riptans 
 The triptans are a very homogenous group of acute 
migraine drugs with respect to effi cacy, pharmacology, 
and safety. However, some minor differences exist which 
will be discussed to give guidance on which triptan to use 
in an individual patient. It is important to notice that a 
triptan can be effi cacious even if another (or more than 
one other) triptan was not. 

 Subcutaneous sumatriptan has the fastest onset of effi -
cacy of about 10   min  [82] . Oral rizatriptan and eletriptan 
need about 30   min, oral sumatriptan, almotriptan, and 
zolmitriptan need about 45 – 60   min  [51] , and naratriptan 
and frovatriptan need up to 4   h for the onset of effi cacy 
 [83, 84] . Zolmitriptan nasal spray has a shorter duration 
until effi cacy than oral zolmitriptan  [85] . There is no 
evidence that different oral formulations such as rapidly 
disolving tablets, wafer forms, or rapid release forms  [86]  
act earlier than others. 

 Pain relief after 2   h as the most important effi cacy 
parameter is best in subcutaneous sumatripan with up to 
80% responders  [87] . Sumatriptan nasal spray has the 
same effi cacy as oral sumatriptan 50   mg or 100   mg. 
Twenty - fi ve milligram oral sumatriptan is less effective 
than the higher doses but has fewer side effects  [51] . 
Sumatriptan suppositories are about as effective as oral 
sumatriptan 50   mg or 100   mg and should be given to 
patients with vomiting  [88 – 90] . Naratriptan and frovat-
riptan (2.5   mg) are less effective than sumatriptan 50   mg 
or 100   mg but have fewer side effects. The duration until 
the onset of effi cacy is longer in these two triptans as 
compared to all others. Rizatriptan 10   mg is a little more 
effective than sumatriptan 100   mg. Oral zolmitriptan 2.5 
or 5   mg, almotriptan 12.5   mg and eletriptan 40   mg show 
a similar effi cacy and similar side effects  [91 – 93] . Eletrip-
tan 80   mg is the most effective oral triptan but also has 
the most side effects  [51] . 

 Headache reurrence is a major problem in clinical prac-
tice. The recurrence rate is between 15 and 40%. The 
highest recurrence rate is observed after subcutaneous 
sumatriptan. Naratriptan and frovatriptan show the 
lowest recurrence rates but have poor initial response 
rates. Frovatriptan has been compared to sumatriptan but 
the recurrence data have never been made public, which 
at least calls the assertion that is has a lower recurrence 
rate into question. It might be that triptans with a longer 
half - life time have a lower recurrence rate  [94] , although 
if frovatriptan does not have a lower recurrence rate this 
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for the non - selective beta - blocker propranolol  [102, 
103, 107 – 113] . Also, bisoprolol  [106, 114] , timolol  [108, 
115] , and atenolol  [116]  might be effi cacious, but evi-
dence is less convincing compared to propranolol and 
metoprolol.  

  Calcium  c hannel  b lockers 
 The  ‘ non - specifi c ’  calcium channel blocker fl unarizine 
has been shown to be effective in migraine prophylaxis 
in several studies  [105, 113, 117 – 126] . The dose is 
5 – 10   mg; female patients seem to benefi t from lower 
doses than male patients  [127] . Another  ‘ non - specifi c ’  
calcium channel blocker, cyclandelate, has also been 
studied but with confl icting results  [122, 128 – 131] . Since 
the better - designed studies were negative, cyclandelate 
cannot be recommended.  

  Antiepileptic  d rugs 
 Valproic acid in a dose of at least 600   mg  [132 – 135]  and 
topiramte in a dose between 25 and 100   mg  [136 – 139]  
are the two antiepileptic drugs with evidence of effi cacy 
in more than one placebo - controlled trial. The effi cacy 
rates are comparable to those of metoprolol, proprano-
lol, and fl unarizine. Topiramate is also effi cacious in the 
prophylaxis of chronic migraine and may have some 
effect in migraine with medication overuse  [140, 141] . 
Other antiepileptic drugs studied in migraine prophy-
laxis are lamotrigine and gabapentin. Lamotrigine did 
not reduce the frequency of migraine attacks without 
aura but may be effi cacious in reducing the frequency of 
migraine with aura  [142, 143] . Gabapentin showed effi -
cacy in one placebo - controlled trial in doses between 

 A migraine prophylaxis is regarded as successful if the 
frequency of migraine attacks per month is decreased by 
at least 50% within 3 months. For therapy evaluation, a 
migraine diary is extremely useful. In the following para-
graphs, the placebo - controlled trials in migraine prophy-
laxis are summarized. The recommended drugs of fi rst 
choice, according to the consensus of the task force, are 
given in table  10.6 . Tables  10.7  and  10.8  present drugs 
recommended as second or third choice when the drugs 
of table  10.6  are not effective, contraindicated, or when 
comorbidity of the patients suggests the respective drug 
of second or third choice (e.g. amitriptyline for migraine 
prophylaxis in depressed patients or in patients with 
sleep disturbances or with tension - type headache).   

  Beta -  b lockers 
 Beta blockers are clearly effective in migraine prophylaxis 
and very well studied in a lot of placebo - controlled, ran-
domized trials. The best evidence has been obtained 
for the selective beta - blocker metoprolol  [102 – 106]  and 

  Table 10.6    Recommended substances (drugs of fi rst choice) 
for the prophylactic drug treatment of migraine. 

   Substances     Daily dose     Level  

   Beta - blockers   
  Metoprolol    50 – 200   mg    A  
  Propranolol    40 – 240   mg    A  

   Calcium channel blockers   
  Flunarizine    5 – 10   mg    A  

   Antiepileptic drugs   
  Valproic acid    500 – 1800   mg    A  
  Topiramate    25 – 100   mg    A  

  Table 10.7    Drugs of second choice for migraine prophylaxis 
(evidence of effi cacy, but less effective or more side effects 
than drugs of table  10.6 ). 

  Substances    Daily dose    Level  

  Amitriptyline    50 – 150   mg    B  
  Venlafaxine    75 – 150   mg    B  
  Naproxen    2        250 – 500   mg    B  
  Petasites    2        75   mg    B  
  Bisoprolol    5 – 10   mg    B  

  Table 10.8    Drugs of third choice for migraine prophylaxis 
(only probable effi cacy). 

   Substances     Daily dose     Level  

  Acetylsalicylic acid    300   mg    C  
  Gabapentin    1200 – 1600   mg    C  
  Magnesium    24 mmol    C  
  Tanacetum parthenium    3        6.25   mg    C  
  Ribofl avin    400   mg    C  
  Coenzyme Q10    300   mg    C  
  Candesartan    16   mg    C  
  Lisinopril    20   mg    C  
  Methysergide    4 – 12   mg    C  
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in one placebo - controlled trial each  [170, 171] . For oral 
magnesium, confl icting studies (one positive, one nega-
tive) have been published  [172, 173] . A herbal drug with 
evidence of effi cacy is butterbur root extract (Petasites 
hybridus). This has been shown for a remedy with 75   mg 
(two tablets per day) in two placebo - controlled trials 
 [174, 175] . Another herbal remedy, feverfew (Tanacetum 
parthenium), has been studied in several placebo - 
controlled trials with confl icting results. Also, the two 
most recent and best - designed studies showed a negative 
 [176]  and a positive  [177]  result; a Cochrane review 
resulted in a negative meta - analysis of all controlled 
studies on Tanacetum  [178] . However, since there exist 
positive placebo - controlled trials, Tanacetum can be 
tried as a third - line drug (but only as a CO 2  - extraction 
preparation). 

 In older studies, clonidine, pizotifen, and methyser-
gide have shown effi cacy in migraine prophylaxis. The 
more recent and better - designed studies on clonidine, 
however, did not confi rm any effi cacy (for review see 
 [154] . Methysergide, which is clearly effective, can be 
recommended for short - term use only (maximum 6 
months per treatment period) because of potentially 
severe side effects  [179] ; it can be re - established after a 
wash - out period of 4 – 6 weeks. Pizotifen is not generally 
recommended because the effi cacy is not better than in 
the substances mentioned above and the side effects (diz-
ziness, weight gain) are classifi ed as very severe by the 
task force and limit the use too much  [180] . Some experts 
have found it useful in childhood migraine. Ergot alka-
loids have also been used in migraine prophylaxis. The 
evidence for dihydroergotamine is weak, since several 
studies reported both positive and negative results (for 
review see  [154] ). Dihydroergocryptine has also shown 
effi cacy in one small placebo - controlled study  [181] . 

 Botulinum toxin for episodic migraine was studied in 
seven published placebo - controlled trials  [182 – 188] . All 
these placebo - controlled trials were negative; only one 
study showed an effi cacy for the low - dose (but not the 
high - dose) treatment with botulinum toxin  [182] . In 
another study, a post hoc analysis of a subgroup of 
chronic migraine patients without further prophylactic 
treatment showed benefi t from botulinum toxin A  [185] . 
This indication is currently evaluated in a trial pro-
gramme. A press release has suggested two large studies 
of chronic migraine were positive; these data need peer 
review before the treatment can be recommended. 

1200 and 1600   mg using a non - intention - to - treat analysis 
 [144] . Oxcarbazepine was without any effi cacy in a very 
recent study  [145] , as was tonabersat, the GAP junction 
blocker with anti - convulsant properties  [146] .  

   NSAID  s  
 In some comparative trials, ASA was equivalent to or 
worse than a comparator (with known effi cacy in 
migraine) but it has never achieved a better effi cacy than 
placebo in direct comparison. In two large cohort trials, 
ASA 200 – 300   mg reduced the frequency of migraine 
attacks  [147, 148] . Naproxen 1000   mg was better than 
placebo in three controlled trials  [149 – 151] . Tolfenamic 
acid also showed effi cacy in two placebo - controlled trials 
 [152, 153] . Other NSAIDs studied were ketoprofen, mef-
enamic acid, indobufen, fl urbiprofen, and rofecoxib 
 [154] . However, all studies for the latter substances were 
small and had insuffi cient design.  

  Antidepressants 
 The only antidepressant with consistent effi cacy in 
migraine prophylaxis is amitriptyline in doses between 
10 and 150   mg. It has been studied in four older placebo -
 controlled trials, all with positive results  [155 – 158] . Since 
the studies with amitriptyline were small and revealed 
central side effects, this drug is recommended only with 
Level B. For femoxetine, two small, positive placebo -
 controlled trials have been published  [159, 160] . Fluox-
etine in doses between 10 and 40   mg was effective in three 
 [161 – 163]  and not effective in one placebo - controlled 
trial  [164] . Venlafaxine extended release (dose 75 –
 150   mg) has shown effi cacy in one placebo - controlled 
 [165]  and two open trials  [166, 167] , and can therefore 
be recommended as a second choice antidepressant in 
migraine prophylaxis. 

 Other antidepressants not effective in placebo - 
controlled trials were clomipramine and sertraline; 
for several further antidepressants, only open or not 
placebo - controlled trials are available  [154] .  

  Miscellaneous  d rugs 
 The antihypertensive drugs lisinopril  [168]  and cande-
sartan  [169]  showed effi cay in migraine prophylaxis in 
one placebo - controlled trial each. However, these results 
have to be confi rmed before the drugs can defi nitely be 
recommended. The same is true for high - dose ribofl avin 
(400   mg) and coenzyme Q10, which have shown effi cacy 
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syndrome  [202] . Its specifi c effects on menstrual migraine 
(550   mg twice daily) have also been evaluated  [203 – 205] . 
In one trial  [203] , patients reported fewer and less severe 
headaches during the week before menstruation than 
patients treated with placebo, but only severity was signifi -
cantly reduced. In the other two placebo - controlled trials, 
naproxen sodium, given 1 week before and 1 week after 
the start of menstruation, resulted in fewer perimenstrual 
headaches; in one study, severity was not reduced  [205] , 
but in the other, both severity and analgesic requirements 
were decreased  [204] . Even triptans have been used as 
short - term prophylaxis of menstrual migraine. For nara-
triptan (2        1   mg per day for 5 days starting 2 days prior 
to the expected onset of menses) and for frovatriptan 
(2        2.5   mg given for 6 days perimenstrually), superiority 
over placebo has been shown  [206 – 208] ; however, it 
can happen that the menstrual migraine attack is delayed 
until another time of the menstrual cycle  [208] . 

 Another prophylactic treatment regime of menstrual 
migraine is oestrogen replacement therapy. The best evi-
dence, although not as effective as beta - blockers or other 
fi rst - line prophylactic drugs, has been achieved for trans-
dermal estradiol (not less than 100     µ  g given for 6 days 
perimenstrually as a gel or a patch)  [209 – 212] . A recent 
study, however, did not show effi cacy of hormone 
replacement with respect to attack frequency during the 
whole menstrual cycle  [213] .  

  Migraine in  p regnancy 
 There are no specifi c clinical trials evaluating drug treat-
ment of migraine during pregnancy, and most of the 
migraine drugs are contraindicated. Fortunately, most of 
the pregnant migraineurs experience fewer or even no 
migraine attacks. If migraine occurs during pregnancy, 
only paracetamol is allowed during the whole period. 
NSAIDs can be given in the second trimester. These rec-
ommendations are based on the advice of the regulatory 
authorities in most European countries. There may be 
differences in some respect between different countries 
(in particular, NDAIDs might be allowed in the fi rst 
trimester). 

 Triptans and ergot alkaloids are contraindicated. 
For sumatriptan, a large pregnancy register has been 
established with no reports of any adverse events or com-
plications during pregnancy that might be attributed 
to sumatriptan  [214 – 218] . Similar results have been 
published for rizatriptan  [219] . Based on the published 

 Finally, those substances with negative, modern ran-
domized, placebo - controlled, double - blind trials, which 
are not mentioned above, are listed as follows: no effi cacy 
at all in migraine prophylaxis has been shown for 
homoeopathic remedies  [189 – 191] ; for the cysteinyl -
 leukotriene receptor antagonist montelukast  [192] ; for 
acetazolamide 500   mg per day  [193] ; and for the neuro-
kinin - 1 receptor antagonist lanepitant  [194] .   

  Specifi c  s ituations 

  Emergency  s ituation 
 Patients with a severe migraine attack in an emergency 
situation have often already tried oral medication without 
any success. Treatment of fi rst choice in this situation is 
the i.v. application of 1000   mg ASA with or without 
metoclopramide  [56] . Alternatively, 6   mg subcutaneous 
sumatriptan can be given. For the treatment of a status 
migrainosus, 50 – 100   mg prednisone or 10   mg dexameth-
asone is recommended by expert consensus. In placebo -
 controlled trials, however, no consistent effi cacy of this 
procedure in the acute treatment of migraine attacks 
 [195]  or in the prevention of recurrence could be proven 
 [196 – 199] . Also by expert consensus and supported by 
open - label studies, dihydroergotamine 2   mg (nasal spray 
or suppositories) is recommended for severe migraine 
attacks  [38] . The i.v. application of metamizol was sig-
nifi cantly superior to placebo but can cause severe arte-
rial hypotension and allergic reactions  [33, 200] . The i.v. 
application of paracetamol was not effi cacious in a pla-
cebo - controlled trial in acute migraine attacks  [201] .  

  Menstrual  m igraine 
 In the recent 2nd edition of IHS diagnostic criteria, the 
entity of menstrual migraine is to be found in the appen-
dix (and not the main criteria), refl ecting a degree of 
uncertainty about the best criteria. Nevertheless, differ-
ent drug regimes have been studied to treat this condition 
of quite some importance in clinical practice. On the one 
hand, acute migraine treatment with triptans has been 
studied, showing the same effi cacy of triptans in men-
strual migraine attacks as compared to non - menstrual 
migraine attacks. On the other hand, short - term prophy-
laxis of menstrual migraine has been studied. 

 Naproxen sodium (550   mg twice daily) has been shown 
to reduce pain including headache in the premenstrual 



168 SECTION 2  Major Neurological Diseases

 Stefan Evers: Salary by the University of M ü nster; 
honoraries and research grants by Addex Pharm, AGA 
Medical, Allergan, Almirall, AstraZeneca, Berlin Chemie, 
Boehringer, CoLucid, Desitin, Eisai, GlaxoSmithKline, 
Ipsen Pharma, Janssen Cilag, MSD, Novartis, Pfi zer, 
Pharm Allergan, Pierre Fabre, Reckitt - Benckiser, UCB. 

 Judit  Á fra: Salary by the Hungarian Ministry of Health. 
 Achim Frese: Private praxis; honorary by Berlin 

Chemie. 
 Peter J. Goadsby: Salary from University of California, 

San Francisco; honorarium or research grants in 2008 
from Almirall, Boston Scientifi c, Colucid, Eli - Lilly, 
GSK, J & J, MAP Pharmaceuticals MSD, Medtronic, 
Neuralieve. 

 Mattias Linde: Salary by the Swedish government; 
honoraries by AstraZeneca, GlaxoSmithKline, MSD, 
Nycomed, Pfi zer. 

 Arne May: Salary by the University Hospital of 
Hamburg; honoraries by Almirall, AstraZeneca, Bayer 
Vital, Berlin Chemie, GlaxoSmithKline, Janssen Cilag, 
MSD, Pfi zer. 

 Peter S. S á ndor: Salary by the University Hospital of 
Zurich; honoraries by AstraZeneca, GlaxoSmithKline, 
Janssen Cilag, Pfi zer, Pharm Allergan.   

  References   

     1.      Headache Classifi cation Committee of the International 
Headache Society .  The international classifi cation of head-
ache disorders, 2nd edn .  Cephalalgia   2004 ; 24 ( Suppl. 
1 ): 1  –  160 .  

     2.       Brainin   M  ,   Barnes   M  ,   Baron   JC  ,  et al .  Guidance for the 
preparation of neurological management guidelines by 
EFNS scientifi c task forces  –  revised recommendations 
2004 .  Eur J Neurol   2004 ; 11 : 577  –  81 .  

     3.       Olesen   J  ,   Goadsby   PJ  ,   Ramadan   NM  ,   Tfelt - Hansen   P  , 
  Welch   KMA   (eds)  The Headaches ,  3rd edn.   Philadelphia : 
 Lippincott, Williams  &  Wilkins ,  2006 ; pp.  553  –  66 .  

     4.       Evers   S  ,   Kropp   P  ,   Pothmann   R  ,   Heinen   F  ,   Ebinger   F  . 
 Therapie idiopathischer Kopfschmerzen im Kindes -  und 
Jugendalter .  Nervenheilkunde   2008 ; 27 : 1127  –  37 .  

     5.       Lewis   DW  .  Toward the defi nition of childhood migraine . 
 Curr Opin Pediatr   2004 ; 16 : 628  –  36 .  

     6.       Lewis   D  ,   Ashwal   S  ,   Hershey   A  ,   Hirtz   D  ,   Yonker   M  , 
  Silberstein   S  ,  American Academy of Neurology Quality 
Standards Subcommittee .  Practice Committee of the Child 
Neurology Society. Practice parameter: pharmacological 
treatment of migraine headache in children and adoles-

data, administration of triptans in the fi rst trimester of 
pregnancy is recommended by expert consensus if the 
child is more at risk from severe attacks with vomiting 
than from the potential impact of the triptan. For 
migraine prophylaxis, only magnesium and metoprolol 
are recommended during pregnancy (Level B recom-
mendation)  [220] .  

  Migraine in  c hildren and  a dolescents 
 The only analgesics with evidence of effi cacy for acute 
migraine treatment in childhood and adolescents are ibu-
profen 10   mg per kg body weight and paracetamol 15   mg 
per kg body weight  [221] . The only antiemetic licensed for 
the use in children up to 12 years is domperidon. Sumat-
riptan nasal spray 5 – 20   mg is the only triptan with positive 
placebo - controlled trials in the acute migraine treatment 
of children and adolescents  [222 – 224] ; the recommended 
dose for adolescents from the age of 12 is 10   mg. Oral 
triptans did not show signifi cant effi cacy in the fi rst pla-
cebo - controlled childhood and adolescents studies  [225 –
 227] . This was in particular due to high placebo responses 
of about 50% in this age group. In post hoc analyses, 
however, 2.5 – 5   mg zolmitriptan was effective in adoles-
cents from the age of 12 to 17  [228, 229] . In recent trials, 
oral zolmitriptan 2.5   mg  [230] , nasal zolmitriptan 5   mg 
 [231] , and oral rizatriptan 5 – 10   mg  [232]  have been supe-
rior to placebo in acute migraine treatment. Ergotamine 
should not be used in children and adolescents. Also, 
children and adolescents can develop drug - induced head-
ache due to analgesic, ergotamine, or triptan overuse. 

 For migraine prophylaxis, fl unarizine 10   mg and pro-
pranolol 40 – 80   mg per day showed the best evidence of 
effi cacy in children and adolescents  [6, 226] . Recently, 
topiramate in a dose between 15 and 200   mg also showed 
effi cacy in children and adolescents  [233, 234] . Other 
drugs have not been studied or did not show effi cacy in 
appropriate studies.  

  Need of  u pdate 
 These recommendations should be updated within three 
years and should be complemented by recommendations 
for the non - drug treatment of migraine.  

  Confl icts of  i nterest 
 The present guidelines were developed without external 
fi nancial support. The authors report the following 
fi nancial supports. 



CHAPTER 10  Drug treatment of migraine 169

     21.       Kloster   R  ,   Nestvold   K  ,   Vilming   ST  .  A double - blind study 
of ibuprofen versus placebo in the treatment of acute 
migraine attacks .  Cephalalgia   1992 ; 12 : 169  –  71 .  

     22.       Karachalios   GN  ,   Fotiadou   A  ,   Chrisikos   N  ,   Karabetsos  
 A  ,   Kehagioglou   K  .  Treatment of acute migraine attack 
with diclofenac sodium: a double - blind study .  Headache  
 1992 ; 32 : 98  –  100 .  

     23.       Dahl ö f   C  ,   Bj ö rkman   R  .  Diclofenac - K (50 and 100   mg) and 
placebo in the acute treatment of migraine .  Cephalalgia  
 1993 ; 13 : 117  –  23 .  

     24.      The Diclofenac - K/Sumatriptan Migraine Study Group . 
 Acute treatment of migraine attacks: effi cacy and safety 
of a nonsteroidal antiinfl ammatory drug, diclofenac -
 potassium, in comparison to oral sumatriptan and placebo . 
 Cephalalgia   1999 ; 19 : 232  –  40 .  

     25.       G ö bel   H  ,   Heinze   A  ,   Niederberger   U  ,   Witt   T  ,   Zumbroich  
 V  .  Effi cacy of phenazone in the treatment of acute migraine 
attacks: a double - blind, placebo - controlled, randomized 
study .  Cephalalgia   2004 ; 24 : 888  –  93 .  

     26.       Tulunay   FC  ,   Ergun   H  ,   Gulmez   SE  ,  et al .  The effi cacy and 
safety of dipyrone (Novalgin) tablets in the treatment of 
acute migraine attacks: a double - blind, cross - over, ran-
domized, placebo - controlled, multi - center study .  Funct 
Neurol   2004 ; 19 : 197  –  202 .  

     27.       Myllyla   VV  ,   Havanka   H  ,   Herrala   L  ,  et al .  Tolfenamic acid 
rapid release versus sumatriptan in the acute treatment of 
migraine: comparable effect in a double - blind, random-
ized, controlled, parallel - group study .  Headache   1998 ; 38 :
 201  –  7 .  

     28.       Lipton   RB  ,   Baggish   JS  ,   Stewart   WF  ,   Codispoti   JR  ,   Fu   M  . 
 Effi cacy and safety of acetaminophen in the treatment of 
migraine: results of a randomized, double - blind, placebo -
 controlled, population - based study .  Arch Intern Med  
 2000 ; 160 : 3486  –  92 .  

     29.       Lipton   RB  ,   Stewart   WF  ,   Ryan   RE  ,   Saper   J  ,   Silberstein   S  , 
  Sheftell   F  .  Effi cacy and safety of acetaminophen, aspirin, 
and caffeine in alleviating migraine headache pain  –  three 
double - blind, randomized, placebo - controlled trials .  Arch 
Neurol   1998 ; 55 : 210  –  7 .  

     30.       Diener   H  ,   Pfaffenrath   V  ,   Pageler   L  .  The fi xed combination 
of acetylsalicylic acid, paracetamol and caffeine is more 
effective than single substances and dual combination for 
the treatment of headache: a multi - centre, randomized, 
double - blind, single - dose, placebo - controlled parallel 
group study .  Cephalalgia   2005 ; 25 : 776  –  87 .  

     31.       Goldstein   J  ,   Silberstein   SD  ,   Saper   JR  ,   Ryan   RE   Jr  ,   Lipton  
 RB  .  Acetaminophen, aspirin, and caffeine in combination 
versus ibuprofen for acute migraine: results from a 
multicenter, double - blind, randomized, parallel - group, 
single - dose, placebo - controlled study .  Headache   2006 ; 46 :
 444  –  53 .  

cents: report of the American Academy of Neurology 
Quality Standards Subcommittee and the Practice Com-
mittee of the Child Neurology Society .  Neurology   2004 ; 63 :
 2215  –  24 .  

     7.       Maytal   J  ,   Young   M  ,   Shechter   A  ,   Lipton   RB  .  Pediatric 
migraine and the International Headache Society (IHS) 
criteria .  Neurology   1997 ; 48 : 602  –  7 .  

     8.       Rasmussen   BK  ,   Jensen   R  ,   Schroll   M  ,   Olesen   J  .  Epidemiol-
ogy of headache in a general population  –  a prevalence 
study .  J Clin Epidemiol   1991 ; 44 : 1147  –  57 .  

     9.       Rasmussen   BK  .  Epidemiology of headache .  Cephalalgia  
 2001 ; 21 : 774  –  7 .  

     10.       Lipton   R  ,   Scher   A  ,   Kolodner   K  ,   Liberman   J  ,   Steiner   TJ  , 
  Stewart   WF  .  Migraine in the United States: epidemiology 
and patterns of health care use .  Neurology   2002 ; 58 : 885  –  94 .  

     11.       Scher   A  ,   Stewart   WF  ,   Liberman   J  ,   Lipton   RB  .  Prevalence 
of frequent headache in a population sample .  Headache  
 1998 ; 38 : 497  –  506 .  

     12.       Stovner   LJ  ,   Hagen   K  ,   Jensen   R  ,   et al  .  The global burden of 
headache: a documentation of headache prevalence and 
disability worldwide .  Cephalalgia   2007 ; 27 : 193  –  210 .  

     13.      Quality Standards Subcommittee of the American 
Academy of Neurology .  Practice parameter: the utility of 
neuroimaging in the evaluation of headache in patients 
with normal neurologic examinations .  Neurology   1994 ; 44 :
 1353  –  4 .  

     14.       Tfelt - Hansen   P  ,   Block   G  ,   Dahl ö f   C  ,  et al .  Guidelines for 
controlled trials of drugs in migraine: second edition . 
 Cephalalgia   2000 ; 20 : 765  –  86 .  

     15.       Pilgrim   AJ  .  The methods used in clinical trials of sumat-
riptan in migraine .  Headache   1993 ; 33 : 280  –  93 .  

     16.       Chabriat   H  ,   Joire   JE  ,   Danchot   J  ,   Grippon   P  ,   Bousser   MG  . 
 Combined oral lysine acetylsalicylate and metoclopramide 
in the acute treatment of migraine: a multicentre double -
 blind placebo - controlled study .  Cephalalgia   1994 ; 14 :
 297  –  300 .  

     17.       Nebe   J  ,   Heier   M  ,   Diener   HC  .  Low - dose ibuprofen in self -
 medication of mild to moderate headache: a comparison 
with acetylsalicylic acid and placebo .  Cephalalgia   1995 ; 15 :
 531  –  5 .  

     18.       Tfelt - Hansen   P  ,   Henry   P  ,   Mulder   LJ  ,   Scheldewaert   RG  , 
  Schoenen   J  ,   Chazot   G  .  The effectiveness of combined oral 
lysine acetylsalicylate and metoclopramide compared with 
oral sumatriptan for migraine .  Lancet   1995 ; 346 : 923  –  6 .  

     19.       Diener   HC  ,   Bussone   G  ,   de   Liano   H  ,  et al .,  EMSASI Study 
Group .  Placebo - controlled comparison of effervescent 
acetylsalicylic acid, sumatriptan and ibuprofen in the treat-
ment of migraine attacks .  Cephalalgia   2004 ; 24 : 947  –  54 .  

     20.       Havanka - Kanniainen   H  .  Treatment of acute migraine 
attack: ibuprofen and placebo compared .  Headache  
 1989 ; 29 : 507  –  9 .  



170 SECTION 2  Major Neurological Diseases

     47.       Diener   HC  ,   Reches   A  ,   Pascual   J  ,   Pascual   J  ,   Pitei   D  ,   Steiner , 
 TJ  ,  Eletriptan and Cafergot Comparative Study Group . 
 Effi cacy, tolerability and safety of oral eletriptan and ergot-
amine plus caffeine (Cafergot) in the acute treatment 
of migraine: a multicentre, randomised, double - blind, 
placebo - controlled comparison .  Europ Neurol   2002 ; 47 :
 99  –  107 .  

     48.       Lainez   MJ  ,   Galvan   J  ,   Heras   J  ,   Vila   C  .  Crossover, double -
 blind clinical trial comparing almotriptan and ergotamine 
plus caffeine for acute migraine therapy .  Eur J Neurol  
 2007 ; 14 : 269  –  75 .  

     49.       Christie   S  ,   G ö bel   H  ,   Mateos   V  ,   Allen   C  ,   Vrijens   F  , 
  Shivaprakash   M  ,  Rizatriptan - Ergotamine/Caffeine Prefer-
ence Study Group .  Crossover comparison of effi cacy and 
preference for rizatriptan 10   mg versus ergotamine/
caffeine in migraine .  Eur Neurol   2003 ; 49 : 20  –  9 .  

     50.       Evers   S  ,   Gralow   I  ,   Bauer   B  ,  et al .  Sumatriptan and ergota-
mine overuse and drug - induced headache: a clinicoepid-
miologic study .  Clin Neuropharmacol   1999 ; 22 : 201  –  6 .  

     51.       Ferrari   MD  ,   Roon   KI  ,   Lipton   RB  ,   Goadsby   PJ  .  Oral trip-
tans (serotonin 5 - HT1B/1D agonists) in acute migraine 
treatment: a meta - analysis of 53 trials .  Lancet   2001 ; 358 :
 1668  –  75 .  

     52.       Goadsby   PB  ,   Lipton   RB  ,   Ferrai   MD  .  Migraine: current 
understanding and management .  N Engl J Med  
 2002 ; 346 : 257  –  70 .  

     53.      The Oral Sumatriptan and Aspirin plus Metoclopramide 
Comparative Study Group .  A study to compare oral 
sumatriptan with oral aspirin plus oral metoclopramide in 
the acute treatment of migraine .  Eur Neurol   1992 ; 32 :
 177  –  84 .  

     54.       Geraud   G  ,   Compagnon   A  ,   Rossi   A  .  Zolmitriptan versus a 
combination of acetylsalicylic acid and metoclopramide in 
the acute oral treatment of migraine: a double - blind, ran-
domised, three - attack study .  Eur Neurol   2002 ; 47 : 88  –  98 .  

     55.       Diamond   M  ,   Hettiarachchi   J  ,   Hilliard   B  ,   Sands   G  ,   Nett   R  . 
 Effectiveness of eletriptan in acute migraine: primary care 
for Excedrin nonresponders .  Headache   2004 ; 44 : 209  –  16 .  

     56.       Diener   HC  ,  for the ASASUMAMIG Study Group .  Effi cacy 
and safety of intravenous acetylsalicylic acid lysinate 
compared to subcutaneous sumatriptan and parenteral 
placebo in the acute treatment of migraine. A double -
 blind, double - dummy, randomized, multicenter, parallel 
group study .  Cephalalgia   1999 ; 19 : 581  –  8 .  

     57.       Winner   P  ,   Ricalde   O  ,   Force   BL  ,   Saper   J  ,   Margul   B  .  A 
double - blind study of subcutaneous dihydroergotamine 
vs subcutaneous sumatriptan in the treatment of acute 
migraine .  Arch Neurol   1996 ; 53 : 180  –  4 .  

     58.       Pascual   J  ,   Cabarrocas   X  .  Within - patient early versus 
delayed treatment of migraine attacks with almotriptan: 
the sooner the better .  Headache   2002 ; 42 : 28  –  31 .  

     32.       Limmroth   V  ,   May   A  ,   Diener   HC  .  Lysine - acetylsalicylic 
acid in acute migraine attacks .  Eur Neurol   1999 ; 41 : 88  –  93 .  

     33.       Bigal   ME  ,   Bordini   CA  ,   Tepper   SJ  ,   Speciali   JG  .  Intravenous 
dipyrone in the acute treatment of migraine without aura 
and migraine with aura: a randomized, double blind, 
placebo controlled study .  Headache   2002 ; 42 : 862  –  71 .  

     34.       Diener   HC  ,   Eikermann   A  ,   Gessner   U  ,  et al .  Effi cacy of 
1,000   mg effervescent acetylsalicylic acid and sumatriptan 
in treating associated migraine symptoms .  Eur Neurol  
 2004 ; 52 : 50  –  6 .  

     35.       Lampl   C  ,   Voelker   M  ,   Diener   HC  .  Effi cacy and safety of 
1,000   mg effervescent aspirin: individual patient data 
meta - analysis of three trials in migraine headache and 
migraine accompanying symptoms .  J Neurol   2007 ; 254 :
 705  –  12 .  

     36.       Kudrow   D  ,   Thomas   HM  ,   Ruoff   G  ,  et al .  Valdecoxib for 
treatment of a single, acute, moderate to severe migraine 
headache .  Headache   2005 ; 45 : 1151  –  62 .  

     37.       Misra   UK  ,   Jose   M  ,   Kalita   J  .  Rofecoxib versus ibuprofen for 
acute treatment of migraine: a randomised placebo con-
trolled trial .  Postgrad Med J   2004 ; 80 : 720  –  3 .  

     38.       Saper   J  ,   Dahl ö f   C  ,   So   Y  ,   Tfelt - Hansen   P  ,  et al .  Rofecoxib 
in the acute treatment of migraine: a randomized con-
trolled clinical trial .  Headache   2006 ; 46 : 264  –  75 .  

     39.       Silberstein   S  ,   Tepper   S  ,   Brandes   J  ,  et al .  Randomised pla-
cebo - controlled trial of rofecoxib in the acute treatment of 
migraine .  Neurology   2004 ; 62 : 1552  –  7 .  

     40.       Ross - Lee   LM  ,   Eadie   MJ  ,   Heazlewood   V  ,   Bochner   F  , 
  Tyrer   JH  .  Aspirin pharmacokinetics in migraine. The effect 
of metoclopramide .  Eur J Clin Pharmacol   1983 ; 24 : 777  – 
 85 .  

     41.       Waelkens   J  .  Dopamine blockade with domperidone: 
bridge between prophylactic and abortive treatment of 
migraine? A dose - fi nding study .  Cephalalgia   1984 ; 4 : 85  – 
 90 .  

     42.       Schulman   E  ,   Dermott   K  .  Sumatriptan plus metoclo-
pramide in triptan - nonresponsive migraineurs .  Headache  
 2003 ; 43 : 729  –  33 .  

     43.       Ellis   GL  ,   Delaney   J  ,   DeHart   DA  ,   Owens   A  .  The effi cacy of 
metoclopramide in the treatment of migraine headache . 
 Ann Emerg Med   1993 ; 22 : 191  –  5 .  

     44.       Friedman   BW  ,   Corbo   J  ,   Lipton   RB  ,  et al .  A trial of meto-
clopramide vs sumatriptan for the emergency department 
treatment of migraines .  Neurology   2005 ; 64 : 463  –  8 .  

     45.       Tfelt - Hansen   P  ,   Saxena   PR  ,   Dahl ö f   C  ,  et al .  Ergotamine in 
the acute treatment of migraine. A review and European 
consensus .  Brain   2000 ; 123 : 9  –  18 .  

     46.      The Multinational Oral Sumatriptan Cafergot Compara-
tive Study Group .  A randomized, double - blind compari-
son of sumatriptan and Cafergot in the acute treatment of 
migraine .  Eur Neurol   1991 ; 31 : 314  –  22 .  



CHAPTER 10  Drug treatment of migraine 171

tan, dexamethasone, and the combination of both in the 
acute treatment of menstrually related migraine .  Headache  
 2008 ; 48 : 1286  –  93 .  

     74.       Diener   HC  ,   Gendolla   A  ,   Gebert   I  ,   Beneke   M  .  Almotriptan 
in migraine patients who respond poorly to oral sumatrip-
tan: a double - blind, randomized trial .  Headache   2005 ; 45 :
 874  –  82 .  

     75.       Stark   S  ,   Spierings   EL  ,   McNeal   S  ,   Putnam   GP  ,   Bolden -
 Watson   CP  ,   O ’ Quinn   S  .  Naratriptan effi cacy in migraineurs 
who respond poorly to oral sumatriptan .  Headache  
 2000 ; 40 : 513  –  20 .  

     76.       O ’ Quinn   S  ,   Davis   RL  ,   Guttermann   DL  ,  et al .  Prospective 
large - scale study of the tolerability of subcutaneous sumat-
riptan injection for the acute treatment of migraine . 
 Cephalalgia   1999 ; 19 : 223  –  31 .  

     77.       Welch   KMA  ,   Mathew   NT  ,   Stone   P  ,   Rosamond   W  ,   Saiers  
 J  ,   Gutterman   D  .  Tolerability of sumatriptan: clinical trials 
and post - marketing experience .  Cephalalgia   2000 ; 20 :
 687  –  95 .  

     78.       Velentgas   P  ,   Cole   JA  ,   Mo   J  ,   Sikes   CR  ,   Walker   AM  .  Severe 
vascular events in migraine patients .  Headache   2004 ; 44 :
 642  –  51 .  

     79.       Hall   G  ,   Brown   M  ,   Mo   J  ,   MacRae   KD  .  Triptans in migraine: 
the risks of stroke, cardiovascular disease, and death in 
practice .  Neurology   2004 ; 62 : 563  –  8 .  

     80.       Bates   D  ,   Ashford   E  ,   Dawson   R  ,  et al .  Subcutaneous sumat-
riptan during the migraine aura .  Neurology   1994 ; 44 :
 1587  –  92 .  

     81.       Olesen   J  ,   Diener   HC  ,   Schoenen   J  ,   Hettiarachchi   J  .  No effect 
of eletriptan administration during the aura phase of 
migraine. Europ .  J Neurol   2004 ; 11 : 671  –  7 .  

     82.       Tfelt - Hansen   P  .  Sumatriptan for the treatment of migraine 
attacks  –  a review of controlled clinical trials .  Cephalalgia  
 1993 ; 13 : 238  –  44 .  

     83.       Goadsby   PJ  .  Role of naratriptan in clinical practice .  Cepha-
lalgia   1997 ; 17 : 472  –  3 .  

     84.       Markus   F  ,   Mikko   K  .  Frovatriptan review .  Expert Opin 
Pharmacother   2007 ; 8 : 3029  –  33 .  

     85.       Charlesworth   BR  ,   Dowson   AJ  ,   Purdy   A  ,   Becker   WJ  ,   Boes -
 Hansen   S  ,   F ä rkkil ä    M  .  Speed of onset and effi cacy of zol-
mitriptan nasal spray in the acute treatment of migraine: 
a randomised, double - blind, placebo - controlled, dose -
 ranging study versus zolmitriptan tablet .  CNS Drugs  
 2003 ; 17 : 653  –  67 .  

     86.       Dahl ö f   C  ,   Cady   R  ,   Poole   AC  .  Speed of onset and effi cacy 
of sumatriptan fast - disintegrating/rapid release tablets: 
results of two replicate randomised, placebo - controlled 
studies .  Headache Care   2004 ; 1 : 277  –  80 .  

     87.      The Subcutaneous Sumatriptan International Study 
Group .  Treatment of migraine attacks with sumatriptan . 
 N Engl J Med   1991 ; 325 : 316  –  21 .  

     59.       Burstein   R  ,   Collins   B  ,   Jakubowski   M  .  Defeating migraine 
pain with triptans: a race against the development of cuta-
neous allodynia .  Ann Neurol   2004 ; 55 : 19  –  26 .  

     60.       Dowson   A  ,   Massiou   H  ,   Lainez   J  ,   Cabarrocas   X  .  Almotrip-
tan improves response rates when treatment is within 1 
hour of migraine onset .  Headache   2004 ; 44 : 318  –  22 .  

     61.       Cady   R  ,   Martin   V  ,   Mauskop   A  ,  et al .  Effi cacy of rizatriptan 
10   mg administered early in a migraine attack .  Headache  
 2006 ; 46 : 914  –  24 .  

     62.       Goadsby   PJ  ,   Zanchin   G  ,   Geraud   G  ,  et al .  Early versus 
non - early intervention in acute migraine  –   ‘ Act when Mild 
 –  AwM ’ . A double - blind placebo - controlled trial of almo-
triptan .  Cephalalgia   2008 ; 28 : 383  –  91 .  

     63.       Diener   HC  ,   Dodick   DW  ,   Goadsby   PJ  ,   Lipton   RB  ,   Almas  
 M  ,   Parsons   B  .  Identifi cation of negative predictors of pain -
 free response to triptans: analysis of the eletriptan data-
base .  Cephalalgia   2008 ; 28 : 35  –  40 .  

     64.       Linde   M  ,   Mellberg   A  ,   Dahl ö f   C  .  Subcutaneous suma-
triptan provides symptomatic relief at any pain intensity 
or time during the migraine attack .  Cephalalgia   2006 ; 26 :
 113  –  21 .  

     65.       Cady   R  ,   Martin   V  ,   Mauskop   A  ,  et al .  Symptoms of cutaneous 
sensitivity pre - treatment and post - treatment: results from 
the rizatriptan TAME studies .  Cephalalgia   2007 ; 27 : 1055  –  60 .  

     66.       Bigal   ME  ,   Serrano   D  ,   Buse   D  ,   Scher   A  ,   Stewart   WF  ,   Lipton  
 RB  .  Acute migraine medications and evolution from epi-
sodic to chronic migraine: a longitudinal population -
 based study .  Headache   2008 ; 48 : 1157  –  68 .  

     67.       Limmroth   V  ,   Kazarawa   S  ,   Fritsche   G  ,   Diener   HC  .  Head-
ache after frequent use of new serotonin agonists zolmi-
triptan and naratriptan .  Lancet   1999 ; 353 : 378 .  

     68.       Katsarava   Z  ,   Fritsche   G  ,   Muessig   M  ,   Diener   HC  ,   Limmroth  
 V  .  Clinical features of withdrawal headache following 
overuse of triptans and other headache drugs .  Neurology  
 2001 ; 57 : 1694  –  8 .  

     69.       Ferrari   MD  .  How to assess and compare drugs in the man-
agement of migraine: success rates in terms of response 
and recurrence .  Cephalalgia   1999 ; 19 ( Suppl. 23 ): 2  –  8 .  

     70.       Ferrari   MD  ,   James   MH  ,   Bates   D  ,  et al .  Oral sumatriptan: 
effect of a second dose, and incidence and treatment of 
headache recurrences .  Cephalalgia   1994 ; 14 : 330  –  8 .  

     71.       Brandes   JL  ,   Kudrow   D  ,   Stark   SR  ,  et al .  Sumatriptan -
 naproxen for acute treatment of migraine: a randomized 
trial .  JAMA   2007 ; 297 : 1443  –  54 .  

     72.       Freitag   F  ,   Diamond   M  ,   Diamond   S  ,   Janssen   I  ,   Rodgers   A  , 
  Skobieranda   F  .  Effi cacy and tolerability of coadministra-
tion of rizatriptan and acetaminophen vs rizatriptan or 
acetaminophen alone for acute migraine treatment .  Head-
ache   2008 ; 48 : 921  –  30 .  

     73.       Bigal   M  ,   Sheftell   F  ,   Tepper   S  ,   Tepper   D  ,   Ho   TW  ,   Rapoport  
 A  .  A randomized double - blind study comparing rizatrip-



172 SECTION 2  Major Neurological Diseases

calcitonin gene - related peptide receptor, compared with 
zolmitriptan for acute migraine: a randomised, placebo -
 controlled, parallel - treatment trial .  Lancet   2009 ; 372 :
 2115  –  23 .  

  102.       Kangasniemi   P  ,   Hedman   C  .  Metoprolol and propranolol 
in the prophylactic treatment of classical and common 
migraine. A double - blind study .  Cephalalgia   1984 ; 4 :
 91  –  6 .  

  103.       Olsson   JE  ,   Behring   HC  ,   Forssman   B  ,  et al .  Metoprolol and 
propranolol in migraine prophylaxis: a double - blind mul-
ticenter study .  Acta Neurol Scand   1984 ; 70 : 160  –  8 .  

  104.       Steiner   TJ  ,   Joseph   R  ,   Hedman   C  ,   Rose   FC  .  Metoprolol in 
the prophylaxis of migraine: parallel group comparison 
with placebo and dose - ranging follow - up .  Headache  
 1988 ; 28 : 15  –  23 .  

  105.       Sorensen   PS  ,   Larsen   BH  ,   Rasmussen   MJK  ,  et al .  Flunari-
zine versus metoprolol in migraine prophylaxis: a double -
 blind, randomized parallel group study of effi cacy and 
tolerability .  Headache   1991 ; 31 : 650  –  7 .  

  106.       W ö rz   R  ,   Reinhardt - Benmalek   B  ,   Grotemeyer   KH  .  Biso-
prolol and metoprolol in the prophylactic treatment 
of migraine with and without aura  –  a randomized 
double - blind cross - over multicenter study .  Cephalalgia  
 1991 ; 11 ( Suppl. 11 ): 152  –  3 .  

  107.       Diamond   S  ,   Medina   JL  .  Double blind study of propranolol 
for migraine prophylaxis .  Headache   1976 ; 16 : 24  –  7 .  

  108.       Tfelt - Hansen   P  ,   Standnes   B  ,   Kangasniemi   P  ,   Hakkarainen  
 H  ,   Olesen   J  .  Timolol vs. propranolol vs. placebo in 
common migraine prophylaxis: a double - blind multi-
center trial .  Acta Neurol Scand   1984 ; 69 : 1  –  8 .  

  109.       Nadelmann   JW  ,   Stevens   J  ,   Saper   JR  .  Propranolol in the 
prophylaxis of migraine .  Headache   1986 ; 26 : 175  –  82 .  

  110.       Havanka - Kanniainen   H  ,   Hokkanen   E  ,   Myllyl ä    VV  .  Long 
acting propranolol in the prophylaxis of migraine. Com-
parison of the daily doses of 80   mg and 160   mg .  Headache  
 1988 ; 28 : 607  –  11 .  

  111.       Ludin   H - P  .  Flunarizine and propranolol in the treatment 
of migraine .  Headache   1989 ; 29 : 218  –  23 .  

  112.       Holroyd   KA  ,   Penzien   DB  ,   Cordingley   GE  .  Propranolol in 
the management of recurrent migraine: a meta - analytic 
review .  Headache   1991 ; 31 : 333  –  40 .  

  113.       Gawel   MJ  ,   Kreeft   J  ,   Nelson   RF  ,   Simard   D  ,   Arnott   WS  . 
 Comparison of the effi cacy and safety of fl unarizine to 
propranolol in the prophylaxis of migraine .  Can J Neurol 
Sci   1992 ; 19 : 340  –  5 .  

  114.       van de Ven   LLM  ,   Franke   CL  ,   Koehler   PJ  .  Prophylactic 
treatment of migraine with bisoprolol: a placebo - 
controlled study .  Cephalalgia   1997 ; 17 : 596  –  9 .  

  115.       Stellar   S  ,   Ahrens   SP  ,   Meibohm   AR  ,   Reines   SA  .  Migraine 
prevention with timolol. A double - blind crossover study . 
 JAMA   1984 ; 252 : 2576  –  80 .  

     88.       Ryan   R  ,   Elkind   A  ,   Baker   CC  ,   Mullican   W  ,   DeBussey   S  , 
  Asgharnejad   M  .  Sumatriptan nasal spray for the acute 
treatment of migraine .  Neurology   1997 ; 49 : 1225  –  30 .  

     89.       Tepper   SJ  ,   Cochran   A  ,   Hobbs   S  ,   Woessner   M  .  Sumatriptan 
suppositories for the acute treatment of migraine .  Int J Clin 
Pract   1998 ; 52 : 31  –  5 .  

     90.       Becker   WJ  ,  on behalf of the Study Group .  A placebo - 
controlled, dose - defi ning study of sumatriptan nasal spray 
in the acute treatment of migraine .  Cephalalgia   1995 ;
 15 ( Suppl. 14 ): 271  –  6 .  

     91.       Goldstein   J  ,   Ryan   R  ,   Jiang   K  ,  et al .  Crossover comparison 
of rizatriptan 5   mg and 10   mg versus sumatriptan 25 and 
50   mg in migraine .  Headache   1998 ; 38 : 737  –  47 .  

     92.       Tfelt - Hansen   P  ,   Teall   J  ,   Rodriguez   F  ,  et al .  Oral rizatriptan 
versus oral sumatriptan: a direct comparative study in the 
acute treatment of migraine .  Headache   1998 ; 38 : 748  –  55 .  

     93.       Tfelt - Hansen   P  ,   Ryan   RE  .  Oral therapy for migraine: com-
parisons between rizatriptan and sumatriptan. A review of 
four randomized, double - blind clinical trials .  Neurology  
 2000 ; 55 ( Suppl. 2 ): S19  –  24 .  

     94.       Geraud   G  ,   Keywood   C  ,   Senard   JM  .  Migraine headache 
recurrence: relationship to clinical, pharmacological, and 
pharmacokinetic properties of triptans .  Headache  
 2003 ; 43 : 376  –  88 .  

     95.       Edwards   KR  ,   Norton   J  ,   Behnke   M  .  Comparison of intra-
venous valproate versus intramuscular dihydroergotamine 
and metoclopramide for acute treatment of migraine 
headache .  Headache   2001 ; 41 : 976  –  80 .  

     96.       Leniger   T  ,   Pageler   L  ,   Stude   P  ,   Diener   HC  ,   Limmroth   V  . 
 Comparison of intravenous valproate with intravenous 
lysine - acetylsalicylic acid in acute migraine attacks .  Head-
ache   2005 ; 45 : 42  –  6 .  

     97.       Soyka   D  ,   Taneri   Z  ,   Oestreich   W  ,   Schmidt   R  .  Flunarizine 
i.v. in the acute treatment of the migraine attack. A double -
 blind placebo - controlled study .  Cephalalgia   1988 ; 8 ( Suppl. 
8 ): 35  –  40 .  

     98.       Silberstein   SD  ,   Freitag   FG  ,   Rozen   TD  ,  et al .  Tramadol/
Acetaminophen for the treatment of acute migraine pain: 
fi ndings of a randomized, placebo - controlled trial .  Head-
ache   2005 ; 45 : 1317  –  27 .  

     99.       Olesen   J  ,   Diener   HC  ,   Husstedt   IW  ,  et al .  BIBN 4096 BS 
Clinical Proof of Concept Study Group. Calcitonin gene -
 related peptide receptor antagonist BIBN 4096 BS for the 
acute treatment of migraine .  N Engl J Med   2004 ; 350 :
 1104  –  10 .  

  100.       Ho   TW  ,   Mannix   LK  ,   Fan   X  ,  et al .  MK - 0974 Protocol 004 
study group. Randomized controlled trial of an oral CGRP 
receptor antagonist, MK - 0974, in acute treatment of 
migraine .  Neurology   2008 ; 70 : 1304  –  12 .  

  101.       Ho   TW  ,   Ferrari   MD  ,   Dodick   DW  ,  et al .  Effi cacy and toler-
ability of MK - 0974 (telcagepant), a new oral antagonist of 



CHAPTER 10  Drug treatment of migraine 173

phylaxis of migraine: a placebo - controlled study .  Cepha-
lalgia   2001 ; 21 : 66  –  70 .  

  132.       Kaniecki   RG  .  A comparison of divalproex with proprano-
lol and placebo for the prophylaxis of migraine without 
aura .  Arch Neurol   1997 ; 54 : 1141  –  5 .  

  133.       Klapper   J  ,  on behalf of the Divalproex Sodium in Migraine 
Prophylaxis Study Group .  Divalproex sodium in migraine 
prophylaxis: a dose - controlled study .  Cephalalgia   1997 ; 17 :
 103  –  8 .  

  134.       Silberstein   SD  ,   Collins   SD  ,   Carlson   H  .  Safety and effi cacy 
of once - daily, extended - release divalproex sodium mono-
therapy for the prophylaxis of migraine headaches .  Cepha-
lalgia   2000 ; 20 : 269 .  

  135.       Freitag   F  ,   Collins   S  ,   Carlson   H  ,  et al .  Depakote ER Migraine 
Study Group .  A randomized trial of divalproex sodium 
extended - release tablets in migraine prophylaxis .  Neurol-
ogy   2002 ; 58 : 1652  –  9 .  

  136.       Brandes   J  ,   Saper   J  ,   Diamond   M  ,  et al .,  MIGR - 002 Study 
Group .  Topiramate for migraine prevention: a random-
ized controlled trial .  JAMA   2004 ; 291 : 965  –  73 .  

  137.       Diener   H  ,   Tfelt - Hansen   P  ,   Dahl ö f   C  ,  et al.   MIGR - 003 
Study Group. Topiramate in migraine prophylaxis: results 
from a placebo - controlled trial with propranolol as an 
active control .  J Neurol   2004 ; 251 : 943  –  50 .  

  138.       Mei   D  ,   Capuano   A  ,   Vollono   C  ,  et al .  Topiramate in 
migraine prophylaxis: a randomised double - blind versus 
placebo study .  Neurol Sci   2004 ; 25 : 245  –  50 .  

  139.       Silberstein   SD  ,   Neto   W  ,   Schmitt   J  ,   Jacobs   D  .  Topiramate 
in migraine prevention: results of a large controlled trial . 
 Arch Neurol   2004 ; 61 : 490  –  5 .  

  140.       Diener   HC  ,   Bussone   G  ,   Van   Oene   JC  ,   Lahaye   M  ,   Schwalen  
 S  ,   Goadsby   PJ  .  TOPMAT - MIG - 201(TOP - CHROME) 
Study Group. Topiramate reduces headache days in 
chronic migraine: a randomized, double - blind, placebo -
 controlled study .  Cephalalgia   2007 ; 27 : 814  –  23 .  

  141.       Silberstein   SD  ,   Lipton   RB  ,   Dodick   DW  ,  et al .  Effi cacy and 
safety of topiramate for the treatment of chronic migraine: 
a randomized, double - blind, placebo - controlled trial . 
 Headache   2007 ; 47 : 170  –  80 .  

  142.       Steiner   TJ  ,   Findley   LJ  ,   Yuen   AWC  .  Lamotrigine versus 
placebo in the prophylaxis of migraine with and without 
aura .  Cephalalgia   1997 ; 17 : 109  –  12 .  

  143.       Lampl   C  ,   Buzath   A  ,   Klinger   D  ,   Neumann   K  .  Lamotrigine 
in the prophylactic treatment of migraine aura  –  a pilot 
study .  Cephalalgia   1999 ; 19 : 58  –  63 .  

  144.       Mathew   NT  ,   Rapoport   A  ,   Saper   J  ,  et al .  Effi cacy of gabap-
entin in migraine prophylaxis .  Headache   2001 ; 41 : 119  –  28 .  

  145.       Silberstein   S  ,   Saper   J  ,   Berenson   F  ,   Somogyi   M  ,   McCague  
 K  ,   D ’ Souza   J  .  Oxcarbazepine in migraine headache: a 
double - blind, randomized, placebo - controlled study .  Neu-
rology   2008 ; 70 : 548  –  55 .  

  116.       Johannsson   V  ,   Nilsson   LR  ,   Widelius   T  ,  et al .  Atenolol in 
migraine prophylaxis a double - blind cross - over multicen-
tre study .  Headache   1987 ; 27 : 372  –  4 .  

  117.       Louis   P  .  A double - blind placebo - controlled prophylactic 
study of fl unarizine in migraine .  Headache   1981 ; 21 :
 235  –  9 .  

  118.       Diamond   S  ,   Schenbaum   H  .  Flunarizine, a calcium channel 
blocker, in the prophylactic treatment of migraine .  Head-
ache   1983 ; 23 : 39  –  42 .  

  119.       Amery   WK  ,   Caers   LI  ,   Aerts   TJL  .  Flunarizine, a calcium 
entry blocker in migraine prophylaxis .  Headache   1985 ; 25 :
 249  –  54 .  

  120.       Bono   G  ,   Manzoni   GC  ,   Martucci   N  ,  et al .  Flunarizine in 
common migraine: Italian cooperative trial. II. Long - term 
follow - up .  Cephalalgia   1985 ; 5 ( Suppl. 2 ): 155  –  8 .  

  121.       Centonze   V  ,   Tesauro   P  ,   Magrone   D  ,  et al .  Effi cacy and 
tolerability of fl unarizine in the prophylaxis of migraine . 
 Cephalalgia   1985 ; 5 ( Suppl. 2 ): 163  –  8 .  

  122.       Nappi   G  ,   Sandrini   G  ,   Savoini   G  ,   Cavallini   A  ,   de   Rysky   C  , 
  Micieli   G  .  Comparative effi cacy of cyclandelate versus fl u-
narizine in the prophylactic treatment of migraine .  Drugs  
 1987 ; 33 ( Suppl. 2 ): 103  –  9 .  

  123.       Freitag   FG  ,   Diamond   S  ,   Diamond   M  .  A placebo controlled 
trial of fl unarizine in migraine prophylaxis .  Cephalalgia  
 1991 ; 11 ( Suppl. 11 ): 157  –  8 .  

  124.       Bassi   P  ,   Brunati   L  ,   Rapuzzi   B  ,   Alberti   E  ,   Mangoni   A  .  Low 
dose fl unarizine in the prophylaxis of migraine .  Headache  
 1992 ; 32 : 390  –  2 .  

  125.       Diamond   S  ,   Freitag   FG  .  A double blind trial of fl unarizine 
in migraine prophylaxis .  Headache Quart   1993 ; 4 : 169  –  72 .  

  126.       Balkan   S  ,   Aktekin   B  ,    Ö nal   Z  .  Effi cacy of fl unarizine in the 
prophylactic treatment of migraine .  Gazi Med J   1994 ; 5 :
 81  –  4 .  

  127.       Diener   H  ,   Matias - Guiu   J  ,   Hartung   E  ,  et al .  Effi cacy and 
tolerability in migraine prophylaxis of fl unarizine in 
reduced doses: a comparison with propranolol 160   mg 
daily .  Cephalalgia   2002 ; 22 : 209  –  21 .  

  128.       Gerber   WD  ,   Schellenberg   R  ,   Thom   M  ,  et al .  Cyclandelate 
versus propranolol in the prophylaxis of migraine  –  a 
double - blind placebo - controlled study .  Funct Neurol  
 1995 ; 10 : 27  –  35 .  

  129.       Diener   HC  ,   F ö h   M  ,   Iaccarino   C  ,  et al .  Cyclandelate in the 
prophylaxis of migraine: a randomized, parallel, double -
 blind study in comparison with placebo and propranolol . 
 Cephalalgia   1996 ; 16 : 441  –  7 .  

  130.       Siniatchkin   M  ,   Gerber   WD  ,   Vein   A  .  Clinical effi cacy and 
central mechanisms of cyclandelate in migraine: a double -
 blind placebo - controlled study .  Funct Neurol   1998 ; 13 :
 47  –  56 .  

  131.       Diener   H  ,   Krupp   P  ,   Schmitt   T  ,   Steitz   G  ,   Milde   K  ,   Freytag  
 S  ,  on behalf of the Study Group. Cyclandelate in the pro-



174 SECTION 2  Major Neurological Diseases

comparison with placebo .  Acta Neurol Scand   1981 ; 64 :
 452  –  9 .  

  161.       Adly   C  ,   Straumanis   J  ,   Chesson   A  .  Fluoxetine prophylaxis 
of migraine .  Headache   1992 ; 32 : 101  –  4 .  

  162.       Steiner   TJ  ,   Ahmed   F  ,   Findley   LJ  ,   MacGregor   EA  , 
  Wilkinson   M  .  S - fl uoxetine in the prophylaxis of migraine: 
a phase II double - blind randomized placebo - controlled 
study .  Cephalalgia   1998 ; 18 : 283  –  6 .  

  163.       d ’ Amato   CC  ,   Pizza   V  ,   Marmolo   T  ,   Giordano   E  ,   Alfano   V  , 
  Nasta   A  .  Fluoxetine for migraine prophylaxis: a double -
 blind trial .  Headache   1999 ; 39 : 716  –  9 .  

  164.       Saper   JR  ,   Silberstein   SD  ,   Lake   AE  ,   Winters   ME  .  Double -
 blind trial of fl uoxetine: chronic daily headache and 
migraine .  Headache   1994 ; 34 : 497  –  502 .  

  165.       Ozyalcin   SN  ,   Talu   GK  ,   Kiziltan   E  ,   Yucel   B  ,   Ertas   M  ,   Disci  
 R  .  The effi cacy and safety of venlafaxine in the prophylaxis 
of migraine .  Headache   2005 ; 45 : 144  –  52 .  

  166.       Adelman   LC  ,   Adelman   JU  ,   von Seggern   R  ,   Mannix   LK  . 
 Venlafaxine extended release (XR) for the prophylaxis of 
migraine and tension - type headache: a retrospective study 
in a clinical setting .  Headache   2000 ; 40 : 572  –  80 .  

  167.       Bulut   S  ,   Berilgen   MS  ,   Baran   A  ,   Tekatas   A  ,   Atmaca   M  , 
  Mungen   B  .  Venlafaxine versus amitriptyline in the 
prophylactic treatment of migraine: randomized, double -
 blind, crossover study .  Clin Neurol Neurosurg   2004 ; 107 :
 44  –  8 .  

  168.       Schrader   H  ,   Stovner   LJ  ,   Helde   G  ,   Sand   T  ,   Bovim   G  . 
 Prophylactic treatment of migraine with angiotensin 
converting enzyme inhibitor (lisinopril): randomised, 
placebo - controlled, crossover trial .  BMJ   2001 ; 322 : 19  –  22 .  

  169.       Tronvik   E  ,   Stovner   LJ  ,   Helde   G  ,   Sand   T  ,   Bovim   G  .  Pro-
phylactic treatment of migraine with an angiotensin II 
receptor blocker. A randomized controlled trial .  JAMA  
 2002 ; 289 : 65  –  9 .  

  170.       Schoenen   J  ,   Jacquy   J  ,   Lenaerts   M  .  Effectiveness of high -
 dose ribofl avin in migraine prophylaxis  –  a randomized 
controlled trial .  Neurology   1998 ; 50 : 466  –  70 .  

  171.       Sandor   PS  ,   di   Clemente   L  ,   Coppola   G  ,  et al .  Effi cacy of 
coenzyme Q10 in migraine prophylaxis: a randomised 
controlled trial .  Neurology   2005 ; 64 : 713  –  5 .  

  172.       Pfaffenrath   V  ,   Wessely   P  ,   Meyer   C  ,  et al .  Magnesium in the 
prophylaxis of migraine  –  a double - blind, placebo - con-
trolled study .  Cephalalgia   1996 ; 16 : 436  –  40 .  

  173.       Peikert   A  ,   Wilimzig   C  ,   K ö hne - Volland   R  .  Prophylaxis of 
migraine with oral magnesium: results from a prospective, 
multi - center, placebo - controlled and double - blind ran-
domized study .  Cephalalgia   1996 ; 16 : 257  –  63 .  

  174.       Diener   HC  ,   Rahlfs   VW  ,   Danesch   U  .  The fi rst placebo -
 controlled trial of a special butterbur root extract for the 
prevention of migraine: reanalysis of effi cacy criteria .  Eur 
Neurol   2004 ; 51 : 89  –  97 .  

  146.       Goadsby   PJ  ,   Ferrari   MD  ,   Csanyi   A  ,   Olesen   J  ,   Mills   JG  . 
 Randomized double blind, placebo - controlled proof - of -
 concept study of the cortical spreading depression inhibit-
ing agent tonabersat in migraine prophylaxis .  Cephalalgia  
 2009 ; 29 : 742  –  50 .    

  147.       Peto   R  ,   Gray   R  ,   Collins   R  ,   Wheatly   K  ,   Hennekens  
 C  ,   Jamrozik   K  .  Randomised trial of prophylactic daily 
aspirin in male British doctors .  BMJ   1988 ; 296 : 313  – 
 6 .  

  148.       Buring   JE  ,   Peto   R  ,   Hennekens   CH  .  Low - dose aspirin for 
migraine prophylaxis .  JAMA   1990 ; 264 : 1711  –  3 .  

  149.       Ziegler   DK  ,   Ellis   DJ  .  Naproxen in prophylaxis of migraine . 
 Arch Neurol   1985 ; 42 : 582  –  4 .  

  150.       Welch   KMA  ,   Ellis   DJ  ,   Keenan   PA  .  Successful migraine 
prophylaxis with naproxen sodium .  Neurology   1985 ; 35 :
 1304  –  10 .  

  151.       Bellavance   AJ  ,   Meloche   JP  .  A comparative study of 
naproxen sodium, pizotyline and placebo in migraine pro-
phylaxis .  Headache   1990 ; 30 : 710  –  5 .  

  152.       Mikkelsen   BM  ,   Falk   JV  .  Prophylactic treatment of migraine 
with tolfenamic acid: a comparative double - blind cross-
over study between tolfenamic acid and placebo .  Acta 
Neurol Scand   1982 ; 66 : 105  –  11 .  

  153.       Mikkelsen   B  ,   Pedersen   KK  ,   Christiansen   LV  .  Prophylactic 
treatment of migraine with tolfenamic acid, propranolol 
and placebo .  Acta Neurol Scand   1986 ; 73 : 423  –  7 .  

  154.       Evers   S  ,   Mylecharane   E  .  Nonsteroidal antiinfl ammatory 
and miscellaneous drugs in migraine prophylaxis . In: 
  Olesen   J  ,   Goadsby   PJ  ,   Ramadan   N  ,   Tfelt - Hansen   P  , 
  Welch   KMA   (eds)  The Headaches ,  3rd edn.   Philadelphia : 
 Lippincott ,  2006 ; pp.  553  –  66 .  

  155.       Gomersall   JD  ,   Stuart   A  .  Amitriptyline in migraine prophy-
laxis: changes in pattern of attacks during a controlled 
clinical trial .  J Neurol Neurosurg Psychchiatry   1973 ; 36 :
 684  –  90 .  

  156.       Couch   JR  ,   Hassanein   RS  .  Amitriptyline in migraine pro-
phylaxis .  Arch Neurol   1979 ; 36 : 695  –  9 .  

  157.       Ziegler   DK  ,   Hurwitz   A  ,   Hassanein   RS  ,   Kodanaz   HA  , 
  Preskorn   SH  ,   Mason   J  .  Migraine prophylaxis. A compari-
son of propranolol and amitriptyline .  Arch Neurol   1987 ; 44 :
 486  –  9 .  

  158.       Ziegler   DK  ,   Hurwitz   A  ,   Preskorn   S  ,   Hassanein   R  ,   Seim   J  . 
 Propranolol and amitriptyline in prophylaxis of migraine: 
pharmacokinetic and therapeutic effects .  Arch Neurol  
 1993 ; 50 : 825  –  30 .  

  159.       Orholm   M  ,   Honor é    PF  ,   Zeeberg   I  .  A randomized general 
practice group - comparative study of femoxetine and 
placebo in the prophylaxis of migraine .  Acta Neurol Scand  
 1986 ; 74 : 235  –  9 .  

  160.       Zeeberg   I  ,   Orholm   M  ,   Nielsen   JD  ,   Honore   PLF  ,   Larsen   JJV  . 
 Femoxetine in the prophylaxis of migraine  –  a randomised 



CHAPTER 10  Drug treatment of migraine 175

  188.       Relja   M  ,   Poole   AC  ,   Schoenen   J  ,   Pascual   J  ,   Lei   X  ,   Thompson  
 C  ,  European BoNTA Headache Study Group .  A multicen-
tre, double - blind, randomized, placebo - controlled, paral-
lel group study of multiple treatments of botulinum toxin 
type A (BoNTA) for the prophylaxis of episodic migraine 
headaches .  Cephalalgia   2007 ; 27 : 492  –  503 .  

  189.       Whitmarsh   TE  ,   Coleston - Shields   DM  ,   Steiner   TJ  .  Double -
 blind randomized placebo - controlled study of homoeo-
pathic prophylaxis of migraine .  Cephalalgia   1997 ; 17 :
 600  –  4 .  

  190.       Walach   H  ,   Haeusler   W  ,   Lowes   T  ,  et al .  Classical homeo-
pathic treatment of chronic headaches .  Cephalalgia  
 1997 ; 17 : 119  –  26 .  

  191.       Straumsheim   P  ,   Borchgrevink   C  ,   Mowinckel   P  ,   Kierulf   H  , 
  Hafslund   O  .  Homeopathic treatment of migraine: a double 
blind, placebo controlled trial of 68 patients .  Br Homeo-
path J   2000 ; 89 : 4  –  7 .  

  192.       Brandes   JL  ,   Visser   WH  ,   Farmer   MV  ,  et al .,  Protocol 125 
study group .  Montelukast for migraine prophylaxis: a ran-
domized, double - blind, placebo - controlled study .  Head-
ache   2004 ; 44 : 581  –  6 .  

  193.       Vahedi   K  ,   Taupin   P  ,   Djomby   R  ,  et al .,  DIAMIG investiga-
tors .  Effi cacy and tolerability of acetazolamide in migraine 
prophylaxis: a randomised placebo - controlled trial .  J 
Neurol   2002 ; 249 : 206  –  11 .  

  194.       Goldstein   DJ  ,   Offen   WW  ,   Klein   EG  ,  et al .  Lanepitant, an 
NK - 1 antagonist, in migraine prevention .  Cephalalgia  
 2001 ; 21 : 102  –  6 .  

  195.       Friedman   BW  ,   Greenwald   P  ,   Bania   TC  ,  et al .  Randomized 
trial of IV dexamethasone for acute migraine in the emer-
gency department .  Neurology   2007 ; 69 : 2038  –  44 .  

  196.       Donaldson   D  ,   Sundermann   R  ,   Jackson   R  ,   Bastani   A  .  Intra-
venous dexamethasone vs placebo as adjunctive therapy to 
reduce the recurrence rate of acute migraine headaches: a 
multicenter, double - blinded, placebo - controlled random-
ized clinical trial .  Am J Emerg Med   2008 ; 26 : 124  –  30 .  

  197.       Innes   GD  ,   Macphail   I  ,   Dillon   EC  ,   Metcalfe   C  ,   Gao   M  . 
 Dexamethasone prevents relapse after emergency depart-
ment treatment of acute migraine: a randomized clinical 
trial .  CJEM   1999 ; 1 : 26  –  33 .  

  198.       Rowe   BH  ,   Colman   I  ,   Edmonds   ML  ,   Blitz   S  ,   Walker   A  , 
  Wiens   S  .  Randomized controlled trial of intravenous dexa-
methasone to prevent relapse in acute migraine headache . 
 Headache   2008 ; 48 : 333  –  40 .  

  199.       Baden   EY  ,   Hunter   CJ  .  Intravenous dexamethasone to 
prevent the recurrence of benign headache after discharge 
from the emergency department: a randomized, double -
 blind, placebo - controlled clinical trial .  CJEM   2006 ; 8 :
 393  –  400 .  

  200.       Bigal   ME  ,   Bordini   CA  ,   Speciali   JG  .  Intravenous metamizol 
(Dipyrone) in acute migraine treatment and in episodic 

  175.       Lipton   RB  ,   G ö bel   H  ,   Einh ä upl   KM  ,   Wilks   K  ,   Mauskop   A  . 
 Petasites hybridus root (butterbur) is an effective preven-
tive treatment for migraine .  Neurology   2004 ; 63 : 2240  –  4 .  

  176.       Pfaffenrath   V  ,   Diener   HC  ,   Fischer   M  ,   Friede   M  , 
  Henneicke - von Zepelin   HH  ,  Investigators .  The effi cacy 
and safety of Tanacetum parthenium (feverfew) in 
migraineprophylaxis  –  a double - blind, multicentre, ran-
domized placebo - controlled dose - response study .  Cepha-
lalgia   2002 ; 22 : 523  –  32 .  

  177.       Diener   HC  ,   Pfaffenrath   V  ,   Schnitker   J  ,   Friede   M  ,   Hen-
neicke - von Zepelin   HH  .  Effi cacy and safety of 6.25   mg 
t.i.d. feverfew CO2 - extract (MIG - 99) in migraine preven-
tion  –  a randomized, double - blind, multicentre, placebo -
 controlled study .  Cephalalgia   2005 ; 25 : 1031  –  41 .  

  178.       Pittler   MH  ,   Ernst   E  .  Feverfew for preventing migraine . 
 Cochrane Database Syst Rev   2004 ;( 1 ): CD002286 .  

  179.       Silberstein   SD  .  Methysergide .  Cephalalgia   1998 ; 18 : 421  – 
 35 .  

  180.       Mylecharane   EJ  .  5 - HT2 receptor antagonists and migraine 
therapy .  J Neurol   1991 ; 238 ( Suppl. 1 ): S45  –  52 .  

  181.       Canonico   PL  ,   Scapagnini   U  ,   Genazzani   E  ,   Zanotti   A  .  Dihy-
droergokryptine (DEK) in the prophylaxis of common 
migraine: double - blind clinical study vs placebo .  Cephalal-
gia   1989 ; 9 ( Suppl. 10 ): 446  –  7 .  

  182.       Silberstein   S  ,   Mathew   N  ,   Saper   J  ,   Jenkins   S  .  Botulinum 
toxin type A as a migraine preventive treatment .  Headache  
 2000 ; 40 : 445  –  50 .  

  183.       Brin   MF  ,   Swope   DM  ,   O ’ Brian   C  ,   Abbasi   S  ,   Pogoda   JM  . 
 Botox for migraine: double - blind, placebo - controlled, 
region - specifi c evaluation .  Cephalalgia   2000 ; 20 : 421  –  2 .  

  184.       Evers   S  ,   Vollmer - Haase   J  ,   Schwaag   S  ,   Rahmann   A  , 
  Husstedt   IW  ,   Frese   A  .  Botulinum toxin A in the pro-
phylactic treatment of migraine  –  a randomized, double -
 blind, placebo - controlled study .  Cephalalgia   2004 ; 24 :
 838  –  43 .  

  185.       Dodick   DW  ,   Mauskop   A  ,   Elkind   AH  ,   DeGryse   R  ,   Brin   MF  , 
  Silberstein   SD  ,  BOTOX CDH Study Group .  Botulinum 
toxin type A for the prophylaxis of chronic daily headache: 
subgroup analysis of patients not receiving other prophy-
lactic medications: a randomized double - blind, placebo -
 controlled study .  Headache   2005 ; 45 : 315  –  24 .  

  186.       Saper   JR  ,   Mathew   NT  ,   Loder   EW  ,   DeGryse   R  ,   VanDen-
burgh   AM  ,  BoNTA - 009 Study Group .  A double - blind, 
randomized, placebo - controlled comparison of botulinum 
toxin type a injection sites and doses in the prevention of 
episodic migraine .  Pain Med   2007 ; 8 : 478  –  85 .  

  187.       Aurora   SK  ,   Gawel   M  ,   Brandes   JL  ,   Pokta   S  ,   Vandenburgh  
 AM  ,  BOTOX North American Episodic Migraine Study 
Group .  Botulinum toxin type a prophylactic treatment of 
episodic migraine: a randomized, double - blind, placebo -
 controlled exploratory study .  Headache   2007 ; 47 : 486  –  99 .  



176 SECTION 2  Major Neurological Diseases

 blind placebo - controlled crossover study .  Neurology  
 2006 ; 67 : 2159  –  63 .  

  214.       O ’ Quinn   S  ,   Ephross   SA  ,   Williams   V  ,   Davis   RL  ,   Gutterman  
 DL  ,   Fox   AW  .  Pregnancy and perinatal outcomes in 
migraineurs using sumatriptan: a prospective study .  Arch 
Gynecol Obstet   1999 ; 263 : 7  –  12 .  

  215.       Olesen   C  ,   Steffensen   FH  ,   Sorensen   HT  ,   Nielsen   GL  ,   Olsen  
 J  .  Pregnancy outcome following prescription for sumatrip-
tan .  Headache   2000 ; 40 : 20  –  4 .  

  216.       K ä llen   B  ,   Lygner   PE  .  Delivery outcome in women who 
used drugs for migraine during pregnancy with special 
reference to sumatriptan .  Headache   2001 ; 41 : 351  –  6 .  

  217.       Fox   AW  ,   Chambers   CD  ,   Anderson   PO  ,   Diamond   ML  , 
  Spierings   EL  .  Evidence - based assessment of pregnancy 
outcome after sumatriptan exposure .  Headache   2002 ; 42 :
 8  –  15 .  

  218.       Loder   E  .  Safety of sumatriptan in pregnancy: a review of 
the data so far .  CNS Drugs   2003 ; 17 : 1  –  7 .  

  219.       Evans   EW  ,   Lorber   KC  .  Use of 5 - HT1 agonists in preg-
nancy .  Ann Pharmacother   2008 ; 42 : 543  –  9 .  

  220.       Goadsby   PJ  ,   Goldberg   J  ,   Silberstein   SD  .  The pregnant 
migraineur: what can be done?   Br Med J   2008 ; 336 :
 1502  –  4 .  

  221.       Evers   S  ,   May   A  ,   Fritsche   G  ,  et al .  Akuttherapie und 
Prophylaxe der Migr ä ne. Leitlinie der Deutschen 
Migr ä ne -  und Kopfschmerzgesellschaft und der Deutschen 
Gesellschaft f ü r Neurologie .  Nervenheilkunde   2008 ; 27 :
 933  –  49 .  

  222.        Ü berall   MA  ,   Wenzel   D  .  Intranasal sumatriptan for the 
acute treatment of migraine in children .  Neurology  
 1999 ; 52 : 1507  –  10 .  

  223.       Winner   P  ,   Rothner   AD  ,   Saper   J  ,  et al .  A randomized, dou-
ble - blind, placebo - controlled study of sumatriptan nasal 
spray in the treatment of acute migraine in adolescents . 
 Pediatrics   2000 ; 106 : 989  –  97 .  

  224.       Ahonen   K  ,   H ä m ä l ä inen   M  ,   Rantala   H  ,   Hoppu   K  . 
 Nasal sumatriptan is effective in treatment of migraine 
attacks in children: a randomized trial .  Neurology   2004 ; 62 :
 883  –  7 .  

  225.       H ä m ä l ä inen   ML  ,   Hoppu   K  ,   Santavuori   P  .  Sumatriptan 
for migraine attacks in children: a randomized placebo -
 controlled study. Do children with migraine attacks 
respond to oral sumatriptan differently from adults?   Neu-
rology   1997 ; 48 : 1100  –  3 .  

  226.       Evers   S  .  Drug treatment of migraine in children. A com-
parative review .  Paediatr Drugs   1999 ; 1 : 7  –  18 .  

  227.       Winner   P  ,   Lewis   D  ,   Visser   H  ,   Jiang   K  ,   Ahrens   S  ,   Evans   JK  , 
 Rizatriptan Adolescent Study Group .  Rizatriptan 5   mg for 
the acute treatment of migraine in adolescents: a random-
ized, double - blind, placebo - controlled study .  Headache  
 2002 ; 42 : 49  –  55 .  

tension - type headache  –  a placebo - controlled study .  Ceph-
alalgia   2001 ; 21 : 90  –  5 .  

  201.       Leinisch   E  ,   Evers   S  ,   Kaempfe   N  ,  et al .  Evaluation of the 
effi cacy of intravenous acetaminophen in the treatment of 
acute migraine attacks: a double - blind, placebo - controlled 
parallel group multicenter study .  Pain   2005 ; 117 : 396  –  400 .  

  202.       Facchinetti   F  ,   Fioroni   L  ,   Sances   G  ,   Romano   G  ,   Nappi   G  , 
  Genazzani   AR  .  Naproxen sodium in the treatment of pre-
menstrual symptoms: a placebo - controlled study .  Gynecol 
Obstet Invest   1989 ; 28 : 205  –  8 .  

  203.       Sargent   J  ,   Solbach   P  ,   Damasio   H  ,  et al .  A comparison of 
naproxen sodium to propranolol hydrochloride and a 
placebo control for the prophylaxis of migraine headache . 
 Headache   1985 ; 25 : 320  –  4 .  

  204.       Sances   G  ,   Martignoni   E  ,   Fioroni   L  ,   Blandini   F  ,   Facchinetti  
 F  ,   Nappi   G  .  Naproxen sodium in menstrual migraine pro-
phylaxis: a double - blind placebo controlled study .  Head-
ache   1990 ; 30 : 705  –  9 .  

  205.       Szekely   B  ,   Merryman   S  ,   Croft   H  ,   Post   G  .  Prophylactic 
effects of naproxen sodium on perimenstrual headache: a 
double - blind, placebo - controlled study .  Cephalalgia  
 1989 ; 9 ( Suppl. 10 ): 452  –  3 .  

  206.       Newman   L  ,   Mannix   LK  ,   Landy   S  ,  et al .  Naratriptan as 
short - term prophylaxis in menstrually associated migraine: 
a randomised, double - blind, placebo - controlled study . 
 Headache   2001 ; 41 : 248  –  56 .  

  207.       Silberstein   SD  ,   Elkind   AH  ,   Schreiber   C  ,   Keywood   C  .  A 
randomized trial of frovatriptan for the intermittent pre-
vention of menstrual migraine .  Neurology   2004 ; 63 : 261  –  9 .  

  208.       Mannix   LK  ,   Savani   N  ,   Landy   S  ,  et al .  Effi cacy and tolerabil-
ity of naratriptan for short - term prevention of menstrually 
related migraine: data from two randomized, double -
 blind, placebo - controlled studies .  Headache   2007 ; 47 :
 1037  –  49 .  

  209.       De   Lignieres   B  ,   Mauvais - Javis   P  ,   Mas   JML  ,   Mas   JL  , 
  Touboul   PJ  ,   Bousser   MG  .  Prevention of menstrual 
migraine by percutaneous oestradiol .  BMJ   1986 ; 293 : 1540 .  

  210.       Dennerstein   L  ,   Morse   C  ,   Burrows   G  ,   Oats   J  ,   Brown   J  , 
  Smith   M  .  Menstrual migraine: a double blind trial of per-
cutaneous oestradiol .  Gynecol Endocrinol   1988 ; 2 : 113  –  20 .  

  211.       Smits   MG  ,   van den Meer   YG  ,   Pfeil   JPJM  ,   Rijnierse   JJMM  , 
  Vos   AJM  .  Perimenstrual migraine: effect of Estraderm TTS 
and the value of contingent negative variation and extero-
ceptive temporalis muscle suppression test .  Headache  
 1994 ; 34 : 103  –  6 .  

  212.       Pradalier   A  ,   Vincent   D  ,   Beaulieu   PH  ,   Baudesson   G  ,   Launay  
 J - M  .  Correlation between estradiol plasma level and thera-
peutic effect on menstrual migraine .  Proc 10th Migraine 
Trust Symp   1994 ; 129  –  32 .    

  213.       MacGregor   EA  ,   Frith   A  ,   Ellis   J  ,   Aspinall   L  ,   Hackshaw   A  . 
 Prevention of menstrual attacks of migraine: a double -



CHAPTER 10  Drug treatment of migraine 177

triptan nasal spray in adolescent migraine .  Pediatrics  
 2007 ; 120 : 390  –  6 .  

  232.       Ahonen   K  ,   H ä m ä l ä inen   ML  ,   Eerola   M  ,   Hoppu   K  .  A ran-
domized trial of rizatriptan in migraine attacks in children . 
 Neurology   2006 ; 67 : 1135  –  40 .  

  233.       Winner   P  ,   Pearlman   EM  ,   Linder   SL  ,   Jordan   DM  ,   Fisher  
 AC  ,   Hulihan   J  .  Topiramate for migraine prevention in 
children: a randomized, double - blind, placebo - controlled 
trial .  Headache   2005 ; 45 : 1304  –  12 .  

  234.       Winner   P  ,   Gendolla   A  ,   Stayer   C  ,  et al .  Topiramate for 
migraine prevention in adolescents: a pooled analysis of 
effi cacy and safety .  Headache   2006 ; 46 : 1503  –  10 .     

 

  228.       Solomon   GD  ,   Cady   RK  ,   Klapper   JA  ,   Earl   NL  ,   Saper   JR  , 
  Ramadan   NM  .  Clinical effi cacy and tolerability of 2.5   mg 
zolmitriptan for the acute treatment of migraine .  Neurol-
ogy   1997 ; 49 : 1219  –  25 .  

  229.       Tepper   SJ  ,   Donnan   GA  ,   Dowson   AJ  ,  et al .  A long - term 
study to maximise migraine relief with zolmitriptan .  Curr 
Med Res Opin   1999 ; 15 : 254  –  71 .  

  230.       Evers   S  ,   Rahmann   A  ,   Kraemer   C  ,  et al .  Treatment of child-
hood migraine attacks with oral zolmitriptan and ibupro-
fen .  Neurology   2006 ; 67 : 497  –  9 .  

  231.       Lewis   DW  ,   Winner   P  ,   Hershey   AD  ,   Wasiewski   WW  ,  Ado-
lescent Migraine Steering Committee .  Effi cacy of zolmi-





  CHAPTER 11 

Cluster  h eadache and  o ther 
 t rigemino -  a utonomic  c ephalgias  
  S.     Evers, 1        J.      Á fra, 2        A.     Frese, 1,3        P. J.     Goadsby, 4        M.     Linde, 5        A.     May, 6        P. S.     S á ndor 7   
   1 University of M ü nster, Germany   ;     2 National Institute of Neurosurgery, Budapest, Hungary   ;     3 Academy of Manual Medicine, 
M ü nster, Germany   ;     4 University of California, San Francisco, CA, USA, and UCL, Institute of Neurology, Queen Square, 
London, UK   ;     5 Cephalea Headache Centre, L ä karhuset S ö dra v ä gen, Gothenburg, Sweden   ;     6 University of Hamburg, Germany   ; 
    7 University of Zurich, Switzerland       

   •      SUNCT syndrome (short - lasting unilateral neuralgi-
form headache attacks with conjunctival injection and 
tearing).    

 These syndromes differ in duration, frequency, and 
rhythmicity of the attacks, and in the intensity of pain 
and autonomic symptoms. The pathophysiology of TAC 
has been in the focus of intensive research for several 
years  [2 – 4] . 

 The purpose of this paper is to give evidence - based 
treatment recommendations for the different TAC. The 
recommendations are based on the scientifi c evidence 
from clinical trials and on the expert consensus by this 
EFNS task force. The legal aspects of drug prescription 
and drug availability in the different European countries 
will not be considered. The defi nitions of the recom-
mendation levels follow the EFNS criteria  [5] .  

  Search  s trategy 

 A literature search was performed using the reference 
databases MEDLINE, Science Citation Index, and the 
Cochrane Library; the key words used were  ‘ cluster head-
ache ’ ,  ‘ paroxysmal hemicrania ’ ,  ‘ SUNCT ’ ,  ‘ treatment ’ , 
and  ‘ trial ’  (last search in March 2009). All papers pub-
lished in English, German, or French were considered 
when they described a controlled trial or a case series on 
the treatment of at least fi ve patients (or fewer in parox-
ysmal hemicrania or SUNCT syndrome). In addition, a 
review book  [6]  and the German treatment recommen-
dations for cluster headache  [7]  were considered.  
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   Objectives 

 These guidelines aim to give evidence - based recommen-
dations for the treatment of cluster headache attacks, for 
the prophylaxis of cluster headache, for the treatment 
of paroxysmal hemicranias, and for the treatment of 
SUNCT syndrome. A brief clinical description of the 
headache disorders is included. The defi nition of the 
headache disorders follows the diagnostic criteria of 
the International Headache Society (IHS).  

  Background 

 The second edition of the classifi cation of the IHS pro-
vided a new primary headache grouping named the tri-
gemino - autonomic cephalgias (TAC)  [1] . All these 
headache syndromes have two features in common: rela-
tively short - lasting, unilateral, severe headache attacks 
and typical accompanying cranial autonomic symptoms 
(although the latter are not obligatory). These autonomic 
symptoms occur on the side of headache and comprise 
lacrimation, conjunctival injection, rhinorrhoea, miosis, 
and ptosis. The following syndromes belong to the TAC: 
   •      episodic and chronic cluster headache  
   •      episodic and chronic paroxysmal hemicrania  
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1 year without remission periods or with remission 
periods lasting less than 1 month, the diagnosis is chronic 
cluster headache. This is the case in 15 – 20% of patients. 
The two forms do not necessarily evolve from one 
another. Often, the attacks start at the same time of day 
or night, frequently about 1 – 2   h after falling asleep 
(mostly during the fi rst REM period in the sleep) or in 
the early morning. Cluster headache is regarded as a bio-
rhythmic disorder because the attacks often occur with a 
strong periodicity and because the cluster bouts regularly 
occur during spring and autumn. Furthermore, changes 
of the diurnal release of hormones involved in biorhyth-
micity have been detected. The lifetime prevalence of 
cluster headache is between 0.06  [8]  and 0.4%  [9] , with 
a male to female ratio between 2.5   :   1 and 7.1   :   1  [10] . In 
recent years, the number of female patients who report 
cluster headache has increased  [11, 12] . It is not clear if 
this is a genuine change or simply increased recognition. 
A genetic background for cluster headache has not been 
described but is likely  [13] . Cluster headache can be seen 
in children and is just as devastating in that age group. 
There is a familial occurrence in 2 – 7%. On average, the 
headache starts at the age of 28 – 30 years (but can start in 
every age). After 15 years, 80% of the cluster headache 
patients still have attacks  [10] .    

  Episodic and  c hronic  p aroxysmal 
 h emicrania ( IHS  3.2) 
 Paroxysmal hemicrania was fi rst described in 1974 in its 
chronic form ( [14] ; for recent review see  [15] ). The par-
oxysmal headache attacks, the character and localization 

  Method for  r eaching  c onsensus 

 All authors performed an independent literature search. 
The fi rst draft of the manuscript was written by the chair-
man of the task force. All other members of the task force 
read the fi rst draft and discussed changes by email. A 
second draft was then written by the chairman and was 
again discussed by email. All recommendations had to be 
agreed to by all members of the task force unanimously. 
The background of the research strategy and of reaching 
consensus and the defi nitions of the recommendation 
levels used in this paper have been described in the EFNS 
recommendations  [5]   

  Clinical  s yndromes 

 The diagnosis of a headache belonging to the TAC is 
based on the patient ’ s history and on a neurological 
examination. Electrophysiological and laboratory exami-
nations, including examination of the cerebrospinal fl uid 
(CSF), are not helpful. For the fi rst diagnosis and in the 
case of an abnormal neurological examination, a cranial 
magnetic resonance imaging (MRI) or a computed 
tomography (CT) scan should be performed to exclude 
abnormalities of the brain. Particularly in older patients, 
mass lesions or malformations in the midline have been 
described to be associated with symptomatic cluster 
headache. 

  Episodic and  c hronic  c luster 
 h eadache ( IHS  3.1) 
 The diagnostic criteria of cluster headache are presented 
in table  11.1 . Cluster headache is defi ned as a paroxysmal, 
strongly unilateral, very severe headache, typically with a 
retro - orbital maximum of pain. The occurrence of cranial 
autonomic symptoms such as Horner ’ s syndrome, lacri-
mation, and rhinorrhoea ipsilateral and simultaneous to 
the pain is obligatory (but can be replaced by restlessness/
agitation). The attacks occur up to eight times a day, 
sometimes with a nocturnal preponderance, and last 
between 15 and 180   min, rarely several hours. The epi-
sodic form of cluster headache occurs in 80% of patients 
with bouts lasting between 7 and 365 days separated by 
pain - free remission periods longer than one month. 
Sometimes, asymptomatic periods lasting even years can 
be observed. If the cluster attacks occur for longer than 

  Table 11.1    Diagnostic criteria of cluster headache. 

     A     At least fi ve attacks fulfi lling criteria B – D  
  B     Severe or very severe unilateral orbital, supraorbital and/or 

temporal pain lasting 15 – 180   min if untreated  
  C     Headache is accompanied by at least one of the following:  

  1.     ipisilateral conjunctival injection and/or lacrimation  
  2.     ipsilateral nasal congestion and/or rhinorrhoea  
  3.     ipsilateral eyelid oedema  
  4.     ipsilateral forehead and facial sweating  
  5.     ipsilateral miosis and/or ptosis  
  6.     sense of restlessness or agitation    

  D     Attacks have a frequency from one every other day to eight 
per day  

  E     Not attributed to another disorder     
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diagnostic criteria are given in table  11.3 . SUNCT syn-
drome is characterized by very short (5 – 240   s) attacks 
with neuralgiform pain quality and severe intensity. The 
attacks occur in a frequency of in average 60 per day 
(3 – 200 per day), are strictly unilateral (periorbital), and 
are often triggered by touching, speaking, or chewing. 
When triggerable, there is no refractory period of trigger-
ing attacks. The autonomic symptoms are mostly 
restricted to lacrimation and conjunctival injection. Dis-
tinct episodic and chronic forms of SUNCT syndrome 
are yet to be recognized in formal classifi cations, but 
both types occur. The most important differential diag-
nosis is classical trigeminal neuralgia. In trigeminal neu-
ralgia, unlike in SUNCT syndrome, autonomic symptoms 
are not prominent and triggered attacks have a clear 
refractory period. SUNCT syndrome is uncommon and 
its true frequency is completely unclear. The male to 
female ratio is 1   :   4. The diagnosis of SUNCT syndrome 
follows the same algorithm as described for cluster 
headache.     

  Treatment of  c luster  h eadache 

 The treatment of cluster headache is based on empirical 
data rather than on a pathophysiological concept of this 
disorder  [4, 19] . Drug treatment can be divided into 
acute attack abortion and prophylaxis  [7, 20] . Non - drug 
treatment is ineffective in nearly all patients. It has, 
however, to be considered that drug treatment in cluster 
headache shows a placebo rate similar to that observed 
in migraine treatment  [21] (table  11.4 ).   

  Attack  t reatment 
 Inhalation of pure (100%) oxygen with a fl ow of at least 
7 l/min (sometimes more than 10 l/min) is effective 

of pain, and the autonomic symptoms are very similar to 
those observed in cluster headache. In contrast to cluster 
headache, the attacks are shorter (2 – 30   min) and more 
frequent (more than fi ve attacks per day). The autonomic 
symptoms are often less severe than in cluster headache. 
The diagnostic criteria of paroxysmal hemicrania are 
given in table  11.2 . Some patients report that their attacks 
can be triggered by irritation of the neck, in particular in 
the cervical segments C2 and C3. As for cluster headache, 
there is an episodic and a chronic form of paroxysmal 
hemicrania. The criteria for this differentiation are the 
same as in cluster headache (see above). The most impor-
tant criterion for the diagnosis of paroxysmal hemicrania 
is the complete response to indomethacin. Within 1 week 
(often within 3 days) after the initiation of indomethacin 
at an adequate dose the attacks disappear, and this effect 
is maintained long term. The prevalence is very low, exact 
fi gures are not known. It is estimated that the paroxysmal 
hemicranias comprise about 3 – 6% of all TAC. The head-
aches usually start between the age of 20 and 40 years, 
although children as young as 3 years old with clear indo-
methacin responses have been described  [16] . In contrast 
to cluster headache, the male to female ratio is 1   :   3.    

   SUNCT   s yndrome ( IHS  3.3) 
 The name of this syndrome ( s hort - lasting  u nilateral  n eu-
ralgiform headache attacks with  c onjunctival injection 
and  t earing) describes its typical clinical features. It was 
fi rst described in 1989  [17] ; for review see  [18] . The 

  Table 11.2    Diagnostic criteria of paroxysmal hemicrania. 

     A     At least 20 attacks fulfi lling criteria B – D  
  B     Attacks of severe unilateral orbital, supraorbital, or temporal 

pain lasting 2 – 30   min  
  C     Headache is accompanied by at least one of the following:  

  1.     ipisilateral conjunctival injection and/or lacrimation  
  2.     ipsilateral nasal congestion and/or rhinorrhoea  
  3.     ipsilateral eyelid oedema  
  4.     ipsilateral forehead and facial sweating  
  5.     ipsilateral miosis and/or ptosis    

  D     Attacks have a frequency above fi ve per day for more than 
half the time, although periods with lower frequency may 
occur  

  E     Attacks are prevented completely by therapeutic doses of 
indomethacin  

  F     Not attributed to another disorder     

  Table 11.3    Diagnostic criteria of SUNCT syndrome. 

     A     At least fi ve attacks fulfi lling criteria B – D  
  B     Attacks of unilateral orbital, supraorbital or temporal 

stabbing or pulsating pain lasting 5 – 240   s  
  C     Pain is accompanied by ipsilateral conjunctival injection and 

lacrimation  
  D     Attacks occur with a frequency from 3 – 200 per day  
  E     Not attributed to another disorder     
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study, only patients with episodic cluster headache 
responded. 

 Oral ergotamine has been used in the treatment of 
cluster headache attacks for more than 50 years  [39 – 41]  
and is effective when given very early in the attack. It was 
then recommended for the acute cluster headache attack 
treatment as an aerosol spray  [42 – 45] . However, more 
recent trials are missing. The intranasal application of 
dihydroergotamine in cluster headache attacks was 
not superior to placebo in a single trial  [46] . Very 
recently, the intravenous application of 1   mg dihydroer-
gotamine over 3 days has been shown to be effective in 
the abortion of severe cluster attacks in an open retro-
spective trial  [47] . 

 For short - term prophylaxis, ergotamine has also been 
studied. Ergotamine suppositories need a long time until 
the onset of effi cacy. They have been proposed in a dose 
of 2   mg for short - term prophylaxis, given in the evening 
to prevent cluster headache attacks in the night  [48] . 
Also, regular intramuscular or subcutaneous injections 
of ergotamine tartrate 0.25 – 0.5   mg have been studied 
successfully in the prevention of nightly attacks  [49, 50] . 

 The nasal installation of lidocaine (1   ml with a concen-
tration of 4 – 10%; the head should be reclined by 45 °  and 

in abortion of cluster headache attacks  [22 – 24] . The 
inhalation should be for 20   min in a sitting, upright posi-
tion with a face mask. There are no contraindications 
known for the use of oxygen. It is safe and without side 
effects. About 60% of all cluster headache patients 
respond to this treatment with a signifi cant pain reduc-
tion within 30   min  [25, 26] . 

 In double - blind, placebo - controlled trials, the 5 - HT1 B/D  
agonist sumatriptan injected subcutaneously is effective 
in about 75% of all cluster headache patients (i.e. pain -
 free within 20   min)  [27, 28, 29] . It is safe and without side 
effects in most of the patients even after frequent use  [30, 
31] . Contraindications are cardio -  and cerebrovascular 
disorders and untreated arterial hypertension. The most 
unpleasant side effects are chest pain and distal paresthe-
sia. In open prospective observational studies  [32, 33] , 
even 3   mg subcutaneous sumatriptan is effective in the 
majority of patients. Zolmitriptan 5   mg nasal spray has 
also been shown to be effective in two placebo - controlled 
trials and has recently been approved by the EMEA for 
the acute treatment of cluster headache  [34, 35] . In single 
open and double - blind, placebo - controlled trials, sumat-
riptan nasal spray 20   mg  [36, 37]  and oral zolmitriptan 
10   mg  [38]  were also effective within 30   min. In the latter 

  Table 11.4    Treatment recommendations for cluster headache, paroxysmal hemicrania, and  SUNCT  syndrome. For exact doses see text. 
(A denotes effective, B denotes probably effective, C denotes possibly effective) 

        Cluster headache     paroxysmal hemicrania     SUNCT syndrome  

  Attack treatment    oxygen inhalation (A)    none    none  
  sumatriptan 6   mg s.c. (A)          
  zolmitriptan 5   mg nasal (A)          
  sumatriptan 20   mg nasal (A)          
  zolmitriptan 10   mg oral (B)          
  lidocaine nasal (B)          
  octreotide (B)          

  Prophylactic treatment    verapamil (A)    indomethacin (A)    lamotrigine (C)  
  steroids (A)    verapamil (C)      
  lithium (B)    NSAIDs (C)      
  methysergide (B)    topiramate (C)      
  topiramate (B)          
  ergotamine tartrate (B)          
  valproic acid (C)          
  melatonin (C)          
  baclofen (C)          
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sone and higher; 2        4   mg dexamethasone per day). By 
expert consensus, steroids are recommended for short -
 term use over 2 – 3 weeks when rapid control of attacks is 
desired. However, some patients are attack - free only 
under steroids and rarely continuous administration of 
steroids is necessary. There is no evidence on which to 
use corticosteroids, although their high morbidity sug-
gests caution, short courses, and avoidance in chronic 
cluster headache. For the beginning of corticosteroid 
treatment, prednisone 60 – 100   mg given once a day for at 
least 5 days is recommended, to be decreased by 10   mg 
every day. At high dose, about 70 – 80% of all cluster 
headache patients respond to steroids. Intravenous and 
oral application of steroids can successfully be combined 
 [64] . In the experience of the task force, 500   mg methyl-
prednisone intravenously for up to 5 days can be even 
more effective. 

 Lithium (given as lithium carbonate) has been studied 
in cluster headache prophylaxis in a daily dose between 
600 and 1500   mg in more than 20 open trials reviewed 
by Ekbom  [65] . An improvement in chronic cluster 
headache was reported to be as high as 78% (63% in 
episodic cluster headache). A recent placebo - controlled 
trial, however, did not show any effi cacy of lithium in 
episodic cluster headache  [66] . In a comparative, double -
 blind crossover study, lithium and verapamil showed 
similar effi cacy with a more rapid improvement and 
better tolerability for verapamil  [58] . Lithium should be 
monitored by the plasma level which should be between 
0.3 and 1.2   mmol/l  [67] . Regular control of liver, renal, 
and thyroid function and of electrolytes is required. 
Major side effects are hypothyroidosis, tremor, and 
renal dysfunction. Lithium is commonly used in cluster 
headache. This is, however, based on very small and 
open studies with the evidence being somewhat more 
convincing in chronic cluster headache. Therefore, 
lithium is recommended in particular for chronic cluster 
headache and only when other drugs are ineffective or 
contraindicated. 

 The antoiserotonergic drug pizotifen (3   mg per day) 
has been shown to be effective in cluster headache pro-
phylaxis in a single - blind, placebo - controlled older trial 
 [68] . However, its use is limited by side effects such as 
tiredness and weight gain. 

 Methysergide has been recommended as prophylactic 
drug in episodic cluster headache  [7, 63] . However, no 
placebo - controlled, double - blind studies are available. 

rotated to the affected side by 30 to 40 ° ) is effective in at 
least one - third of patients  [51 – 55] . The use of lidocaine 
evolved from early observations that cocaine is effective 
in aborting cluster headache attacks. This has been sup-
ported in an open and not controlled trial with 10% 
intranasal cocaine  [55] . 

 Recently, 100     g subcutaneous octreotide has been 
shown to be effective in the treatment of acute cluster 
headache attacks in a double - blind, placebo - controlled 
trial  [56] . 

 Meanwhile, also in cluster headache patients, a risk for 
the development of medication overuse headache has 
been shown, in particular if there is a comorbidity or a 
family history of migraine  [57] .  

  Prophylactic  d rug  t reatment 
 Verapamil in a daily dose of 240 – 960   mg has been estab-
lished as drug of fi rst choice in the prophylaxis of epi-
sodic and chronic cluster headache  [7, 20] , although only 
a few double - blind, placebo - controlled trials which are 
properly designed and useful for high - grade level of 
evidence are available. Controlled trials compared vera-
pamil and lithium with placebo, showing an effi cacy 
of both substances with a more rapid action of verapamil 
 [58] , or compared verapamil 360   mg with placebo 
showing superiority of verapamil  [59] . In some cases, a 
daily dose of more than 720   mg can be necessary  [60] . 
Regular ECG controls are required to control for increase 
in cardiac conduction time. Sometimes, echocardiogra-
phy can be necessary due to the negative inotropic effects 
of verapamil. Side effects of verapamil are bradycardia, 
oedema, constipation, gastrointestinal discomfort, gingi-
val hyperplasia, and dull headache. There is no evidence 
for the optimal way of dosing verapamil. An increase of 
80   mg every 3 days is recommended. The full effi cacy of 
verapamil can be expected within 2 to 3 weeks. Since 
verapamil is usually well tolerated, it is also drug of fi rst 
choice for continuous treatment in chronic cluster head-
ache. In the fi rst 2 weeks of verapamil administration, 
corticosteroids are also administered by some clinicians. 
In two small open studies, nimodipine was also effective 
 [61, 62] . 

 There are insuffi cient randomized, placebo - controlled 
trials for the use of corticosteroids in cluster headache. 
Several open studies and case series have been published 
and reviewed by Ekbom  [63] . All reported effi cacy of 
corticosteroids given in different regimes (30   mg predni-
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of cluster headache. These approaches in our experience 
offer nothing useful to patients with cluster headache. 

 Hyperbaric oxygen inhalation was suggested to be 
effective as prophylaxis in an open trial  [88] . However, a 
more recent placebo - controlled, double - blind trial could 
not confi rm that hyperbaric oxygen is effective in pre-
venting cluster headache attacks  [89] . 

 There is no evidence for a superiority of combined 
prophylactic drug treatment in cluster headache, although 
this question has not been systematically studied.  

  Interventional and  s urgical  t reatment 
 It has been observed that greater occipital nerve blockade 
resulted in a signifi cant reduction of cluster headache 
attacks in up to two - thirds of patients  [90, 91]  or less 
 [92] . This fi nding confi rmed previous observations but 
needs to be replicated in controlled trials. Also, suboc-
cipital injection of short -  and long - acting steroids was 
shown to be effective in the prophylaxis of cluster head-
ache in a double - blind, placebo - controlled trial  [93, 94] . 

 If all drugs are ineffective, contraindicated, or not 
tolerated, and a secondary cluster headache has been 
excluded, surgical treatment can be discussed. Surgical 
procedures should be approached with great caution 
because no reliable long - term observational data are 
available and because some procedures can induce tri-
geminal neuralgia or anaesthesia dolorosa  [63] . Unlike in 
trigeminal neuralgia, surgical treatment of cluster head-
ache is not a causal therapy and continuation of cluster 
headache after the procedure is observed regularly. Dif-
ferent methods have been suggested to prevent cluster 
headache: application of glycerrhol or local anaesthetics 
into the cisterna trigeminalis of the Gasserian ganglion 
 [95] ; radiofrequency rhizotomy or gamma knife treat-
ment of the Gasserian ganglion  [96]  or of the trigeminal 
nerve  [97] ; microvascular decompression  [98] ; resection 
or blockade of the N. petrosus superfi cialis  [99]  or of the 
ganglion sphenopalatinum  [100, 101] . However, there 
are also case reports on different surgical procedures 
 [102 – 104]  and one prospective study on gamma knife 
treatment  [105, 106]  showing long - term ineffi cacy of 
surgical treatment in TACs. 

 Given that trigeminal destructive procedures have 
certain morbidity and that nerve root section has a well -
 described morbidity, the task force sees these procedures 
as surplanted by neuromodulatory procedures. Deep 
brain stimulation of the posterior inferior hypothalamus 

The effi cacy rates reported in open studies were reviewed 
by Ekbom  [63] . The number of patients with a benefi t of 
methysergide ranged between 20 and 73%; it was more 
effective in episodic cluster headache. The doses applied 
in the open studies varied from 4   mg to 16   mg. In the 
experience of the task force, methysergide can be given 
in a daily dose of up to 12   mg (starting with 1   mg per 
day). Since there is small but important incidence of 
pulmonary and retroperitoneal fi brosis, the continuous 
use of methysergide is limited to a maximum of 6 months. 

 Valproic acid has been studied in two open trials with 
acceptable results  [69, 70]  and in one controlled study in 
which it did not differentiate from placebo  [71] . The 
objective evidence, and our experience, is that valproic 
acid is generally ineffective in cluster headache but can 
be tried as drug of third choice in a daily dose between 5 
and 20   mg per kg body weight. 

 Open studies suggest that topiramate  [72 – 74]  and 
gabapentin  [75]  are effective in the prophylaxis of cluster 
headache. The recommended dose is at least 100   mg per 
day, the starting dose should be 25   mg. Main side effects 
are cognitive disturbances, paraesthesias, and weight loss. 
It is contraindicated in nephrolithiasis. 

 The pre - emptive use of 5 - HT1 B/D  agonists (triptans) in 
cluster headache remains controversial. Oral sumatrip-
tan (100   mg) given three times a day were not effective 
in preventing cluster headache attacks in a placebo - 
controlled trial  [76] . In open trials, 40   mg eletriptan per 
day  [77]  or 2.5 – 5   mg naratriptan per day  [78]  reduced 
the number of cluster headache attacks. 

 For the ipsilateral intranasal application of capsaicin, 
two open  [79, 80]  and one double - blind, placebo - 
controlled  [81]  trials have been published showing an 
effi cacy in about two - thirds of patients after repeated 
application. Intranasal application of civamide showed 
a modest effi cacy in a recent double - blind, placebo - 
controlled study  [82] . Although such studies are claimed 
to be blinded, this is a major design issue given the irritat-
ing nature of the nasally applied treatment. 

 Oral melatonin 10   mg was effective in a single double -
 blind, placebo - controlled study  [83] . In cluster headache 
refractory to other medication, however, melatonin used 
open - label did not produce any additional effi cacy  [84] . 

 There is very weak evidence from a small open study 
for the effi cacy of baclofen 15 – 30   mg  [85] , and insuffi -
cient evidence for the effi cacy of botulinum toxin  [86]  or 
transdermal clonidine  [87]  in the prophylactic treatment 
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  Treatment of  p aroxysmal  h emicrania 

 By defi nition, indomethacin in a daily dose of up to 
200   mg is completely effective  [116 – 118] . For the same 
reason, no placebo - controlled trials exist. Indomethacin 
should be administered in three or more doses per day 
because of its short half - life time of 4   h. Many patients 
need a high dose of indomethacin only in the fi rst weeks 
of treatment, then a lower dose can be tried. Very rarely, 
doses higher than 200   mg per day are required. The major 
contraindication is a gastrointestinal disorder. Gastroin-
testinal discomfort and bleedings are the major side 
effects. Therefore, a proton pump inhibitor should 
be given in addition. For diagnostic and rapid therapeu-
tic purposes, the so - called indo - test has been suggested 
 [119] . Intramuscular indomethacin 50   mg should result 
in freedom of attacks within 30   min. 

 There is no drug of similar effi cacy to indomethacin 
for the treatment of paroxysmal hemicrania. However, 
open studies (Class IV) suggest a moderate effi cacy of 
alternative drugs if indomethacin is not tolerated. The 
best evidence in these open studies has been observed for 
verapamil  [118, 120] . Fewer positive reports have been 
published for acetazolamide  [121] , topiramate  [122, 
123] , and the NSAIDs piroxicam  [124]  and acetylsalicylic 
acid  [14, 118] . Subcutaneous sumatriptan is ineffective 
 [125] . Anaesthetic blockades of pericranial nerves  [126]  
are said to be ineffective, although one of us has seen 
excellent response to greater occipital nerve blockade. 

 In summary, proxysmal hemicrania is to be treated 
with indomethacin up to 200   mg (Level A recommenda-
tion). Alternatively, verapamil, topiramate, and different 
NSAIDs can be tried (Level C recommendation).  

  Treatment of  SUNCT   s yndrome 

 There is no consistently effective treatment known for 
SUNCT syndrome, including high doses of indomethacin 
and anaesthetic blockades  [127] . No controlled trials have 
been published, and the rareness of the syndrome makes 
this a diffi cult task. However, some case reports have 
been published with individual effi cacy of some drugs. 
Because of the extreme burden caused by this disorder, 
all reasonable treatment options should be tried. 

 Among all drugs tried in SUNCT syndrome, lamotrig-
ine was most effi cacious in the published case reports 

has been shown to be effective in about half or more of 
patients with intractable cluster headache  [107 – 111] . 
This method is only useful for prevention, not for acute 
attack abortion  [112] . Also, electrical stimulation of 
the greater occipital nerve has been described as effi ca-
cious in intractable chronic cluster headache in open -
 label studies  [113 – 115] . These two methods appear to be 
the most promising as prospective therapeutic option 
in patients with otherwise intractable chronic cluster 
headache.     

 Recommendations 
     Level A    As fi rst choice, acute attacks of cluster headache 
should be treated with the inhalation of 100% oxygen with 
at least 7 l/min over 15   min (Class II trials) or with the 
subcutaneous injection of 6   mg sumatriptan or the intranasal 
application of zolmitriptan 5   mg (Class I trials). As second 
choice, sumatriptan 20   mg nasal spray can be used (Class I 
trial with minor effi cacy or more side effects). 

 Prophylaxis of cluster headache should be fi rst tried with 
verapamil in a daily dose of at least 240   mg (maximum dose 
depends on effi cacy or tolerability; ECG controls are 
obligatory with increasing doses). Although no Class I or II 
trials are available, steroids are clearly effective in cluster 
headache. Therefore, the use of at least 100   mg oral up to 
500   mg i.v. per day methylprednisone (or equivalent 
corticosteroid) over 5 days (then tapering down) is 
recommended. 

  Level B    Intranasal lidocaine (4%) can be tried in acute 
cluster headache attacks if Level A medication is ineffective 
or contraindicated. Oral zolmitriptan 10   mg is effective in 
some patients (Class I trial but high dose produces many 
side effects and limits practical use). 

 Methysergide and lithium are drugs of second choice if 
verapamil is ineffective or contraindicated. Corticosteroids 
can be used for short courses where bouts are short or to 
help establish another medicine. Topiramate is promising but 
only open trials exist at this point. Melatonin is useful in 
some patients. Except for lithium, the maximum dose 
depends on effi cacy and tolerability. Ergotamine tartrate is 
recommended in short - term prophylaxis (Class III studies). In 
spite of positive Class II studies, pizotifen and intranasal 
capsaicin should not be used because of side effects. 

  Level C    Baclofen 15 – 30   mg and valproic acid showed 
possible effi cacy and can be tried as drugs of third choice. 
Surgical procedures are not indicated in most patients with 
cluster headache. Patients with intractable chronic cluster 
headache should be referred to centres with expertise in 
both destructive and neuromodulatory procedures to be 
offered all reasonable alternatives before a defi nitive 
procedure is conducted.  
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(however, the majority of patients did not respond to this 
drug)  [128 – 130] . Other treatment options include gaba-
pentin  [131 – 133] , topiramate  [28, 134] , oxcarbazepine 
 [135] , verapamile  [136] , intravenous lidocaine  [137] , ste-
roids  [138] , and intravenous phenytoin  [139] . In part, 
these drugs were applied in combination. 

 Recently, also in SUNCT syndrome, stimulation of the 
hypothalamus has been described as effi cacious in some 
cases  [140, 141] . 

 In summary, no recommendation can be given for the 
treatment of SUNCT syndrome. Treatment with lamotri-
gine (at least 100   mg) is considered the fi rst - line option. 
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with other movement disorders, aetiology, genetic 
counselling, drug treatment, surgical interventions, and 
rehabilitation.    

  Search  s trategy 

 Computerized MEDLINE and EMBASE searches (2005 –
 July 2009) were conducted using a combination of 
textwords, MeSH and EMTREE terms  ‘ dystonia ’ ,  ‘ bleph-
arospasm ’ ,  ‘ torticollis ’ ,  ‘ writer ’ s cramp ’ ,  ‘ Meige syn-
drome ’ ,  ‘ dysphonia ’ , and  ‘ sensitivity and specifi city ’  or 
 ‘ diagnosis ’ , and  ‘ clinical trial ’  or  ‘ random allocation ’  or 
 ‘ therapeutic use ’  limited to human studies. The Cochrane 
Library and the reference lists of all known primary and 
review articles were searched for relevant citations. No 
language restrictions were applied. Studies of diagnosis, 
diagnostic test, and various treatments for patients suf-
fering from dystonia were considered and rated as Level 
A to C according to the recommendations for EFNS sci-
entifi c task forces  [4] . Where only Class IV evidence was 
available but consensus could be achieved we have pro-
posed Good Practice Points (GPP).  

  Method for  r eaching  c onsensus 

 The results of the literature searches were circulated 
by email to the task force members for comments. The 
task force chairman prepared a fi rst draft of the manu-
script based on the results of the literature review, data 
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   Objectives 

 The objective of the task force was to provide an updated 
version of earlier guidelines for diagnosis and treatment 
of primary dystonia and dystonia - plus, and to provide 
evidence - based recommendations for diagnosis and 
treatment.  

  Background 

 Dystonia is characterized by sustained muscle contrac-
tions, frequently causing repetitive twisting movements 
or abnormal postures  [1, 2] . Although thought to be rare, 
dystonia may be more common than currently evidenced 
due to underdiagnosis or misdiagnosis. Adult - onset 
primary dystonia can present mainly with tremor, which 
could be misdiagnosed as Parkinson ’ s disease  [3] . In 
those cases, results of DAT scan may help with the dif-
ferential diagnosis. 

 Primary dystonias are diseases where dystonia is the 
only or the largely prevalent clinical feature. Primary 
dystonias encompass pure dystonia, dystonia - plus, and 
paroxysmal dystonias (table  12.1 ). Areas of specifi c 
concern include clinical diagnosis, differential diagnosis 
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 The clinical features of dystonia have been summarised 
in the previous guidelines edition  [5] . More recent 
reviews and new primary studies have focused on specifi c 
diagnostic features; a recent review has assembled the 
features of dystonia into a diagnostic fl owchart  [8] . 

 Dystonia is a dynamic condition that often changes 
in severity depending on the posture assumed and 
on voluntary activity of the involved body area. The 
changing nature of dystonia makes the development 
of rating scales with acceptable clinimetric properties 
problematic. 

 Three clinical scales are available for generalised dys-
tonia: the Fahn - Marsden rating scale  [9] , the Unifi ed 
Dystonia Rating Scale, and the global dystonia rating 
scale  [10] . The total scores of these three scales correlate 
well, they have excellent internal consistency, from good 
to excellent inter - rater correlation, and from fair to 
excellent inter - rater agreement  [10] . An evidence - based 
review identifi ed more than 10 rating scales for cervical 
dystonia  [11] . However, the most frequently used ones 

  Table 12.1    Classifi cation of dystonia based on three axes. 

   By cause (aetiology)   
      •       Primary pure dystonia : dystonia is the only clinical sign (apart from tremor) and there is no identifi able exogenous cause or other 

inherited or degenerative disease. Examples are DYT1 and DYT6 dystonias  
   •       Primary dystonia - plus : dystonia is a prominent sign, but is associated with another movement disorder, for example myoclonus or 

parkinsonism. There is no evidence of neurodegeneration. For example, DOPA - responsive dystonia (DYT5) and myoclonus - dystonia 
(DYT11) belong to this category  

   •       Primary paroxysmal : dystonia occurs in brief episodes with normalcy in between. These disorders are classifi ed as idiopathic (often 
familial, although sporadic cases also occur) and symptomatic due to a variety of causes. Three main forms are known depending on 
the triggering factor. In paroxysmal kinesigenic dyskinesia (PKD; DYT9) attacks are induced by sudden movement; in paroxysmal 
exercise - induced dystonia (PED) by exercise such as walking or swimming; and in the non - kinesigenic form (PNKD; DYT8) by alcohol, 
coffee, tea, etc. A complicated familial form with PNKD and spasticity (DYT10) has also been described  

   •       Heredodegenerative : dystonia is a feature, among other neurological signs, of a heredodegenerative disorder, for example Wilson ’ s 
disease  

   •       Secondary : dystonia is a symptom of an identifi ed neurological condition, such as a focal brain lesion, exposure to drugs or 
chemicals. Examples include dystonia due to a brain tumour and off - period dystonia in Parkinson ’ s disease     

   By age at onset   
      •       Early onset  (variably defi ned as   20 – 30 years): usually starts in a leg or arm and frequently progresses to involve other limbs and the 

trunk  
   •       Late onset : usually starts in the neck (including the larynx), the cranial muscles or one arm. Tends to remain localized with restricted 

progression to adjacent muscles    

  By distribution  
     •       Focal : single body region (e.g. writer ’ s cramp, blepharospasm)  
   •       Segmental : contiguous body regions (e.g. cranial and cervical, cervical and upper limb)  
   •       Multifocal : non - contiguous body regions (e.g. upper and lower limb, cranial and upper limb)  
   •       Generalized : both legs and at least one other body region (usually one or both arms)  
   •       Hemidystonia : half of the body (usually secondary to a structural lesion in the contralateral basal ganglia)     

synthesis, and comments from the task force members. 
The draft and the recommendations were discussed 
during a conference held in Florence on 12 September 
2009, until consensus was reached within the task force.  

  Results 

 In addition to the previously published literature screen 
 [5] , we found 299 papers, among which 191 were primary 
diagnostic studies and 108 were effi cacy studies. 

  Clinical  f eatures of  d ystonia 
 Literature search on the clinical features of dystonia iden-
tifi ed a report of a multidisciplinary working group  [6] , 
one workshop report  [7] , 64 primary studies on clinically 
based diagnosis, and 125 primary studies on the diagnos-
tic accuracy of different laboratory tests. The primary 
clinical studies encompassed four cohort studies, 15 case -
 control studies, 12 cross - sectional, and 33 clinical series. 
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  Use of  g enetic  t est in  d iagnosis 
and  c ounselling 
 Two genes for primary pure dystonia (PPD) have 
been identifi ed: DYT1 and DYT6  [16, 17] . Three other 
gene loci for autosomal - dominant PPD (DYT4, DYT7, 
DYT13) and two forms of recessive PPD (DYT2, DYT17) 
have been described, with phenotypes ranging from 
cranial to generalized dystonia; however, the specifi c 
gene abnormality has not yet been identifi ed  [18] . 

 All known DYT1 mutations reside in exon 5 of the 
TorsinA gene, except for one in exon 3  [19] . Screening 
for a GAG - deletion at position 302/303 is suffi cient for 
clinical testing (Class II)  [20] . Only two PPD patients 
have been described with missense mutations in exon 3 
(p.F205I) and exon 5 (p.R288Q), and the pathogenicity 
of this variant has not been proven, as no familial coseg-
regation has been demonstrated  [19, 21] . 

 Early - onset DYT1 dystonia typically presents in child-
hood and usually starts in a limb, gradually and in many 
patients rapidly progressing to a generalized form (Class 
II)  [20] . Many exceptions to this typical presentation 
have been reported, especially in mutation carriers from 
DYT1 families with focal or segmental dystonia of adult 
onset (Class IV)  [22, 23] . Family studies have assessed 
that the penetrance of DYT1 dystonia is around 30%. 

 DYT1 mutations are the most important genetic cause 
of early onset PPD worldwide. Phenotype - genotype cor-
relations have been assessed in different DYT1 dystonia 
populations (Class II and III)  [20, 24] . In Ashkenazi Jews, 
DYT1 testing is positive in close to 100% of patients with 
limb - onset dystonia before age 26 years. Recommenda-
tion 1 below is based on such evidence  [20, 25] . In the 
Western European population, the proportion of DYT1 
mutation - negative dystonia is considered higher than in 
North America  [24] . Patients with early onset PPD not 
caused by the DYT1 gene tend to have later age at onset, 
less commonly limb onset, more frequent cervical 
involvement, and a slower progression than DYT1 PPD 
cases (Class IV)  [26]  In patients with generalized dysto-
nia with cranio - cervical onset, DYT6 mutations should 
be considered  [27] . THAP1 (thanatos associated protein) 
has been identifi ed to cause autosomal - dominant DYT6, 
 ‘ mixed ’  - type dystonia in Amish - Mennonite families with 
cranial or limb onset at young age (from 5 to 48 years) 
 [17, 28] . DYT6 mutations have been described in other 
populations with clinical presentations from focal to gen-
eralized dystonia in a few percent of cases. In particular, 

are the Toronto Western Spasmodic Torticollis Rating 
Scale  [12] , the Tsui scale  [13] , and the Cervical Dystonia 
Severity Scale  [14] . 

 Dystonia infl uences various aspects of quality of life, 
particularly those related to physical and social function-
ing. Class IV studies have evaluated the predictors of 
quality of life in dystonia  [11, 15] . Functional disability, 
body concept, and depression were important predictors 
of quality of life in dystonia.  

  Classifi cation 
 The classifi cation is based on three axes: (a) aetiology, 
(b) age at onset of symptoms, and (c) distribution of body 
regions affected (table  12.1 ). The aetiological axis defi nes 
primary (idiopathic) dystonia with no identifi able exog-
enous cause or evidence of neurodegeneration (i.e. no 
progressive loss of neural cells). In the pure form, dysto-
nia is the only clinical sign (apart from dystonic tremor). 
We propose to call these forms  ‘ primary pure dystonia ’  
(PPD). In dystonia - plus, usually there are additional 
movement disorders (e.g. myoclonus or parkinsonism). 
In the paroxysmal form, symptoms are intermittent 
and provoked by identifi able triggers (e.g. kinesigenic 
due to sudden movement, exercise - induced or non - 
kinesigenic). Non - primary dystonia is due to heredode-
generative diseases or secondary (symptomatic) to known 
causes; these forms are characterized by the presence 
of additional symptoms or signs, apart from movement 
disorders. A number of genes and gene loci have been 
identifi ed for primary as well as for other forms.    

 Recommendations and Good Practice Points 
       1     The diagnosis of dystonia is clinical, the core being 

abnormal postures (with or without tremor) and the 
recognition of specifi c features, e.g.  gestes antagonistes , 
overfl ow, mirror movements  [5]  (GPP).  

  2     The classifi cation of dystonia is important for providing 
appropriate management, prognostic information, genetic 
counselling, and treatment (GPP).  

  3     Because of the lack of specifi c diagnostic tests, expert 
observation is recommended. Using a structured fl ow 
chart  [8]  may increase diagnostic accuracy (GPP).  

  4     Appropriate investigations are required if the initial 
presentation or the course suggest heredodegenerative or 
secondary (symptomatic) dystonia (GPP).  

  5     Assessment of dystonia should be performed using a 
validated rating scale (GPP).     
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studies on pterin and dopamine metabolites from cere-
brospinal fl uid (CSF) or a phenylalanine loading test 
have been suggested as diagnostic complements  [40 – 42] , 
but there is no clear evidence regarding their diagnostic 
accuracy and both may only be performed in specialized 
centres. Hence, the practical recommendation still 
remains that every patient with early - onset dystonia 
without an alternative diagnosis should have a trial with 
levodopa. Onset of myoclonus - dystonia (M - D) peaks in 
childhood; the initial symptoms usually consist of light-
ning jerks and dystonia mostly affecting the neck and the 
upper limbs, with a prevalent proximal involvement and 
slow progression  [43] . In a subset of patients, M - D pres-
ents as a gait disorder with lower - limb onset and evolves 
into the typical clinical presentation until adolescence 
 [44] ,  [45] . Myoclonus and dystonia are strikingly allevi-
ated by alcohol in many but not in all patients  [46] . 
However, a response to alcohol is not specifi c for DYT11 
(Class IV) [47 – 49] . In patients with the typical M - D 
phenotype mutations in the epsilon - sarcoglycan gene 
(DYT11) may be detected in more than 50%, with an age 
at onset generally below 20  [50 – 53] . As in DRD, the rate 
of SGCE mutation detection is increased by screening for 
exon or whole gene deletions (gene dosage)  [49, 54 – 56] . 
Complex phenotypes with additional features may be 
related to chromosomal deletions and rearrangements of 
the 7q21 region  [49, 56 – 58] . 

 In DYT12, rapid - onset dystonia - parkinsonism (RDP) 
the mutated gene is ATP1A3. RDP is an extremely rare 
disease with onset in childhood or early adulthood, in 
which patients develop dystonia, bradykinesia, postural 
instability, dysarthria, and dysphagia over a period 
ranging from several hours to weeks with triggering 
factors  [59] . In addition to rapid onset, features suggest-
ing an ATP1A3 mutation are prominent bulbar symp-
toms and a gradient of dystonia severity with the cranial 
region being more severely affected than arms and legs. 
Tremor at onset or prominent pain could not be found 
in ATP1A3 mutation - positive patients  [60] . 

 PRKRA (protein - kinase RNA - dependent activator) 
has been identifi ed as the DYT16 gene on chromosome 
2q31.2. Mutations cause a novel form of non - 
degenerative, early - onset autosomal - recessive dystonia -
 parkinsonism  [61] . The phenotypic spectrum of DYT16 
has not been determined yet. 

 Four forms of paroxysmal dystonias have been geneti-
cally defi ned to date. In two, only the locus has been 

early - onset generalized PPD with spasmodic dysphonia 
is a characteristic phenotype caused by DYT6 mutations 
(Class IV)  [27] . 

 Four dystonia - plus syndromes have been charac-
terized genetically: dopa - responsive dystonia (DRD, 
DYT5), myoclonus - dystonia (M - D, DYT11), rapid - onset 
dystonia - parkinsonism (RDP, DYT12), and autosomal -
 recessive dystonia parkinsonism (DYT16). 

 The most common form is DRD linked to the GCH1 
(GTPcyclohydrolase I) gene. Since this is a treatable and 
often misdiagnosed condition, a particular effort should 
be made to establish a correct diagnosis. The classical phe-
notype comprises onset with walking diffi culties before 20 
years, and progression to segmental or generalized dysto-
nia, sometimes with additional parkinsonism and sus-
tained response to levodopa  [29, 30] . Three additional 
DRD categories with different courses have been recog-
nized: (1) young - onset (  20 years) cases with episodic 
dystonia, toe walking or progressive scoliosis throughout 
life; (2) compound heterozygous GCH1 mutation carriers, 
who develop young - onset severe DRD with initial hypo-
tonia similar to autosomal - recessive (AR) - DRD caused by 
tyrosine hydroxylase (TH) mutations; (3) adult - onset 
DRD patients manifesting above age 30 years with mild 
dystonia or resting tremor or non - tremulous parkinson-
ism  [30, 31] . To date, numerous GCH1 mutations but 
no phenotype - genotype correlations to specifi c heterozy-
gous GCH1 mutations have been detected (see the data-
base cured by N. Blau, and B. Thoeny:  www.biopku.org/
dbsearches/BIOMDB_Start.asp ). 

 Inclusion of screening for gene dosage alterations of 
GCH1  [32, 33]  in addition to direct sequencing has 
increased the rate of detected mutations to over 80% 
 [34, 35] . 

 If genetic testing of GCH1 is negative, other genes of 
the tetrahyhdrobiopterin and dopamine synthesis path-
ways, such as TH and sepiapterin reductase (SPR), 
should be considered, especially if inheritance is recessive 
or atypical features like mental retardation or oculogyric 
crises are present (Class IV)  [35, 36] . Parkin mutations 
are a rare differential diagnosis of DRD and the diagnosis 
can be made by dopamine transporter imaging (Class IV) 
 [37] . For the TH gene, sequencing of the 3   - promoter 
sequence is recommended to increase mutation detec-
tion (Class IV)  [38] . 

 A therapeutic trial with levodopa has been proposed 
for diagnostic purposes (Class IV)  [39] . Alternatively, 
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  Use of  n europhysiology in the 
 d iagnosis and  c lassifi cation 
of  d ystonia 
 Neurophysiological tests are helpful in the characteriza-
tion of functional abnormalities in patients with dysto-
nia. However, all neurophysiology studies are Class IV, 
not providing evidence - based results. The need for stan-
dardized study designs and methods to investigate the 
diagnostic sensitivity and specifi city of neurophysiologi-
cal tests in dystonia has been emphasized in a recent 
review  [70] . A number of studies have been reviewed 
previously  [5]  and will not be dealt with here. Alterations 
in cerebellar functions suggest a role of the cerebellum in 
the pathophysiology of dystonia  [71, 72] . Cortical excit-
ability is abnormally enhanced in symptomatic and non -
 symptomatic DYT1 carriers, while this is not the case in 
DYT11 M - D syndrome  [73] . The induction of plastic 
changes in the motor cortex by repetitive transcranial 
magnetic stimulation (rTMS) at theta burst frequency 
has been found to be excessive in patients with dystonia 
(either genetic or sporadic) and abnormally reduced in 
asymptomatic DYT1 carriers  [74] . It is possible that such 
decreases in gene carriers with no symptoms indicates 
a form of protection against the propensity or sus-
ceptibility of DYT1 patients to undergo plastic changes 
that could eventually lead to clinical manifestations of 
dystonia. 

 Disturbed sensory processing has been for the past 
years recognized as one of the main pathophysiological 
agents of dystonia  [75, 76] . Many authors have contrib-
uted recently to confi rm these fi ndings and expand the 
implication of altered sensory processing in disordered 
motor control: abnormal sensory perception has been 
reported with studies of mental rotation and two - point 
discrimination  [77] . Several reports have shown abnor-
mal enhancement of SEPs in dystonic patients  [78] . 
Notably, however, the only study in which the assessment 
was done blindly showed that differences in the size of 
the SEPs were not signifi cant between patients and con-
trols or between patients before and after botulinum 
toxin treatment  [79] . Somatosensory stimuli cause 
abnormally reduced inhibitory effects on the MEP to 
TMS, regardless of whether the stimulus is applied on 
homotopic or heterotopic peripheral nerves  [80] . A 
recent study indicates that somatosensory temporal dis-
crimination threshold abnormalities are a generalized 
feature of patients with primary focal dystonias and are 

mapped: paroxysmal dystonic choreoathetosis with 
episodic ataxia and spasticity (DYT9) and paroxysmal 
familial kinesigenic dyskinesia (DYT10). Paroxysmal 
non - kinesigenic dystonia (PNKD, DYT8) is caused by 
mutations in the myofi brillogenesis regulator 1 (MR - 1) 
gene in all families with a typical PNKD phenotype 
 [62 – 64] . This condition is characterized by episodes of 
choreodystonia with onset in infancy or early childhood. 
Attacks typically last 10   min to 1   h and are induced by 
caffeine or alcohol  [65] . 

 Paroxysmal exertion - induced dyskinesia (PED) is 
caused by mutations in the gene for the glucose trans-
porter 1 (SLC2A1, DYT18). In addition to PED, DYT18 
patients may present with epilepsy (absence or general-
ized tonic - clonic seizures), migraine, cognitive defi cits, 
haemolytic anaemia, or developmental delay. A diagnos-
tic marker is a decreased CSF/serum glucose ratio below 
0.5 (Class III)  [66, 67] .    

 Recommendations and Good Practice Points 
       1     Genetic testing should be performed after establishing the 

clinical diagnosis. Genetic testing is not suffi cient to make a 
diagnosis of dystonia without clinical features of dystonia 
 [25, 68, 69]  (Level B). Genetic counselling is recommended.  

  2     DYT1 testing is recommended for patients with 
limb - onset, primary dystonia with onset before age 30 
 [69]  (Level B), as well as in those with onset after age 30 
if they have an affected relative with early - onset dystonia 
 [25, 69]  (Level B).  

  3     In dystonia families, DYT1 testing is not recommended in 
asymptomatic individuals (GPP).  

  4     DYT6 testing is recommended in early - onset dystonia or 
familial dystonia with cranio - cervical predominance  [27, 
28]  or after exclusion of DYT1 (GPP).  

  5     A diagnostic levodopa trial is warranted in every patient 
with early - onset dystonia without an alternative diagnosis 
 [39]  (GPP).  

  6     Individuals with early - onset myoclonus affecting the arms 
or neck, particularly if positive for autosomal - dominant 
inheritance and if triggered by action, should be tested for 
the DYT11 gene  [50]  (Good Practice Point). Gene dosage 
is required to improve mutation detection (Level C).  

  7     Diagnostic testing for the PNKD gene (DYT8) is 
recommended in symptomatic individuals with PNKD (GPP).  

  8     Gene testing for mutation in GLUT1 is recommended in 
patients with paroxysmal exercised - induced dyskinesias, 
especially if involvement of GLUT1 is suggested by low 
CSF/serum glucose ratio, epileptic seizures, or haemolytic 
anaemia (GPP).     
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tonia of the arm  [95]  demonstrated that several deep 
structures and cortical areas may be activated in primary 
dystonia, depending on the different modalities of exam-
ination. A Class II study on blepharospasm and cervical 
dystonia demonstrated increased basal ganglia activation 
in a task not primarily involving the dystonic muscula-
ture  [96] . 

 Recent Class II  [97]  and Class IV  [98 – 101]  voxel - based 
morphometry studies demonstrated an increase in grey 
matter density or volume in various areas, including 
cerebellum, basal ganglia, and primary somatosensory 
cortex. This increase might represent plastic changes 
secondary to overuse, but different interpretations 
have been considered. Another Class IV study found 
that non - DYT1 adult - onset dystonia patients and asymp-
tomatic DYT1 carriers have signifi cantly larger basal 
ganglia compared with symptomatic DYT1 mutation 
carriers, with a signifi cant negative correlation between 
severity of dystonia and basal ganglia size in DYT1 
patients  [102] . 

 Positron emission tomography (PET) studies with 
different tracers have provided information about 
areas of abnormal metabolism in different types of 
dystonia and in different conditions (e.g. during active 
involuntary movement or during sleep), providing 
insight on the role of cerebellar and subcortical structures 
versus cortical areas in the pathophysiology of dystonia 
(all Class IV studies)  [103, 104] . A signifi cant reduction 
in caudate and putamen D2 receptor availability and 
reduced [ 11 C] raclopride binding in the ventrolateral 
thalamus were evident in DYT6 and DYT1 dystonia 
in a Class III study  [105] . The changes were greater in 
DYT6 than DYT1 carriers without difference between 
manifesting and non - manifesting carriers of either 
genotype. 

 A practical approach to differentiate patients with 
dystonia - plus syndromes from patients with parkinson-
ism and secondary dystonia is to obtain a single photon 
emission computerized tomography (SPECT) study 
with ligands for dopamine transporter; this is readily 
available and less expensive than PET. Patients with 
dopa - responsive dystonia have normal studies, whereas 
patients with early - onset Parkinson ’ s disease show reduc-
tion of striatal ligand uptake (Class IV)  [106] . It has been 
suggested that patients with tremor resembling parkin-
sonian tremor who have normal DAT scans may be 
affected by dystonia  [3] .     

a valid tool for screening subclinical sensory abnormali-
ties  [81] . Using the paradigm of paired associative stimu-
lation (PAS), i.e. applying a sensory stimulus followed 
15 – 20   ms later by a single - pulse TMS, Tamura  et al .  [78]  
reported a transient enhancement of cortical excitability, 
manifested by an increase in the P27 of the somatosen-
sory evoked potentials tested 15   min after PAS. The same 
intervention was reported to cause an abnormal increase 
in the MEP, which is not limited to the territory depend-
ing on the nerve stimulated but includes other muscles 
as well  [82] . 

 In most instances, neurophysiological abnormalities 
are not specifi c but, rather, they reveal a trend towards 
functional defects that may or may not become clinically 
relevant. This is the case in non - affected relatives of 
patients with dystonia  [77]  or in non - dystonic sites of 
patients with focal dystonia. Changes in neuronal excit-
ability have been found in patients with forms of dystonia 
akin to psychogenicity  [83, 84] .    

 Recommendations and Good Practice Points 
       1     Neurophysiological tests are not routinely recommended 

for the diagnosis or classifi cation of dystonia; however, 
the observation of abnormalities typical of dystonia is an 
additional diagnostic tool in cases where the clinical 
features are considered insuffi cient to the diagnosis  [70, 
85, 86]  (GPP).     

  Use of  b rain  i maging in the  d iagnosis 
of  d ystonia 
 Conventional or structural magnetic resonance imaging 
(MRI) studies in primary dystonia are normal, and a 
normal MRI study is usually considered a prerequisite to 
state that a patient ’ s dystonia is primary. Recent Class III 
 [87]  and Class IV  [88 – 90]  diffusion magnetic resonance 
studies found signal abnormalities in various brain 
areas (including corpus callosum, basal ganglia, pontine 
brainstem, and pre - frontal cortical areas) in cervical dys-
tonia, writer ’ s cramp, and generalized dystonia, but not 
in blepharospam. 

 Interesting prospects of understanding the patho-
physiological mechanisms of primary and secondary 
dystonia are offered by functional MRI studies. Class IV 
studies conducted in series of patients with blepharo-
spasm  [91] , writer ’ s cramp  [92 – 94] , or other focal dys-
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injected region  [110] . Also, immunogenicity was found 
to be low for BoTN/A in long - term use, although might 
be higher for BoTN/B (Class III,  [111] ). Four Class I 
 [112 – 115] , two Class II  [116, 117] , two Class III  [79, 
118] , and 29 Class IV new studies on BoNT were identi-
fi ed. These reports have confi rmed the long - term safety 
of BoNT products for dystonia and other conditions. 
A meta - analysis performed on children with cerebral 
palsy found that adverse events are more frequent among 
children with cerebral palsy than in individuals with 
other conditions  [119] . Occasional occurrences of 
botulism - like symptoms have been reported in children 
and in adults treated with BoNT products; therefore, 
the United States Food and Drug Administration has 
ordered the manufacturers to add a boxed warning to 
the prescribing information for each product about 
the potential for serious side effects at sites distant 
from injection  [120] . No similar initiative has been taken 
by the European Medicines Agency. Furthermore, 
the possible occurrence of central effect following BoNT 
due to axonal migration and neuronal transcytosis has 
been recently suggested  [121] , but not unequivocally 
demonstrated. 

 Three recent studies compared different BoNT/A 
products and three compared the A and B serotypes. Two 
Class II trials reported that Xeomin is as effective and safe 
as Botox for the treatment of cervical dystonia  [116]  and 
blepharospasm  [122] . A Class IV trial found that in cervi-
cal dystonia and blepharospasm, Botox is more effi ca-
cious than Dysport and has a longer duration of effect 
 [123] . A Class IV study with longer follow - up reported 
that in blepharospasm the mean duration of improve-
ment was higher for Dysport than for Botox  [124] . Two 
Class I studies found that improvement of cervical dys-
tonia was comparable following BoNT/A and B treat-
ments, but dry mouth and dysphagia were more frequent 
with BoNT/B  [113, 115] . A Class II study reported that 
patients treated with BoNT/B had less saliva production 
and more severe constipation than those treated with 
BoNT/A  [117] . 

 A Class IV study reported that using EMG guidance 
can improve outcome in patients with cervical dystonia 
 [125] . A Class III trial evaluated that the association of 
ad hoc rehabilitative programme with BoNT injections 
in patients with cervical dystonia  [118]  provided more 
marked improvement and a longer duration effect than 
BoNT injections alone.    

  Medical  t reatments 

  Botulinum  t oxins 
 Botulinum toxin treatment continues to be the fi rst 
choice treatment for most types of focal dystonia. Phar-
macological and neurosurgical treatments have also a 
role in the treatment algorithm. 

 It is established that botulinum neurotoxins (BoNT), 
in properly adjusted doses, are effective and safe treat-
ments of cranial (excluding oromandibular) and cervical 
dystonia  [5] . In the last years long - term studies on the 
effi cacy and safety of BoNT/A have become available, a 
new formulation of BoNT/A has been marketed, and 
new studies on BoNT/B have been performed. Further to 
systematic reviews already reported in the previous 
guidelines version, a new evidence - based systematic 
review released by the American Academy of Neurology 
 [109]  recommended that BoNT injections should be 
offered as a treatment option for cervical dystonia (estab-
lished as effective) and may be offered for blepharo-
spasm, focal upper extremity dystonia, and adductor 
laryngeal dystonia (probably effective). A lower level of 
evidence was detected for focal lower - limb dystonia 
(possibly effective). 

 The effi cacy and safety profi le of BoNT treatment has 
been evaluated in long - term observational studies. In 
patients with different dystonia types followed for   12 
years there was no decline of effi cacy and the main side 
effects consisted of muscle weakness in or around the 

 Recommendations and Good Practice Points 
       1     Structural brain imaging is not routinely required when 

there is a confi dent diagnosis of primary dystonia in adult 
patients, because a normal study is expected in primary 
dystonia  [107]  (GPP).  

  2     Structural brain imaging (MRI) is necessary for screening 
of secondary forms of dystonia  [108]  (GPP). CT may be 
required to differentiate between calcium and iron 
accumulation.  

  3     Presynaptic dopaminergic scan (DAT or  18 F - DOPA) 
are useful to differentiate between dopa - responsive 
dystonia and juvenile Parkinson ’ s disease presenting 
with dystonia (GPP). This can also be useful to 
distinguish dystonic tremor from parkinsonian 
tremor (GPP).     
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Japan. After it received FDA approval in the form of a 
humanitarian device exemption in the United States and 
CE certifi cation in Europe, it is uniformly being reim-
bursed by health insurance carriers. 

 In August 2006, the National Institute for Clinical 
Excellence (NICE), UK, published a guideline for treat-
ment of tremor and dystonia with DBS  [130] , which was 
based on data from a systematic review and two primary 
studies. According to this evidence, GPi DBS provided 
marked benefi t of dystonia, with improvement of dysto-
nia motor scores ranging between 34 and 88% and dis-
ability scores between 40 and 50%. A meta - analysis using 
a regression analysis published in 2006 revealed that 
longer duration of dystonia correlated negatively with 
surgical outcome  [131] . The German DBS Working 
Group recently provided recommendations on several 
practical issues  [132] . 

 One Class I randomized sham - controlled study with a 
crossover design at 3 months found that in patients with 
primary generalized and segmental dystonia the change 
from baseline in the mean dystonia motor score was 
signifi cantly greater in the neurostimulation group 
(  15.8        14.1 points) than in the sham - stimulation group 
(  1.4        3.8 points)  [133] . In addition, patients in the 
sham - stimulation group had a similar benefi t when they 
switched to active treatment during the open - label phase 
of the study. A total of 22 adverse events occurred in 19 
patients (the most frequent adverse event was dysarthria) 
during an overall follow - up of 6 months. 

 There are several studies with some form of blinded 
assessment, including either blinded video evaluation or 
double - blind assessment randomized to off or on DBS 
 [134 – 137]  which provide Class II – III evidence and 
support the effi cacy and safety of DBS GPi in selected 
patients with primary generalized or segmental dystonia 
 [134, 135] , primary cervical dystonia  [136] , or tardive 
dystonia  [137] . 

 Numerous Class IV studies with either prospective or 
retrospective design have been published over the past 
few years. The effi cacy of GPi DBS was related to disease 
duration in one study  [138] . Quality of life was shown to 
improve both in patients with primary segmental and 
generalized dystonia  [139 – 142] . Stimulation via contacts 
located directly within the posteroventral portion of the 
GPi provided the best overall effect  [143] . While high -
 frequency stimulation at 130   Hz or higher has been used 
in most studies, stimulation   100   Hz has been shown to 

  Other  m edical  t reatments 
 No new Level A or B data are available for oral medica-
tions. Therefore the previously reported recommenda-
tions and Good Practice Points are retained  [5] .   

  Neurosurgical  p rocedures 

  Deep  b rain  s timulation 
 Long - term electrical stimulation of the globus pallidus 
internus (GPi) is now established as an effective treat-
ment for various types of dystonia  [128] . The use of deep 
brain stimulation (DBS) for dystonia currently addresses 
in particular primary generalized or segmental forms, 
complex cervical dystonia, and tardive dystonia in 
patients who do not achieve suffi cient relief with conser-
vative approaches  [129] . Other manifestations are 
still being explored, such as status dystonicus, task - 
specifi c dystonia, camptocormia, and secondary dysto-
nias including hemidystonia, PKAN, Lesch - Nyhan, and 
cerebral palsy - related dystonia - choreoathetosis. DBS for 
dystonia is widely available in Western countries and in 

 Recommendations and Good Practice Points 
       1     BoNT/A (or type B if there is resistance to type A) can 

be regarded as fi rst - line treatment for primary cranial 
(excluding oromandibular) or cervical dystonia  [126, 127]  
(Level A).  

  2     BoNT/A is effective for writer ’ s cramp  [114]  (Level A) and 
is possibly effective in other types of upper - limb dystonia, 
but controlled dose adjustments are needed because of 
frequent muscle weakness (GPP).  

  3     BoNT/A is probably effective for adductor - type laryngeal 
dystonia, but there is insuffi cient evidence to support 
effi cacy in abductor - type laryngeal dystonia and in 
muscular tension dysphonia (GPP).  

  4     BoNT is safe and effi cacious when repeated treatments 
are performed over many years (GPP), but doctors and 
patients should be aware that excessive cumulative doses 
may be dangerous, particularly in children (GPP).  

  5     BoNT injections can be performed by direct inspection; 
EMG -  or ultrasound - assisted targeting may improve clinical 
outcome (GPP).  

  6     BoNT should not be used in patients affected by a 
disorder of neuromuscular transmission or in the presence 
of local infection at the injection site. The recommended 
dosage should not be exceeded (GPP).     
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patient satisfaction in some patients  [165] . Tardive dys-
tonia, as opposed to other dystonias appears also a good 
indication for Gpi DBS with benefi ts similar to those seen 
in primary dystonia  [137] . 

 Safety aspects that have to be considered include 
surgery - related complications, stimulation - induced side 
effects, and hardware - related problems. Recently, it was 
noted that Gpi DBS in patients with segmental dystonia 
may induce a parkinsonian gait or bradykinesia in 
extremities which were not affected by dystonia at 
chronic stimulation with high voltage  [164, 166] . 

 Chronic stimulation in dystonia uses both higher 
pulse width and voltage than in Parkinson ’ s disease (PD), 
which results in earlier battery depletion; replacement 
may be needed, sometimes every 2 years or less. Sudden 
battery depletion may induce acute recurrence of dysto-
nia, sometimes resulting in a medical emergency. No 
study, thus far, has evaluated if rechargeable pulse gen-
erators are more useful than non - rechargeable ones for 
patients with dystonia.    

be a possible alternative in selected patients with dystonia 
 [144, 145] . 

 It is clear that improvement of dystonia after DBS 
frequently follows a particular pattern, with phasic, myo-
clonic, and tremulous elements improving earlier than 
tonic elements, the latter often with a delay of weeks or 
months  [146 – 148] . More recently, it has also been shown 
that upon recurrence of dystonia after switching off DBS, 
phasic elements manifest again within minutes and tonic 
elements within hours  [149] . The GPi has been used in 
most studies on chronic stimulation, while there is 
limited experience with other targets  [129]  such as thala-
mus  [150] , STN  [151] , and cortex  [152] . 

 Overall, the most benefi cial results with pallidal DBS 
were reported in children with primary generalized dys-
tonia. DYT1 dystonia was shown to improve in the range 
of 40 – 90%  [153 – 155]  and also adult patients with non -
 DYT1 primary generalized dystonia can achieve equiva-
lent benefi t  [146, 147, 156] . The French Spidy Study on 
patients with primary generalized dystonia reported a 
mean motor improvement of 54%, and a mean improve-
ment of disability of 44% at 1 - year follow - up  [134] . 

 Long - term effi cacy was reported to be sustained after 
more than 5 years of follow - up  [157 – 160] . Bilateral pal-
lidal stimulation did not negatively affect cognitive per-
formance  [161] . 

 In patients with cervical dystonia, GPi DBS has been 
used primarily in those who were thought not to be ideal 
candidates for peripheral denervation, including patients 
with head tremor and myoclonus, or marked phasic dys-
tonic movements  [148, 162, 163] . In the past few years, 
however, indications have been widened. In a recent 
Class II trial the Toronto Western Spasmodic Torticollis 
Rating Scale (TWSTRS) dystonia severity score improved 
from a mean of 14.7        4.2 before surgery to 8.4        4.4 at 
12 months postoperatively  [136] . Disability and pain 
scores improved similarly. 

 Patients with primary craniofacial dystonia may 
achieve similar benefi t to patients with other segmental 
dystonia with regard to the severity score. In a study on 
six patients with Meige syndrome, a mean improvement 
of 72% of dystonia motor scores was seen at 6 months 
postoperatively  [164] . The impact of GPi on secondary 
dystonia, in general is much less pronounced. Patients 
with dystonia and choreoathetosis due to cerebral palsy 
may achieve limited benefi t with motor scores improving 
between 10 and 40%, but nevertheless yielding acceptable 

 Recommendations and Good Practice Points 
       1     Pallidal DBS is considered a good option, particularly for 

primary generalized or segmental dystonia, after 
medication or BoNT have failed to provide adequate 
improvement  [133]  (Level A).  

  2     Pallidal DBS can be considered a good option for cervical 
dystonia after medication or BoNT have failed to provide 
adequate improvement  [136]  (Level B).  

  3     Pallidal DBS, in general, is less effective in secondary 
dystonia with the exception of tardive dystonia  [165, 167]  
(Level C).  

  4     This procedure requires a specialized expertise and a 
multidisciplinary team, and is not without side effects 
(GPP).  

  5     Pallidal DBS should not be used in patients with dementia 
or in patients with disability due to secondary fi xed 
deformities (GPP).     

  Other  s urgical  p rocedures 
 In the past fi ve years, there have been no new studies 
providing Class I or II evidence for selective peripheral 
denervation, myectomy and myotomy, intrathecal 
baclofen, or radiofrequency lesioning. Therefore, the 
previously reported recommendations and Good Prac-
tice Points are retained  [5] .   
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  Physical  t herapy and  r ehabilitation 

 Recently, there has been an increased number of publica-
tions showing that physical therapy and rehabilitation 
procedures have an important role in the care of patients 
with dystonia  [168, 169] . A number of studies have 
reported motor improvement in patients with writer ’ s 
cramp and other forms of focal dystonia following 
physical treatment, and sensory and motor retraining 
 [170 – 172] . 

 A Class II study showed that transcutaneous electrical 
nerve stimulation caused a signifi cant benefi cial effect in 
patients with writer ’ s cramp  [173] . A Class IV study of 
patients with primary writing tremor showed the benefi -
cial effect of writing after training with a device that 
supported the hand and held the pen  [174] . This evi-
dence adds to the already reported Class III study  [118]  
where physical therapy was combined with BoNT/A 
injections in patients with cervical dystonia. 
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 Recommendations and Good Practice Points 
       1     Transcutaneous electrical nerve stimulation to forearm 

fl exor muscles administered is probably effective in 
patients with writer ’ s cramp  [173]  (Level B).  

  2     We encourage the conduction of new randomized 
controlled studies on these potentially useful interventions, 
particularly for patients with upper - limb dystonia (GPP).     
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associated with intracranial abnormalities including life -
 threatening haematoma, which resulted in a set of rules 
for diagnostic imaging, observation, and follow - up of 
patients.   

 Since the appearance of the EFNS guideline new data 
have been published. Results of an independent Dutch 
multicentre study in 3181 patients with MTBI demon-
strated that the EFNS guideline has a 100% sensitivity for 
the detection of intracranial abnormalities after MTBI 
 [6] . Despite this convincing result from the patient safety 
perspective, it was also concluded that the specifi city of 
the EFNS guideline is low and the number of patients 
needed to scan to detect abnormalities is very high. 

 These limitations form an important reason to update 
and refi ne the EFNS guideline; and there have also been 
reports that caution against the liberal use of computed 
tomography (CT) because of an increase in lifetime 
cancer mortality risks attributable to radiation from CT 
 [7] . Second, healthcare costs form a concern in MTBI. A 
restrictive use of CT compared to the current guideline 
has been propagated. Selecting patients with MTBI for 
CT, i.e. ordering a CT less frequently, may be cost -
 effective as long as the sensitivity of such procedures for 
the identifi cation of patients who require neurosurgery 
remains high. 

 In this version, based on new publications since 
2001, we present updated guidelines for early manage-
ment in MTBI with respect to the indication for CT and 
early management (admission, clinical observation and 
follow - up).  
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   Introduction 

 Traumatic brain injury (TBI) caused by sudden impact 
or acceleration deceleration trauma of the head is among 
the most frequent neurological disorders  [1] . The acute 
phase of mild traumatic brain injury (MTBI) is charac-
terized by a 10% risk for intracranial abnormalities like 
contusion, subdural or epidural hematoma, brain swell-
ing, subarachnoid haemorrhage, or pneumocephalus; a 
low risk (1%) of life - threatening intracranial haematoma 
that needs immediate neurosurgical operation both in 
adults and in children; and a very low mortality of 0.1% 
in adults and even lower in children  [2, 3] . Early manage-
ment in MTBI deals with the recognition and immediate 
medical treatment of physiological parameters that may 
worsen brain pathology. Key to the acute management of 
mild TBI patients is the recognition of clinical signs and 
symptoms (risk factors) that increase the likelihood of 
intracranial haematoma that need neurosurgical opera-
tion. In 2002, the EFNS guideline on early management 
in MTBI was published. MTBI was defi ned as patients 
with head injury and a GCS 13 – 15 (see table  13.1  for 
classifi cation). This guideline was largely based on two 
formal evidence - based clinical decision rules  [4, 5] . In the 
2002 EFNS guideline, risk factors were defi ned that are 
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neurosurgical intervention or clinically important brain 
injury after MTBI  [4, 5, 9] . It was subsequently demon-
strated that the EFNS guideline compared to other exist-
ing guidelines has a high sensitivity for the identifi cation 
of patients with clinical relevant traumatic fi ndings at CT 
 [6, 10] . In addition, the EFNS guideline confi rmed that 
in patients with MTBI the use of CT can be safely limited 
to those who have certain clinical fi ndings. The generaliz-
ability and reliability of existing guidelines and predici-
tion rules is in general lower than described in the original 
studies as was demonstrated in an independent sample 
of 1101 patients evaluating 11 existing guidelines  [10] . 
For an overview of the risk factors used in existing guide-
lines rules and studies from which they were derived, see 
table  13.2 . The sensitivity of the original studies forming 
the basis for the guidelines after external validation 
amounts to 85 – 100% for neurosurgical intervention and 
85 – 96% for clinical important fi ndings  [10, 11] .   

  Conclusion    Various prediction rules that employ differ-
ent risk factors have high sensitivity and low specifi city 
for clinically relevant intracranial abnormalities and the 
need for neurosurgical operation (Evidence Level I).    

  Search  s trategy 

 A systematic search of the English literature in the 
MEDLINE, EMBASE, Cochrane database (2001 – 2009) 
using the key words minor head injury, mild head injury, 
mild traumatic brain injury, traumatic brain injury, guide-
lines, and management. Additional articles were identifi ed 
from the bibliographies of the articles retrieved, and from 
textbooks. Articles were included if they contained data on 
classifi cation system used (i.e. admission Glasgow Coma 
Scale (GCS) 13 – 15) and outcome data (CT abnormalities, 
need for neurosurgical intervention, mortality) or man-
agement. Articles judged to be of  historical value and exist-
ing (new) guidelines were also included and reviewed for 
useful data. Where appropriate, a classifi cation of evidence 
level was given for interventions, diagnostic tests, and 
grades of recommendation for management according to 
the neurological management guidelines of the EFNS  [8] . 
Where there was a lack of evidence but consensus was clear 
we have stated our opinion as Good Practice Points (GPP).  

  Clinical  d ecision  r ules for  CT  

  Adults 
 The 2002 version of the EFNS guideline, which weighed 
heavily on two prospective Class I/II studies, offered a 
decision rule for use of CT to demonstrate the need for 

  Table 13.1.    Classifi cation of traumatic brain injury and indication for immediate head CT. 

   Classifi cation     Characteristics     Indication for 
immediate head CT  *    

  Mild    Hospital admission GCS        13 – 15 
 Loss of consciousness if present 30   min or less  

    

  Category          
  1    GCS        15 

 No risk factors or only 1 minor risk factor present (CHIP rule) 
 Head injury, no TBI  

  No  

  2    GCS        15 
 With risk factors or        1 major risk factor(s) or        2 minor risk factors (CHIP rule)  

  Yes  

  3    GCS        13 – 14    Yes  

  Moderate    GCS        9 – 12    Yes  

  Severe    GCS        8    Yes  

  Critical    GCS        3 – 4, with loss of pupillary reactions and absent or decerebrate motor reactions    Yes  

   GCS, Glasgow Coma Scale; TBI, traumatic brain injury; CHIP, CT in Head Injury Patients.  * Major and minor risk factors for indication of 
immediate head CT in MTBI are shown in table  13.2 .   

 Recommendation 
    Protocols for initial management in MTBI should include a 
decision scheme or prediction rule algorithm for the use of 
CT after MTBI (Grade A recommendation).  
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  Table 13.2.    Overview of prediction rules/guidelines for the detection of intracranial lesions and need for neurosurgical operation after 
MTBI in adults. 

   Risk factor     EFNS 2002     NOC     CCHR     CHIP     NICE     NEXUS II  

      GCS        
13 – 15  

  LOC GCS        
15  

  LOC or PTA 
GCS        13 – 15  

  GCS        13 – 14 
 GCS        15        risk factor  

  GCS        13 – 15    Blunt head 
trauma  

      guideline     n         909     n         3121     n         3181    guideline      

   HISTORY                           
  Age             (  60   y)       (  65   y)       (  60   y) or minor 

(40 – 60   y)  
     (  65   y, if 

LOC)  
    65  

  Loss of consciousness          Inclusion    Inclusion    Minor            
  Headache                                  
  Vomiting                   (  2)             (  1)        
  Post - traumatic seizure                Excluded                  
  Dizziness                          
  Pre - traumatic seizure                                    
  Anticoagulation therapy                Excluded             if LOC        

   EXAMINATION                           
  GCS score        15          Excluded       (at 2   h post 

injury)  
           (2   h post 

injury)  
      

  Suspicion of open or depressed 
skull fracture  

                                    

  Clinical signs of basal skull 
fracture  

                                    

  Clinical signs of skull fracture                                    
  Intoxication                                    
  Persistent anterograde amnesia                      Minor              
  Focal neurologic defi cit          Excluded    Excluded    Minor              
  Retrograde amnesia                   (  30   min)             (  30   min)      
  Contusion of the skull                    Minor          
  Signs of facial fracture                                    
  Contusion of the face                                    
  GCS score deterioration                         (  2   pts) or minor (1   pt)            
  Prolonged PTA                         (  4   h) or minor (2 to 

  4   h)  
        

  Multiple injuries                                    

   MECHANISM                           
  Dangerous mechanism a                                if LOC      
  High - energy trauma                                    
  Unclear trauma mechanism                                    

   Continued post - traumatic amnesia is defi ned as a GCS verbal reaction of 4 and hence the GCS is by defi nition        15. High - energy 
(vehicle) accident in EFNS defi ned as initial speed        64 km/h, major auto - deformity, intrusion into passenger compartment        30   cm, 
extrication time from vehicle        20   min, falls        6   m, roll - over, auto – pedestrian accidents, or motor cycle crash        32 km/h or with 
separation of rider and bike  [26, 34] . Dangerous mechanism in CHIP defi ned as ejected from vehicle, pedestrian or cyclist versus 
vehicle. Neurosurgery defi ned in EFNS as: death within 7 days, craniotomy, elevation of skull fracture, intracranial pressure monitoring 
or intubation for head injury; in NOC as craniotomy, or placing of monitoring bolt; in CCHR as death or craniotomy; in CHIP as 
craniotomy, elevation of depressed skull fracture, ICP monitoring. In NEXUS - II intracranial injury was defi ned as mass effect or sulcal 
effacement, signs of herniation, basal cistern compression or midline shift, substantial epidural or subdural haematomas (  1   cm in width, 
or causing mass effect), substantial cerebral contusion (  1   cm in diameter, or more than one site), extensive subarachnoid haemorrhage, 
haemorrhage in the posterior fossa, intraventricular haemorrhage, bilateral haemorrhage of any type, depressed or diastatic skull 
fracture, pneumocephalus, diffuse cerebral oedema, or diffuse axonal injury.  
  GCS, Glasgow Coma Scale; LOC, loss of consciousness; EFNS, European Federation of Neurological Societies; NOC, New Orleans 
Criteria; CCHR, Canadian Closed Head Injury Rule; CHIP, CT in Head Injury Patients; NICE, National Institute of Clinical Excellence.   
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were younger than 5. In 766, a CT scan was carried out, 
of which 281 (37.7%) showed a traumatic abnormality, 
137 had a neurosurgical operation, and 15 died. The 
Chalice rule was 98% (95% CI 96 – 100%) sensitive and 
87% (95% CI 86 – 87%) specifi c for the prediction of 
clinically signifi cant head injury. With this rule the CT 
scan rate would be 14%. Although a highly sensitive clini-
cal decision rule was derived for the identifi cation of 
children who should undergo CT scanning after head 
injury, the rule has not been externally validated yet. A 
potential weakness of this study is that only patients who 
had a skull radiograph or CT, were admitted to hospital, 
or underwent neurosurgery were followed up. However, 
to minimize the chance of missing a poor outcome in 
those not followed up endpoints were verifi ed indirectly 
via collection of data collected in the participating centres 
and two tertiary hospitals separately on every child who 
had a skull radiograph or CT of the brain. In addition, 
hospitals prospectively collected data on patients who 
were admitted, underwent neurosurgery, or stayed in the 
intensive care unit or neurorehabilitation unit from 12 
centres. These data were then cross - checked with those 
in the study database. Finally, to verify unexpected poor 
outcome in patients at low risk for important injury, the 
Offi ce of National Statistics provided the investigators 
with details of children who died, in whom head injury 
was any part of the cause of death. 

 The Chalice rule describes criteria for use of CT that 
may be applicable in all children 0 – 17 years of age, crite-
ria yielding a high sensitivity of 97.6% (CI: 94 – 99.4%) in 
those with a GCS of 13 – 15 (Evidence Level I). 

 A second study aiming to identify children at low risk 
of clinically important traumatic brain injuries for whom 
CT might be unnecessary, enrolled 42 412 patients 
younger than 18 years with a GCS of 14 – 15  [3] . CT scans 
were obtained on 14 969 (35.3%), 376 (0.9%) had clini-
cally signifi cant head injury (death from traumatic brain 
injury, neurosurgery, intubation        24   h, or hospital 
admission        2 nights ), and 60 (0.1%) underwent neuro-
surgery. Prediction rules were derived and validated 
separately in children younger than 2 years and for 
children 2 – 18 years, for death from traumatic brain 
injury, neurosurgery, intubation        24   h, or hospital 
admission        2 nights). 

 In 2216 children younger than 2 years (normal mental 
status, no scalp haematoma except frontal, no loss of 
consciousness or loss of consciousness for less than 5   s, 

  Children 
 A quarter of all patients presenting to emergency depart-
ments are children. Until recently no formal prediction 
rule existed for the selection of children with head injury 
at risk for intracranial abnormalities. So it was ques-
tioned if in young patients with MTBI prediction rules 
originally developed for adults may apply. In a prelimi-
nary study, Haydel  et al . determined whether a clinical 
decision rule developed for adults could be used in chil-
dren aged 5 years and older with MTBI and a normal 
consciousness  [12] . In 175 patients aged 5 to 17 years 
with minor head injury (defi ned as normal GCS or modi-
fi ed GCS in infants, plus normal brief neurologic exami-
nation) and loss of consciousness (LOC), the presence of 
six clinical variables: headache, vomiting, intoxication, 
seizure, short - term memory defi cits, and physical evi-
dence of trauma above the clavicles, was assessed. CT was 
obtained for all patients. Fourteen (8%) patients had 
intracranial injury or depressed skull fracture on CT. The 
presence of any of the six criteria was signifi cantly associ-
ated with an abnormal CT scan result ( p         0.05) and was 
100% (95% confi dence interval (CI) 73 – 100%) sensitive 
for identifying patients with intracranial injury. Use of 
this clinical decision rule previously validated in adults 
could safely reduce CT use by 23% in the paediatric 
population older than 5 years of age with a normal con-
sciousness at the emergency department (ED) (Evidence 
Level II). 

 In 2006 and 2009, two large studies appeared involving 
more than 60 000 patients that demonstrated that in 
children, as in adults, use of prediction rules in the selec-
tion of CT to detect life - threatening haematoma is fea-
sible  [3, 13] . 

 The CHALICE study, a prospective multicentre diag-
nostic cohort study, aimed to provide a rule for selection 
of high - risk children with head injury for CT scanning 
and included all children presenting to the EDs of 10 
hospitals  [13] . From 40 clinical variables, defi ned from 
the literature, 14 were appointed prior to the study. Pres-
ence of one of these variables would require a CT. Of 22 
772 patients with any severity of head injury that were 
evaluated, 96.6% had a GCS of 15 at hospital admission 
 [13] . Clinically signifi cant head injury was defi ned as 
death, need for neurosurgical intervention, or abnormal-
ity on a CT scan. Recursive partitioning was used to 
create a highly sensitive rule for the prediction of signifi -
cant intracranial pathology. Of the study population 56% 
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unilateral paresis or cranial nerve defi cit), pupillary 
responses, blood pressure, and pulse rate  [15 – 17] . In 
addition, the presence of frontal lobe signs, cerebellar 
symptoms, or sensory defi cits should be actively investi-
gated. Accurate assessment of post - traumatic amnesia 
(PTA) is relevant to guide clinical decision making. 
Although, despite the importance of PTA measurement, 
no gold standard for PTA assessment exists, use of formal 
PTA method is recommended (GPP). Existing methods 
to assess PTA include the Galveston Orientation and 
Amnesia Test (GOAT)  [18] , the (Modifi ed) Oxford PTA 
Scale (MOPTAS)  [19] , the Westmead PTA Scale (West-
mead)  [20] , and the Nijmegen PTA scale.    

non - severe injury mechanism, no palpable skull fracture, 
and acting normally according to the parents) had a 
negative predictive value of 100% (95% CI 99.7 – 100%) 
and sensitivity of 100% (86.3 – 100%). For children aged 
2 years and older, in 6411 patients, a normal mental 
status, no loss of consciousness, no vomiting, non - severe 
injury mechanism, no signs of basilar skull fracture, and 
no severe headache, yielded a negative predictive value of 
99.95% (95% CI 99.81 – 99.99%) and sensitivity of 96.8% 
(95% CI 89.0 – 99.6%). Both rules identifi ed all neurosur-
gical operations in the validation populations.     

 Recommendations 
        •      In young patients with MTBI and a normal consciousness, 

prediction rules originally developed for adults may apply 
when they are 5 years of age or older (Grade C).  

   •      In patients under 5 years of age, prediction rules for the 
need of CT to detect intracranial haematoma also apply 
but with a different set of risk factors, such as applied in 
the Chalice study  [13]  or the North American  [3]  
prospective cohort study (Grade A)  

   •      In young patients under 5 years of age, CT is a gold 
standard for the detection of life - threatening (and other 
intracranial) abnormalities after MTBI (Grade B).  

   •      In children under 2 years of age, a CT is  not  indicated if 
normal mental status, no scalp haematoma except frontal, 
no loss of consciousness or loss of consciousness for less 
than 5   s, non - severe injury mechanism, no palpable skull 
fracture, and acting normally according to the parents 
(Grade A).  

   •      In children aged 2 years and older, a CT is  not  indicated if 
all apply: a normal mental status, no loss of consciousness, 
no vomiting, non - severe injury mechanism, no signs of 
basilar skull fracture, and no severe headache (Grade A).     

  Initial  p atient  m anagement 

 According to the Advanced Trauma Life Support (ATLS) 
and Advanced Pediatric Life Support (APLS) guidelines, 
any patient with trauma should be evaluated for surgical 
trauma (Evidence Level III)  [14] . Proper triage includes 
assessing the airways, breathing, and circulation, and the 
cervical spine. A neurological examination is obligatory 
and should include level of consciousness, presence of 
anterograde or retrograde amnesia and/or disorienta-
tion, higher cognitive functions, presence of focal neuro-
logical defi cit (asymmetrical motor reactions or refl exes, 

 Recommendation 
    Following acute TBI all patients should undergo urgent 
neurological examination, in addition to a surgical 
examination (preferably according to ATLS or APLS 
guidelines). Furthermore, accurate history taking (including 
medication), preferably with information being obtained 
from a witness of the accident or personnel involved in 
fi rst - aid procedures outside the hospital, is important to 
ascertain the circumstances (mechanism of injury) under 
which the accident took place and to assess the duration of 
LOC and amnesia (GPP).  

  Home  d ischarge 

 In MTBI, CT can also be used to decide if patients should 
be admitted or transferred to a neurosurgical centre or 
discharged home  [4, 9, 11, 16, 21 – 23] . The majority of 
MTBI patients show normal CT scan fi ndings  [2, 24] . It 
has been shown before that in patients with a GCS        15 
and no skull fracture the absolute risk of a haematoma is 
1 in 7866 in adults and 1 in 12 559 in children (Evidence 
Level II)  [25] . It may be assumed that CT, which is much 
more sensitive in the detection of intracranial haema-
toma than the skull X - ray, is a better instrument to select 
patients for home discharge. Indeed, in a review involv-
ing two prospective studies and 52 studies containing 
over 62 000 patients investigating the safety of early CT 
in MTBI, only three cases were deemed to have experi-
enced an early adverse outcome despite a normal CT, a 
GCS        15, and a normal neurological examination on 
initial presentation. Only eight cases were identifi ed in 
which the interpretation was unclear  [22] . The conclu-
sion was that the evidence available shows that a CT 
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formed very early (within 1   h)  [30 – 32] . Repeated neuro-
logical observation (see above) is therefore obligatory for 
the timely detection of clinical deterioration and other 
neurological defi cits (such as sensory defi cits, frontal lobe 
signs, cerebellar symptoms, etc.). 

 Although no studies exist as to where patients with 
MTBI can be best admitted and in as far qualifi ed person-
nel should carry out observations, the NICE guidelines 
recommend that in - hospital observation of patients with 
a head injury should only be conducted by professionals 
competent in the assessment of head injury (Evidence 
Level III)  [33] . 

 When patients are observed in the hospital, observa-
tions should consist of general and neurological examina-
tions, and include breathing frequency, oxygen saturation, 
blood pressure, pulse rate, GCS, pupil size and reaction 
to light, motor reactions, and temperature  [33] .    

strategy is a safe way to triage patients for admission 
(Evidence Level II). 

 In addition, a multicentre, pragmatic, non - inferiority 
randomized trial involving 2602 patients aged        6 with 
MTBI within the past 24   h, confi rmed or suspected LOC 
or amnesia, or both, normal results on neurological 
examination and a GCS of 15, and no associated injuries 
that required admission, demonstrated that use of CT 
during triage is feasible and clinical outcomes are similar 
to those in patients admitted for observation (Evidence 
Level I)  [23] .    

 Recommendation 
        •      Patients with MTBI and a normal neurological examination 

(including a GCS        15), no risk factors (in particular a 
normal coagulation status), and a normal CT can be 
safely discharged home from the ED without head injury 
warning instructions or considered as such if admitted for 
other reasons than their head injury (Grade A).  

   •      For children under 6 years of age who are discharged 
home from the ED, head injury warning instructions are 
recommended because of the small likelihood of delayed 
cerebral swelling (GPP).  

   •      Patients with a new and clinically signifi cant traumatic 
lesion on CT, GCS        15, focal neurological defi cit, 
restlessness or agitation, intoxication with alcohol or 
drugs, or other extracranial injuries should be admitted to 
the hospital (Grade C).  

   •      A repeat CT should be considered if the admission CT 
fi ndings were abnormal or if risk factors are present 
(Grade C).     

  Clinical  o bservation 

 All patients with a GCS        15, including continued post -
 traumatic amnesia, abnormal neurological examination 
or intracerebral abnormalities, should preferably be 
admitted to hospital for observation (fi gure  13.1 ). Most 
guidelines recommend an observation period of mini-
mally 12 – 24   h  [16, 26 – 29] . The main goal of clinical 
observation is to detect, at an early stage, the develop-
ment or worsening of extradural or subdural haematoma 
or diffuse cerebral oedema. A secondary goal is to deter-
mine the duration of PTA.   

 An extradural haematoma usually develops within 6   h, 
and thus the initial CT may be false - negative when per-

 Recommendation 
        •      A complete neurological examination is mandatory after 

admission and should include assessment of the GCS, 
pupillary size and reaction to light, and short - term 
memory. Repeat neurological examination should be 
carried out, its frequency being dependent on the clinical 
condition of the patient; if the GCS is   15 it should be 
every 30   min. Patients with a GCS of 15 should be 
examined every 30   min, for 2   h, and if no complications or 
deterioration occurs, every hour for 4   h, hereafter once 
every 2   h. The use of a neurological checklist may be 
helpful to document the neurological condition and its 
course. If deterioration occurs, possible intracranial causes 
should be evaluated with (repeated) CT (Grade C).  

   •      In - hospital observation of patients with a head injury 
should only be conducted by professionals competent in 
the assessment of head injury (GPP).     

  Follow -  u p 

 It has been shown that regular specialized outpatient 
follow - up visits are effective in reducing social morbidity 
and the severity of symptoms after MTBI  [34] . In a large 
randomized controlled trial, patients with a PTA shorter 
than 7 days who received specialist intervention had sig-
nifi cantly less social disability and fewer post - concussion 
symptoms 6 months after injury than those who did not 
receive the service (Evidence Level II)  [34] .    
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     Figure 13.1.      Decision scheme for initial management in Mild traumatic Brain Injury (modifi ed from the Dutch and Scandinavian 
guidelines)  [16, 29]   GCS, Glasgow Coma Scale; LOC, loss of consciousness; PTA, post - traumatic amnesia; TBI, traumatic brain injury; CT, 
computed tomography; MRI, magnetic resonance imaging.  * Risk factors are shown in table  13.2 , no risk factor in CHIP rule includes only 1 
minor risk factor.  

Mild Traumatic Brain Injury (GCS = 13–15) 
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 Recommendation 
    It is recommended that all patients with MTBI who have 
been admitted to hospital should be seen at least once in the 
outpatient clinic in the fi rst two weeks after discharge (Grade 
C)  [34] . Patients who are discharged immediately should 
contact their general practitioners, who can decide to refer 
the patient to the neurologist if complaints persist (Grade C).  

  Conclusions 

 This update of the guidelines presented in this paper 
stress the importance of careful neurological examina-
tion, assessment of trauma history, and extensive use of 
CT. The use of a clinical decision rule for CT and hospital 
admission after MTBI is confi rmed. In addition to adults, 
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evidence is lacking and therefore the rating of recom-
mendation is below C, best practice is recommended 
(GPP).  

  Methods 

  Search  s trategy 
 Searches were made in MEDLINE, the full database of 
the Cochrane Library, and the International Network of 
Agencies for Health Technology Assessment (INAHTA). 
The databases were also searched for existing guidelines 
and management reports, and requests were made to 
EFNS societies for their National Guidelines. For the 
2010 update, the Movement Disorder Society ’ s Evidence 
Based Medicine Task Force conducted systematic check-
ing of reference lists published in review articles and 
other clinical reports, and provided the results of a litera-
ture search for articles published until September 2009.  

  Method for  r eaching  c onsensus 
 Classifi cation of scientifi c evidence and the rating of 
recommendations are made according to the EFNS 
guidance  [1] . This report focuses on the highest levels of 
evidence available. If the level of available evidence is only 
Level IV, i.e if the evidence is based on the experience of 
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   Background 

 In the initial stages of disease, levodopa is the most effec-
tive therapy for improving motor symptoms in Parkin-
son ’ s disease (PD). However, long - term treatment is 
accompanied by the development of fl uctuations in 
motor performance, dyskinesias, and neuropsychiatric 
complications. Furthermore, as PD progresses, patients 
develop features that do not respond well to levodopa 
therapy, such as freezing episodes, autonomic dysfunc-
tion, postural instability, falling, dementia, and symp-
toms related to the administration of other drugs. The 
increasingly diverse possibilities in the therapy of PD, 
and the many side effects and complications of therapy, 
require reliable standards for patient care that are based 
on current scientifi c knowledge. 

 This chapter provides these scientifi cally supported 
treatment recommendations. 

 If the level of available evidence is only Level IV, i.e if 
the evidence is based on expert opinion and scientifi c 
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disease - modifying effect of drugs primarily known for 
their symptomatic effect. 

   MAO  -  B   i nhibitors 
 Studies in early PD (Class I and II:  [6 – 10]  showed that 
selegiline postpones the need for dopaminergic treat-
ment by   6 months, suggesting a delay in disability 
progression. However, the initial advantages of selegiline 
were not sustained  [11] . Rasagiline had been shown to 
have symptomatic effect in early  de novo  PD patients in 
the TEMPO study (Class I:  [12] . These patients were fol-
lowed in a so - called delayed - start design 1  with 1   mg or 
2   mg rasagiline for 12 months. They showed less func-
tional decline (UPDRS - score) than subjects whose treat-
ment with rasagiline was delayed for 6 months, suggesting 
that a disease modifi cation may be present (Class I:  [13] . 
In the ADAGIO study (Class I:  [14] ; delayed start design) 
rasagiline was studied in less affected patients under ran-
domized double - blind placebo - controlled conditions for 
18 months. The combined primary endpoint was reached 
for 1   mg, but not for 2   mg. The authors themselves advise 
caution in the interpretation of the results, given they 
were not replicated in the 2   mg/day arm. The long - lasting 
benefi cial effect of the 1   mg dose may be interpreted as 
being due to a potential  ‘ disease - modifying effect ’ , or a 
symptomatic effect combined with other confounding 
factors  [14] . A disease modifying effect of 1   mg rasagiline 
can be hypothesized, but is currently not proven. 

 In summary, the delayed - start results are compatible 
with the concept that 1   mg/day rasagiline is possibly effi -
cacious for disease modifi cation. However, in the absence 
of long - term follow - up, such trials do not provide suf-
fi cient evidence to conclude on any potential disease -
 modifying  –  as opposed to the symptomatic  –  effect of 
rasagiline in PD in respect to its usefulness in the practi-
cal management of early PD.  

  Levodopa 
 The only available placebo - controlled study of levodopa 
in relation to neuroprotection is inconclusive about 
any neuroprotective, as opposed to symptomatic, effect 

the guidelines development group (expert opinion) and/
or scientifi c evidence is lacking and therefore the rating 
of recommendation is below C, best practice is recom-
mended (GPP). 

 Meetings of the original author group were held in 
Chicago in June 2008 and in Paris in May 2009 to agree 
the strategy for revision of the original review, and addi-
tional members were invited to join the author group. 
Two authors were assigned to review the recent publica-
tions relating to each section of the original document, 
grade the evidence, and make any necessary revisions. 

 For recommendations concerning drug dosage, 
method and route of administration, and contraindica-
tions, the reader is referred to the local formulary or 
manufacturer ’ s instruction, except when provided within 
the guidelines ’  recommendation itself.   

  Interventions for the  m anagement 
of  e arly ( u ncomplicated) 
Parkinson ’ s  d isease 

 This section discusses drug classes used in the pharma-
cological treatment of PD. Following this, there is con-
sideration of the non - pharmacological interventions in 
early (uncomplicated) PD. 

  Neuroprotection and 
 d isease  m odifi cation 
 To date, no adequate clinical trial has provided une-
quivocal evidence for pharmacological neuroprotection. 
While many agents appear to be promising based on 
laboratory studies, selecting clinical endpoints for clinical 
trials that are not confounded by symptomatic effects of 
the study intervention has been diffi cult. As matters 
stand at present, neuroprotective trials of riluzole (Class 
II:  [2] , coenzyme Q10 (CoQ) (Class II:  [3] , and glial -
 derived neurotrophic factor (GDNF) (Class II:  [4]  do not 
support the use of any of these drugs for neuroprotection 
in routine practice. Although a meta - analysis of seven 
observational studies suggested that dietary intake of 
vitamin E protects against PD (Class III:  [5] , vitamin E 
did not have a neuroprotective effect in patients with PD 
(Class I:  [6] ). 

 Likewise, no adequate clinical trial has provided 
unequivocal evidence for a disease - modifying effect of 
any available pharmacotherapy. The sections below 
describe the investigations on the neuroprotective and 

     1      The introduction of the  ‘ delayed start design ’  for studying a 
potential disease - modifying effect has not resolved the issues 
that: (1) the primary endpoint(s) are not confounded by a 
symptomatic effect of the intervention under study; (2) the 
study duration may not be long enough; and (3) the enrolled 
group of PD patients may already be too far in the course of the 
disease to address the issue of disease modifi cation.  
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and two reviews, indicate that adjunctive anticholinergics 
have only a minor effect on PD symptoms in patients on 
levodopa therapy, and that the tremor - specifi c data are 
inconclusive  [27, 28] .  

  Prevention of  m otor  c omplications 
 No studies available.  

  Symptomatic  t reatment of  n on -  m otor  p roblems 
 Because of the risk of side effects (see below), centrally 
acting anticholinergics are usually not advised for the 
therapy of non - motor, i.e. autonomic, dysfunctions (see 
Part II of the review).  

  Safety 
 The clinical use of anticholinergics has been limited by 
their side - effect profi les and contraindications. The most 
commonly reported side effects are blurred vision, 
urinary retention, nausea, constipation (rarely leading to 
paralytic ileus), and dry mouth. The incidence of reduced 
sweating, particularly in those patients on neuroleptics, 
can lead to fatal heat stroke. Anticholinergics are contra-
indicated in patients with narrow - angle glaucoma, tachy-
cardia, hypertrophy of the prostate, gastrointestinal 
obstruction, and megacolon. 

 Impaired mental function (mainly immediate memory 
and memory acquisition) and acute confusional state are 
a well - documented central side effect that resolves after 
drug withdrawal (Class IV:  [32] . Therefore, if dementia 
is present, the use of anticholinergics is contraindicated. 

 The abrupt withdrawal of anticholinergics may lead to 
a rebound effect with marked deterioration of parkinson-
ism. Consequently, anticholinergics should be discontin-
ued gradually and with caution  [33, 34] .   

  Amantadine 

  Mechanism of  a ction 
 Amantadine ’ s mechanism of action appears to be mul-
tiple. A blockade of NMDA glutamate receptors and an 
anticholinergic effect are proposed, whereas other evi-
dence suggests an amphetamine - like action to release 
presynaptic dopamine stores.  

  Symptomatic  t reatment of 
 p arkinsonism ( m onotherapy) 
 Class II studies  [24, 35 – 37]  and reviews  [28, 38]  show 
that amantadine induces symptomatic improvement.  

(Class I:  [15] . Mortality studies suggest improved sur-
vival with levodopa therapy (Class III:  [16] ; review:  [17] ).  

  Dopamine  a gonists 
 Class I randomized, controlled trials with bromocriptine, 
pergolide, pramipexole, and ropinirole produced no 
convincing evidence of neuroprotection or disease modi-
fi cation  [9, 18 – 20] . 

 Starting treatment of PD patients with bromocriptine, 
rather than with levodopa, is not effective in improving 
mortality (Class II:  [21, 22] ).  

  Anticholinergics,  a mantadine,  COMT   i nhibitors 
 For these medications, either clinical studies are not 
available or the agents are unable to prevent the progres-
sion of PD.   

  Symptomatic  p harmacotherapy 
of  p arkinsonism 

  Anticholinergics 

  Mechanism of  a ction 
 Anticholinergics are believed to act by correcting the dis-
equilibrium between striatal dopamine and acetylcholine 
neurotransmission. Some anticholinergics, e.g. benzo-
tropine, can also block dopamine uptake in central dopa-
minergic neurons. The anticholinergics used to treat PD 
specifi cally block muscarinic receptors.  

  Symptomatic  t reatment of 
 p arkinsonism ( m onotherapy) 
 Three Class II trials found anticholinergic monotherapy 
more effective than placebo in improving motor function 
in PD (bornaprine  [23] , benzhexol  [24, 25] ). Biperiden 
is as effective as apomorphine in patients with parkinso-
nian tremor (Class III:  [26] ). However, data confl ict over 
whether anticholinergic drugs have a better effect on 
tremor than on other outcome measures or a better effect 
on tremor than other antiparkinsonian agents. These 
results are consistent with reviews concluding that anti-
cholinergics have only a small effect on PD symptoms, 
and that evidence for a special effect on tremor is incon-
clusive  [27, 28] .  

  Adjunctive  t herapy of  p arkinsonism 
 Class II studies of trihexyphenidyl  [29] , benzotropine 
 [30] , and bornaprine  [31]  in levodopa - treated patients, 
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 Two large scale placebo - controlled trials with rasagi-
line monotherapy in early PD with a follow - up of 6 – 9 
months (Class I: TEMPO - study  [12, 13] ;   ADAGIO - study 
 [14] ) provided consistent and signifi cant results for a 
modest symptomatic benefi t of early use of 1 mg and 
2   mg/daily to early  de novo  PD patients.  

  Adjunctive  t herapy of  p arkinsonism 
 In clinical studies (Class I:  [48 – 52] ) and a meta - analysis 
 [47]  investigating the addition of selegiline to other anti-
parkinsonian therapies (mainly levodopa), no consistent 
benefi cial effect was demonstrated on the core symptoms 
of PD in non - fl uctuating patients. Rasagiline has not 
been studied in this context.  

  Prevention of  m otor  c omplications 
 Selegiline has shown no effect in preventing motor fl uc-
tuations including wearing - off, ON – OFF fl uctuations 
and dyskinesia (Class I:  [53] ; Class II:  [54, 55] ). Rasagi-
line has not been studied in this context.  

  Symptomatic  t reatment of  n on -  m otor  p roblems 
 A Class II study detected no effect of selegiline on depres-
sion in PD  [56] . MAO - B inhibitors have not been inves-
tigated for the treatment of other non - motor problems.  

  Safety 
 As with any dopaminergic drug, MAO - B inhibitors can 
induce a variety of dopaminergic adverse reactions. At 
the daily doses of selegiline currently recommended, 
the risk of tyramine - induced hypertension (the  ‘ cheese 
effect ’ ) is low  [57] . The tyramine - effect does not need to 
be taken into consideration when using rasagiline. Con-
cerns that the selegiline/levodopa combination increased 
mortality rates  [58]  have been allayed  [59] .   

   COMT   i nhibitors 

  Mechanism of  a ction 
 Catechol -  O  - methyltransferase (COMT) inhibitors reduce 
the metabolism of levodopa, extending its plasma half -
 life and prolonging the action of each levodopa dose. 
Therapeutic doses of entacapone only act peripherally 
and do not alter cerebral COMT activity. Entacapone is 
administered together with each dose of levodopa. Enta-
capone is not approved for use in early (uncomplicated) 
and non - fl uctuating PD patients (see Part II). 

 Tolcapone (a second - line drug  –  see safety in Part II) 
also acts peripherally; in addition a small central effect is 

  Adjunctive  t herapy of  p arkinsonism 
 The addition of amantadine to anticholinergic agents is 
superior to placebo, with the improvement more pro-
nounced in severely affected patients (Class II:  [39, 40] . 

 Over 9 weeks, amantadine was benefi cial as an adjunc-
tive treatment to levodopa (Class II:  [41] ), with a more 
noticeable improvement in patients on low levodopa 
doses (Class II:  [42] . Together with the results of low class 
evidence studies (reviews:  [28, 38] ), data suggest that 
amantadine is probably effective as adjunct therapy, with 
an unproven long - term duration of effect.  

  Prevention of  m otor  c omplications 
 No studies available.  

  Symptomatic  t reatment of  n on -  m otor  p roblems 
 Not applicable.  

  Safety 
 Side effects are generally mild, most frequently including 
dizziness, anxiety, impaired co - ordination and insomnia 
(  5%), nausea and vomiting (5 – 10%), peripheral distal 
oedema (unresponsive to diuretics), and headache, 
nightmares, ataxia, confusion/agitation, drowsiness, 
constipation/diarrhoea, anorexia, xerostomia, and livedo 
reticularis (  5%). Less common side effects include 
psychosis, abnormal thinking, amnesia, slurred speech, 
hyperkinesia, epileptic seizures (rarely, and at higher 
doses), hypertension, urinary retention, decreased libido, 
dyspnoea, rash, and orthostatic hypotension (during 
chronic administration)  [28] .   

   MAO  -  B   i nhibitors 

  Mechanism of  a ction 
 Selegiline and rasagiline inhibit the action of monoamine 
oxidase isoenzyme type B (MAO - B). MAO - B inhibition 
prevents the breakdown of dopamine, producing greater 
dopamine availability. Mechanisms besides MAO - B 
inhibition may also contribute to the clinical effects  [43] . 
Unlike selegiline, rasagiline is not metabolized to amphet-
amine, and has no sympathomimetic activity.  

  Symptomatic  t reatment of 
 p arkinsonism ( m onotherapy) 
 Five of six studies with a typical follow - up period of 3 – 12 
months (Class I and II:  [6, 8, 10, 44 – 46] , and a meta -
 analysis  [47] , demonstrated a small symptomatic effect 
of selegiline monotherapy (Class I). 
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discolouration are the most frequently reported non -
 dopaminergic adverse reactions. 

 The combination with selective MAO - B inhibitors 
(selegiline) is allowed if the dose of MAO - B inhibitor 
does not exceed the recommended dose. 

 For tolcapone including safety see Part II.   

  Levodopa    

  ( a ) Standard  l evodopa  f ormulation 

  Mechanism of  a ction 
 Levodopa exerts its symptomatic benefi ts through con-
version to dopamine, and is routinely administered in 
combination with a decarboxylase inhibitor (bensera-
zide, carbidopa) to prevent its peripheral conversion to 
dopamine with the resultant nausea and vomiting. 
Levodopa passes the blood – brain barrier  –  in contrast to 
dopamine. Levodopa has a short half - life, which eventu-
ally results in short - duration responses with a wearing -
 off (end - of - dose) effect.   

  Symptomatic  t reatment of 
 p arkinsonism ( m onotherapy) 
 The effi cacy of levodopa is fi rmly established from more 
than 30 years of use in clinical practice  [28, 66] . A recent 
Class I trial confi rmed a dose - dependent signifi cant reduc-
tion in UPDRS scores with levodopa versus placebo  [15] . 

 In terms of symptomatic effects, levodopa proved to 
be better than the dopamine agonists. Levodopa was 
better than bromocriptine, at least during the fi rst year 
(Class II:  [21] ), and a Cochrane review found compara-
ble effects of bromocriptine and levodopa on impair-
ment and disability  [67] . Levodopa ’ s symptomatic effect 
also proved better than ropinirole (Class I:  [19] ), prami-
pexole (Class I:  [68] ), pergolide (Class I:  [20, 69] ; Class I: 
 [20] ), lisuride (Class III:  [70] ), and cabergoline (Class I: 
 [71] ). The results of these individual studies are con-
fi rmed by systematic reviews showing that levodopa 
monotherapy  –  in general  –  produced lower UPDRS 
scores than cabergoline, pramipexole, and ropinirole  [28, 
66] , and bromocriptine, lisuride, and pergolide  [66] . 

  Adjunctive  t herapy of  p arkinsonism 
 Supplementation of levodopa to other antiparkinsonian 
medications in stable PD is common clinical practice to 
improve symptomatic control (Class IV).  

discussed. Due to its stronger and longer action, tol-
capone is recommended to be taken three times a day. 
Tolcapone is not approved for use in early (uncompli-
cated) and non - fl uctuating PD patients (see Part II).  

  Symptomatic  t reatment of 
 p arkinsonism ( m onotherapy) 
 Not applicable (COMT inhibitors should always be given 
with levodopa).  

  Adjunctive  t herapy of  p arkinsonism 
 There are six published studies (Class I and II) where the 
issue of effi cacy in non - fl uctuating patients is addressed. 
Two of these tested tolcapone  [60, 61]  and the further 
two examined entacapone  [62, 63] . All trials showed a 
small benefi t in the control of the symptoms of parkin-
sonism, mostly refl ected in UPDRS part II (activities of 
daily living), but the results were not consistent across all 
endpoints. 

 In two recent trials, levodopa/cerbidopa/entacapone 
showed only borderline signifi cance when compared to 
levodopa/carbidopa alone in the UPDRS parts II and III 
in patients with no or minimal fl uctuations in the 
QUEST - AP study  [64] . In the FIRST STEP STUDY  [65] , 
a 39 - week, randomized, double - blind, multicentre study, 
the effi cacy, safety, and tolerability of levodopa/carbi-
dopa/entacapone (LCE, Stalevo ® ) was compared with 
levodopa/carbidopa (LC, Sinemet IR) in patients with 
early,  de novo  PD. A signifi cant difference was present in 
the combined UPDRS II and III, but not in the UPDRS 
part III between the two treatment arms (Class I:  [65] ).  

  Prevention of  m otor  c omplications 
 In addition the FIRST STEP study assessed as secondary 
endpoints the occurrence of motor fl uctuations and 
dyskinesias. When the initiation of treatment with 
levodopa/carbidopa/entacapone was compared to that 
with levodopa/carbidopa, no difference was found 
between the two treatment arms  [65] .  

  Symptomatic  t reatment of  n on -  m otor  p roblems 
 No studies available.  

  Safety 
 COMT inhibitors increase levodopa bioavailability, so 
they can increase the incidence of dopaminergic adverse 
reactions, including nausea, and cardiovascular and 
neuropsychiatric complications. Diarrhoea and urine 
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  ( b ) Controlled -  r elease ( CR ) 
 l evodopa  f ormulations 

  Mechanism of  a ction 
 Levodopa has a short half - life, which eventually results 
in short - duration responses with a wearing - off (end - of -
 dose) effect. Controlled - release (CR) formulations aim 
to prolong the effect of a single dose of levodopa, and 
reduce the number of daily doses.  

  Symptomatic  t reatment of 
 p arkinsonism ( m onotherapy) 
 Standard and CR levodopa maintain a similar level of 
control in  de novo  PD after 5 years (Class I:  [93] ), and 
also in more advanced PD with a duration of about 10 
years and without motor fl uctuations (Class I:  [94] ).  

  Prevention of  m otor  c omplications 
 CR levodopa has no signifi cant preventive effect on the 
incidence of motor fl uctuations or dyskinesia, as com-
pared with standard levodopa (Class I:  [93, 95, 96] .   

  ( c ) Intrajejunal  a pplication of Levodopa 
 Not applicable; only approved for very advanced PD 
patients.  

  Dopamine  a gonists 

  Mechanism of  a ction 
 Of the 10 dopamine agonists presently marketed for the 
treatment of PD, fi ve are ergot derivatives (bromocrip-
tine, cabergoline, dihydroergocryptine, lisuride, and per-
golide) and fi ve are non - ergot derivatives (apomorphine, 
piribedil, pramipexole, ropinirole, and rotigotine). 

 It is generally accepted that the shared D 2  - like receptor 
agonistic activity produces the symptomatic antipar-
kinsonian effect. This D 2  effect also explains peripheral 
(gastrointestinal  –  nausea and vomiting), cardiovascular 
(orthostatic hypotension), and neuropsychiatric (som-
nolence, psychosis, and hallucinations) side effects. In 
addition, dopamine agonists have other properties (e.g. 
anti - apoptotic effect) that have prompted their testing as 
putative neuroprotective agents. 

 Apart from apomorphine or rotigotine, which are used 
via the subcutaneous (penject and pumps) or transder-
mal (patch) routes respectively  [97, 98] , all dopamine 
agonists are used orally. A once - daily controlled - release 
formulation of ropinirole has recently became available 

  Prevention of  m otor  c omplications ( r isk  r eduction) 
 The prevention of motor complications (i.e. fl uctuations 
and dyskinesia) by levodopa seems contradictory because 
these complications are actually caused by levodopa. 
Usually, levodopa is started three times daily, which 
offers symptomatic control throughout the day, but after 
several months or years of chronic treatment, motor 
complications may arise (see safety section, below). 
However, by carefully shortening the dose interval to 
compensate for shortening of the duration of effect of 
each levodopa dose (wearing - off), and by reducing the 
dose of each levodopa intake to reduce the magnitude of 
the effect (peak dose dyskinesia), the clinical emergence 
of these motor problems may be postponed. 

 For a comment on non - disabling and disabling dyski-
nesia in studies with initial levodopa monotherapy versus 
initial dopamine agonist therapy, see below  ‘ Dopamine 
agonist, Prevention of motor complications ’ .   

  Symptomatic  t reatment of  n on -  m otor  p roblems 
 Whether or not levodopa improves mood in PD is a 
matter of debate  [72 – 74] , as is the infl uence of levodopa 
on cognition (reviews:  [75 – 77] ). Off - period psychiatric 
symptoms (anxiety, panic attacks, depression) and other 
non - motor symptoms (drenching sweats, pain, fatigue, 
and akathisia) may be alleviated by modifying the treat-
ment schedule of levodopa (Class IV:  [78 – 81] ). 

  Safety 
 Most studies in animal models and humans failed to 
show accelerated dopaminergic neuronal loss with long -
 term levodopa therapy at usual clinical doses (reviews: 
 [28, 82, 83] ). A meta - analysis reported no treatment -
 related deaths or life - threatening events  [66] . Peripheral 
side effects include gastrointestinal and cardiovascular 
dysfunction (reviews:  [28, 66, 80, 84, 85] ). 

 Central adverse effects include levodopa motor prob-
lems such as fl uctuations, dyskinesia, and dystonia, and 
psychiatric side effects such as confusion, hallucinations, 
and sleep disorders (reviews:  [66, 80, 84] . A meta - analysis 
found   40% likelihood of motor fl uctuations and dyski-
nesias after 4 – 6 years of levodopa therapy  [86] . Risk 
factors are younger age, longer disease duration, and 
levodopa  [15, 87 – 92] ; reviews:  [66, 80, 84] . In individual 
studies, the percentage of fl uctuations and dyskinesia 
may range from 10 to 60% of patients at 5 years, and 
up to 80 – 90% in later years  [66, 80] . Neuropsychiatric 
complications occur in less than 5% of  de novo  patients 
on levodopa monotherapy (reviews:  [66, 80] .   
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medication in early PD. Changes in UPDRS scores 
reported for most agonists are usually larger than those 
reported with MAO - B inhibitors, suggesting a greater 
symptomatic effect with the agonists.  

  Adjunctive  t herapy of  p arkinsonism 
  Agonists versus placebo    Based on Class I evidence, most 
agonists have been shown to be effective in improving 
the cardinal motor signs of parkinsonism in patients 
already treated with levodopa. This is true for apomor-
phine  [121] , bromocriptine  [122, 123] , cabergoline 
 [124] , pergolide  [125] , piribedil  [126] , pramipexole 
 [127 – 129] , and ropinirole  [130]  . The available evidence 
is less convincing (Class II) for dihydroergocryptine 
 [131]  and lisuride  [117] . 

  Agonists versus agonists    Several Class I and II studies have 
compared the symptomatic effect of two different dopa-
mine agonists on parkinsonism when given as adjunct to 
levodopa  –  with bromocriptine as the reference com-
parator. Such data cannot have a strong impact on clini-
cal practice because of methodological problems in the 
reported studies (cabergoline  [132] , lisuride  [133, 134] , 
pergolide  [120, 135 – 137] , pramipexole  [123] , piribedil 
 [138] , rotigotine  [139] , and ropinirole  [140] ). Switching 
from one agonist to another for reasons of effi cacy 
or safety is sometimes considered in clinical practice. 
Most of the available data are based on open - label 
Class IV trials with an overnight switch  [141 – 150] ). 
An empirical conversion chart of dose equivalence is 
usually proposed, with 10   mg bromocriptine        1   mg per-
golide        1   mg pramipexole        2   mg cabergoline        5   mg 
ropinirole. There is Class I evidence that ropinirole can 
be switched overnight at the same dose from immediate -  
to controlled - release formulation  [99] . 

  Agonists versus other antiparkinsonian medications    Bro-
mocriptine  [151]  and pergolide  [152]  have been com-
pared with the COMT inhibitor tolcapone (Class II), and 
no signifi cant difference was reported in terms of effi cacy 
on parkinsonian cardinal signs.  

  Prevention of  m otor  c omplications 
  Agonists versus levodopa  Class I randomized, controlled 
trials demonstrate how early use of an agonist can reduce 
the incidence of motor complications versus levodopa 
(cabergoline  [111, 153] , pramipexole  [113] , pergolide 
 [20] , and ropinirole ( [18a, 19] ). Similar conclusions were 

 [99] , while one such formulation for pramipexole is cur-
rently under development  [100] .  

  Symptomatic  t reatment of 
 p arkinsonism ( m onotherapy) 
  Agonists versus placebo    Dihydroergocryptine  [101] , per-
golide  [102] , pramipexole  [103] , ropinirole  [104] , piri-
bedil  [105] , and rotigotine  [106 – 108]  are effective in 
early PD (Class I). Bromocriptine and cabergoline are 
probably effective as monotherapy in early PD (Class II 
and III:  [71, 109 – 111] . Lisuride is possibly effective  [70]  
(Class IV). 

  Agonists versus levodopa    Levodopa is more effi cacious 
than any orally active dopamine agonist monotherapy 
(see section on levodopa). The proportion of patients 
able to remain on agonist monotherapy falls progres-
sively over time to   20% after 5 years of treatment (Class 
I: bromocriptine  [55, 110, 112] ), cabergoline  [111] , per-
golide  [20] , pramipexole  [113, 114] ), and ropinirole 
(   [18a, 115] ). For this reason, after a few years of treat-
ment, most patients who start on an agonist will receive 
levodopa as a replacement or adjunct treatment to keep 
control of motor Parkinsonian signs. Over the past 
decade, a commonly tested strategy has been to start with 
an agonist and to add levodopa later if worsening of 
symptoms cannot be controlled with the agonist alone. 
However, previously, it was common practice to combine 
an agonist like bromocriptine or lisuride with levodopa 
within the fi rst months of treatment ( ‘ early combination 
strategy ’ ) (Class II: bromocriptine  [116]  and lisuride 
 [117] ). There are no studies assessing whether one strat-
egy is better than the other. 

  Agonists versus agonists    From the limited data available 
(Class II: bromocriptine versus ropinirole  [118, 119] ; 
Class III: bromocriptine versus pergolide  [120] ), the 
clinical relevance of the reported difference between 
agonists, if any, remains questionable. On the other 
hand, ropinirole controlled - release was shown to be non -
 inferior to ropinirole immediate - release  [99] , while this 
was not demonstrated for rotigotine in comparison to 
ropinirole immediate release, possibly because of meth-
odological issues  [106]  (Class I evidence). 

  Agonists versus other antiparkinsonian medications    There 
are no published head - to - head comparisons between 
agonist monotherapy and any other antiparkinsonian 
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 The effect of dopamine agonists over Health - related 
Quality of Life (HRQuOL) has been explored in several 
clinical trials as secondary outcomes  [164] . Rotigotine 
improved HRQuOL versus placebo at 6 months in early 
PD  [107] . Pramipexole had a similar impact than 
levodopa on HRQuOL over 6 years of follow - up  [114, 
165, 166] . 

 There is no indication that symptoms such as anxiety, 
sleep disturbance, or pain are responsive to dopamine 
agonists. It is conceivable that such symptoms, if partly 
 ‘ dopa - responsive ’  and occurring or worsening during 
OFF episodes, might be improved by dopamine agonists, 
as with any dopaminergic medication, but no convincing 
data are available. Conversely, dysautonomic parkinso-
nian symptoms such as orthostatic hypotension can 
be aggravated by dopaminergic medication, including 
agonists, probably through sympatholytic mechanisms 
(see also the management recommendations section 
on neuropsychiatric complications and autonomic 
dysfunction in Part II of the guidelines).  

  Safety 
 Dopamine agonists and all other active dopamine -
 mimetic medications share a common safety profi le 
refl ecting dopamine stimulation. Accordingly, side effects 
such as nausea, vomiting, orthostatic hypotension, con-
fusion, psychosis, and somnolence may occur with 
administration of any of these agents. Peripheral leg 
oedema is also commonly observed with most agonists. 

 Hallucinations and somnolence are more frequent 
with some agonists than with levodopa, (Class I:  [167, 
168]  even in healthy subjects, in the case of somnolence 
 [169] . Similarly, leg oedemas appear to be more frequent 
on agonists than levodopa  [18a, 153, 165] ). Though 
there is no convincing evidence that any agonist is better 
tolerated than bromocriptine, a recent meta - analysis 
suggested that while frequencies of somnolence, halluci-
nation, or anxiety cases were higher with non - ergot DAs, 
incidence of vomiting, arterial hypotension, or depres-
sion was higher with ergots  [170] . The rare but severe 
risk of pleuropulmonary/retroperitoneal fi brosis is 
greater with ergot agonists than with non - ergot agonists. 
The same is true for valvular heart disorders  [171 – 173] ). 
As pergolide and cabergoline have been the most fre-
quently reported drugs at the present time, they are only 
used as a second - line alternative option, when other 
agonists have not provided an adequate response. If 

reported with bromocriptine (Class II:  [55, 110, 154] . 
Confl icting results have been reported with lisuride  [70, 
117] . The risk of dyskinesia reappears once levodopa is 
adjunct to initial agonist monotherapy. From that time-
point, the incidence of dyskinesia does not differ, after 
adjusting for disease duration and levodopa daily dose, 
among subjects initially randomized to levodopa or an 
agonist  [155, 156] . Long follow - up (6 – 15 years) of 
patients initially randomized early to an agonist (bro-
mocriptine, pramipexole, ropinirole) or levodopa are 
available  [112, 114, 115, 157] . 

 Overall, the risk of motor complications remains lower 
for those starting on an agonist, but the importance of 
this observation is controversial in such advanced cases 
because of: (1) methodological issues including high 
drop - out rate, (2) greater incidence of daytime somno-
lence, peripheral oedema, and psychiatric/behavioural 
changes on agonists (see below); and (3) greater impact 
of other symptoms than dyskinesia (falls, dementia) on 
patients ’  disability. 

 Finally it should be mentioned, that the frequency 
of disabling dyskinesias  –  as opposed to non - disabling 
dyskinesias  –  was found not to differ in the above listed 
Class I studies in early PD, which directly compared the 
effect of initial levodopa monotherapy versus initial 
dopamine agonist monotherapy on the latency to dyski-
nesia and the occurrence of dyskinesia over the course of 
2 – 6 years. 

  Agonists versus agonists    There is no available indication 
that one agonist might be more effi cacious than another 
in preventing or delaying  ‘ time to motor complications ’ . 
The only published Class II comparison (ropinirole 
versus bromocriptine:  [119]  did not show any difference 
in dyskinesia incidence at 3 years. 

  Agonists versus other antiparkinsonian medications    No 
studies available.  

  Symptomatic  t reatment of  n on -  m otor  p roblems 
 Dopamine agonists may improve depression, as indi-
cated by clinical trials conducted in non - parkinsonian 
subjects with major or bipolar depression pramipexole, 
which showed to be superior to placebo  [158, 159] . 
However, only uncontrolled or low - quality clinical trails 
of pergolide, pramipexole, and ropinirole have addressed 
this issue in PD patients  [160 – 163] . 
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early referral to physiotherapy services (GPP). The guide-
line also stresses that any physiotherapy interventions 
should be aimed at clear goals and outcomes, based 
on a thorough interview and physical assessment. Non -
 pharmacological management supports patients and 
their families in coping with the disability and in teaching 
them how to compensate for their motor and non - motor 
defi cits caused by PD. In the early to middle stages of 
PD, physiotherapy is aimed mainly at increasing levels 
of physical activity to preserve or improve physical 
capacity and physical functioning. This requires expert 
decisions and adapted exercise programmes to ensure 
that those aspects of physical capacity that best 
increase safety and independence in the later stages are 
targeted. 

 The weight of the evidence points at positive effects of 
exercise - based interventions, particularly on motor signs 
and gait (Class II). A recent meta - analysis recommends 
exercise therapy as an effective approach to enhance 
general physical functioning and quality of life in PD 
(Class II)  [179] . Evidence of effectiveness (Class II – III) 
has now emerged in the following areas. 
   •      There is evidence that cueing strategies improve the 
quality of gait and increase the confi dence to carry out 
functional activities (Class II)  [180] . Cueing does not 
increase the risk of falling. However, effects are not 
retained at 6 weeks follow - up without cues. Cued train-
ing is likely to improve gait during performance of a 
secondary motor task (Class III)  [181] .  
   •      Increases of muscle power can be achieved through 
resistance exercise (several Class III studies  [182] ).  
   •      Aerobic training with an appropriate duration (7 
weeks) and intensity (50 – 60% of maximum heart rate 
reserve) induces signifi cant changes in several cardiore-
spiratory measures of endurance (Class II)  [183] .  
   •      Treadmill training for patients with PD results in sus-
tained gains in gait speed (Class II)  [184, 197] . Alternative 
forms of exercise such as Tai Chi (Class II)  [185]  or 
Qijong (Class II)  [186]  have benefi cial effects on balance 
and gait measures, and Unifi ed Parkinson Disease Rating 
Scale scores.    
 Other disciplines may also be used in the non - 
pharmacological management of early stage PD. Similar 
to physiotherapy, early referral is felt to be useful for 
occupational therapy and speech - language therapy 
(Expert opinion), but this is not yet grounded in inter-
national guidelines (see also Part II).   

employed, regular monitoring of heart valves by ultra-
sound is mandatory. 

 Impulse - control disorders have recently been identi-
fi ed as a common adverse drug reaction to dopamine 
agonists. Prevalence ranges between 5 and 15% depend-
ing on the author  [174] . The principal risk factor is treat-
ment with dopamine agonists, although they can occur 
on levodopa as well  [174] . Personal traits, disturbed 
decision - making abilities, and younger age have also 
been implicated  [174, 175] . Comorbidities, cognitive 
impairment, disease severity, and polytherapy are some-
times also mentioned  [176] . Up to the present there is no 
evidence about between - agonists difference in the fre-
quency of these events.     

  Neurosurgical  m anagement of 
 e arly  s tage  PD  

 There are no studies available on deep brain stimulation 
or lesional neurosurgery in patients with uncomplicated 
PD before the appearance of motor complications.  

  Non -  p harmacological/
 n on -  n eurosurgical  m anagement 
of  e arly  s tage  PD  

 In addition to medical management, many patients with 
PD receive one or more forms of non - pharmacological 
treatment during the course of their disease. This includes 
a broad range of disciplines, among others rehabilitation 
specialists, allied health professionals (physiotherapy, 
occupational therapy, speech - language therapy), PD 
nurse specialists, social workers, and sex therapists. These 
disciplines can be engaged either as monotherapy, or 
as part of a team approach (interdisciplinary or multi-
disciplinary rehabilitation  [198] ). Non - pharmacological 
management can be engaged both as an adjunctive treat-
ment for symptoms that also respond to dopaminergic 
therapy and as the mainstay treatment for symptoms that 
are otherwise treatment - resistant. 

 Physiotherapy is the only allied health discipline 
that explicitly distinguishes the management of early -  
versus late - stage PD as documented in an evidence - based 
guideline  [177, 178] . The guideline recommends that 
standard medical care should be complemented with 
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 Recommendations 
  Early  u ntreated  p atients 
 The optimal time frame for onset of therapy has not been clearly defi ned. Once parkinsonian signs start to have an impact on the 
patient ’ s life, initiation of treatment is recommended. For each patient, the choice between the numerous effective drugs available 
is based on a subtle combination of subjective and objective factors. These factors include considerations related to the drug 
(effi cacy for symptomatic control of parkinsonism/prevention of motor complications, safety, practicality, costs, etc.), to the patient 
(symptoms, age, needs, expectations, experience, comorbidity, socioeconomic level, etc.), and to their environment (drug availability 
according to national markets in the European Union, variability in economic and health insurance systems, etc.). However, based 
on the available level of evidence alone, two main issues are usually considered when initiating a symptomatic therapy for early PD: 
the symptomatic control of parkinsonism, and the prevention of motor complications (see table  14.1 ).   

 Currently, there is no uniform proposal across Europe on initiating symptomatic medication for PD. 
 Options include starting treatment with: 

   •       MAO - B inhibitor , like selegiline or rasagiline (Level A). The symptomatic effect is more modest than that of levodopa and 
(probably) dopamine agonists, but they are easy to administer (one dose, once daily, no titration),and well tolerated (especially 
rasagiline)  

   •       amantadine or an anticholinergic  (Level B). The impact on symptoms is smaller than that of levodopa. Anticholinergics are poorly 
tolerated in the elderly and their use is mainly restricted to young patients  

   •       levodopa , the most effective symptomatic antiparkinsonian drug (Level A). After a few years of treatment, levodopa is frequently 
associated with the development of motor complications. As older patients are more sensitive to neuropsychiatric adverse 
reactions and are less prone to developing motor complications, the early use of levodopa is recommended in the older 
population (GPP). The early use of controlled - release levodopa formulations is not effective in the prevention of motor 
complications (Level A)  

   •      orally active dopamine agonist. Pramipexole, piribedil, and ropinirole immediate -  or controlled - release are effective as 
monotherapy in early PD (Level A), with a lower risk of motor complications than levodopa for pramipexole or ropinirole (Level 
A). Older drugs like bromocriptine are supported by lower class evidence, giving a Level B recommendation. However, there is no 
convincing evidence that they are less effective in managing patients with early PD. The benefi t of agonists in preventing motor 
complications (Level A, with data up to 5 years only) must be balanced with the smaller effect on symptoms and the greater 
incidence of hallucinations, impulse - control disorders, somnolence, and leg oedema, as compared with levodopa. Patients must 
be informed of these risks, e.g. excessive daytime somnolence is especially relevant to drivers. Younger patients are more prone 
to developing levodopa - induced motor complications, and therefore initial treatment with an agonist can be recommended in 
this population (GPP). Ergot derivatives such as pergolide, bromocriptine, and cabergoline are not recommended as fi rst - line 
medication because of the risk of fi brotic reactions. Rotigotine is administered transdermally using a patch and ropinirole CR 
once daily orally, as opposed to the other agonists that are administered orally three times a day. Subcutaneous apomorphine is 
not appropriate at this stage of the disease. The early combination of low doses of a dopamine agonist with low doses of 
levodopa is another option, although the benefi ts of such a combination have not been properly documented  

   •       rehabilitation . Due to the lack of evidence of the effi cacy of physical therapy and speech therapy in the early stage of the 
disease, a recommendation cannot be made.     

  Adjustment of  i nitial  m onotherapy in 
 p atients  w ithout  m otor  c omplications 
  Patients  n ot on  d opaminergic  t herapy 
 If a patient has started on an MAO - B inhibitor, anticho-
linergic, amantadine, or a combination of these drugs, a 
stage will come when, because of worsening motor symp-
toms, there is a requirement for: 
   •       addition of levodopa or a dopamine agonist  (GPP). Just 
like in  de novo  patients, at this stage, the choice between 
levodopa and an agonist again mainly depends on the 
impact of improving motor disability (better with 

levodopa) compared with the risk of motor complica-
tions (less with agonists in the fi rst 3 – 5 years) and neu-
ropsychiatric complications (greater with agonists). In 
addition, there is the effect of age on the occurrence of 
motor complications (more frequent in younger patients) 
and neuropsychiatric/behavioural complications (more 
frequent in older and cognitively impaired patients). In 
general, dopaminergic therapy may/could be started with 
agonists in younger patients, whereas levodopa may be 
preferred in older patients (GPP, see previous section) 
and in multimorbid patients of any age.     
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  Patients on  d opaminergic  t herapy 
 Once receiving therapy with a dopamine agonist or 
levodopa, adjustments of these drugs will also become 

 Recommendations 
    If on dopamine agonist therapy: 

   •       increase the dopamine agonist dose  (GPP). However, 
even when the dopamine agonist dose is increased 
over time, it cannot control parkinsonian symptoms 
for more than about 3 – 5 years of follow - up in most 
patients  

   •       switch between dopamine agonists  (Level C)  

   •       add levodopa  (GPP).    

  Table 14.1    Recommendations for the treatment of early  PD . 

   Therapeutic interventions     Recommendation level  

   Symptomatic control of parkinsonism     Prevention of motor complications  

  Levodopa    effective (Level A)    not applicable  
  Levodopa CR    effective (Level A)    ineffective (Level A)  
  Apomorphine    not used  a      not used  a    
  Bromocriptine  b      effective (Level B)    effective (Level B)  
  Cabergoline  b      effective (Level B)    effective (Level A)  
  Dihydroergocryptine  b      effective (Level A)    no recommendation  c    
  Lisuride  b      effective (Level B)    effective (Level C)  
  Pergolide  b      effective (Level A)    effective (Level B)  
  Piribedil    effective (Level C)    no recommendation  c    
  Pramipexole    effective (Level A)    effective (Level A)  
  Pramipexole CR  e      not available    not available  
  Ropinirole    effective (Level A)    effective (Level A)  
  Ropinirole CR  e      effective (Level A)    no recommendation  c    
  Rotigotine  f      effective (Level A)    no recommendation  c    
  Selegiline    effective (Level A)    ineffective (Level A)  
  Rasagiline    effective (Level A)    no recommendation  c    
  Entacapone  d      no recommendation  c      no recommendation  c    
  Tolcapone  d      no recommendation  c      no recommendation  c    
  Amantadine    effective (Level B)    no recommendation  c    
  Anticholinergics    effective (Level B)    no recommendation  c    
  Rehabilitation    no recommendation  c      no recommendation  c    
  Surgery    not used    not used  

    a Subcutaneous apomorphine is not used in early PD.  
   b Pergolide, bromocriptine, cabergoline and, precautionarily, other ergot derivates, cannot be recommended as a fi rst - line treatment for 
early PD because of the risk of valvular heart disorder  [187, 188] .  
   c No recommendation can be made due to insuffi cient data.  
   d As COMT inhibitors, entacapone and tolcapone should always be given with levodopa. Due to hepatic toxicity, tolcapone is not 
recommended in early PD.  
   e Controlled - release.  
   f Transdermal patch delivery system.   

necessary over time because of worsening motor 
symptoms.    

 If on levodopa: 

   •       increase the levodopa dose  (GPP)  

   •       add a dopamine agonist  (GPP), although the effi cacy of 
adding an agonist has been insuffi ciently evaluated  

   •       add a COMT - inhibitor  to levodopa at the transition of a 
non - fl uctuating to a fl uctuating status, i.e. if motor 
fl uctuations evolve (GPP)  –  preferably in older patients and 
multimorbid patients of any age.     
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  Patients with  p ersistent, or  e merging 
 d isabling,  t remor 
 If a signifi cant tremor persists despite usual therapy with 
dopaminergic agents or amantadine, the following treat-
ment options exist for tremor at rest.     

 Recommendations 
        •       Anticholinergics  (GPP: possibly useful, although no full 

consensus could be made). Cave: anticholinergic side 
effects, particularly cognitive dysfunction in older patients 
(see section on anticholinergics).  

   •       Clozapine  (Level B:  [189 – 191]) . Due to safety concerns 
(see Part II of the guidelines on the treatment of 
psychosis), clozapine is not advised for routine use, but it 
is considered as an experimental approach for 
exceptionally disabled patients requiring specialised 
monitoring (GPP).  

   •       Beta - blockers (propanolol) . Beta - blockers can be effective 
in both resting and postural tremor (Level C:  [192 – 195] ). 
However, due to methodological problems, a Cochrane 
review found it impossible to determine whether 
beta - blocker therapy is effective for tremor in PD  [196] . 
Further studies are needed to judge the effi cacy of 
beta - blockers in the treatment of tremor in PD (no 
recommendation can be made).  

   •       Consider deep brain stimulation . Usually subthalamic 
nucleus stimulation, rarely thalamic stimulation (GPP, see 
Part II of the guidelines).     
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depression, anxiety, akathisia, unpleasant sensations, and 
excessive sweating. Besides fl uctuations, dyskinesias may 
occur, which are involuntary movements in response to 
levodopa and/or dopamine agonist intake. Most dyski-
nesias emerge at peak - dose levels and are typically cho-
reatic, but may involve dystonia or  –  rarely  –  myoclonus. 
A minority of patients may experience diphasic dyskine-
sia, in which they exhibit dyskinesia at the beginning of 
turning ON and/or at the beginning of turning OFF, but 
have different and less severe or absent dyskinesias at the 
time of peak levodopa effect. Eventually, patients may 
begin to experience rapid and unpredictable fl uctuations 
between ON and OFF periods, known as the ON – OFF 
phenomenon. 

 The diagnosis and therapeutic management of motor 
complications depends on detecting the type of move-
ment involved and the time of day when they occur in 
relation to the timing of levodopa and the resulting 
ON – OFF cycle. Diaries may be helpful in assessing this 
course over time. It must be noted that many patients 
prefer being ON with dyskinesia rather than OFF without 
dyskinesia. 

  Pharmacological  i nterventions 
 Mechanisms of action: if not mentioned, see Part I of the 
guidelines. 
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   Methods 

 For background, search strategy, and method for reach-
ing consensus, see Part I of these guidelines (Chapter  14 ). 

 Patients with advanced Parkinson ’ s disease (PD) may 
suffer from any combination of motor and non - motor 
problems. Doctors and patients must make choices and 
decide which therapeutic strategies should prevail for 
each particular instance.  

  Interventions for the  s ymptomatic 
 c ontrol of  m otor  c omplications 

 Motor complications are divided into motor fl uctuations 
and dyskinesia. With advancing PD, patients may begin 
to fl uctuate in motor performance, i.e. they experience a 
wearing - off (end - of - dose) effect because the motor 
improvement after a dose of levodopa becomes reduced 
in duration and Parkinsonism reappears. However, 
wearing - off can also manifest in symptoms such as 
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dyskinesia in one study  [13] , whereas it had no signifi cant 
impact in another  [14] . The reason for this difference 
remains unknown, since levodopa dose adjustment was 
allowed equally in both trials.  

   COMT   i nhibitors 
 Due to their mechanism of action, COMT inhibitors 
should always be given with levodopa. 

 With entacapone the overall conclusion from four 
studies was a reduction in OFF time of 41   min/day (95% 
CI: 13   min, 1   h 8   min) as compared with placebo (Class 
I:  [16] ). Entacapone reduces mean daily OFF time in 
levodopa - treated patients by a similar extent to rasagiline 
(Class I:  [14] ). Entacapone also demonstrated long - term 
effi cacy as shown in the meta - analysis of Class I studies 
and their open - label extensions  [17]  and was effi cacious 
in terms of activities of daily living (ADL) in fl uctuating 
patients (Class I:  [18] ). In the trials cited above, dyskine-
sias were more frequent with entacapone adjunct therapy 
than with placebo. In the majority of the trials, enta-
capone produced an improvement in Unifi ed PD Rating 
Scale (UPDRS) motor scores. 

 Class I studies with tolcapone demonstrated that it was 
effi cacious in reducing OFF time  [19 – 22] . The effect size 
of tolcapone and dopamine agonists (bromocriptine, 
pergolide) may be similar (Class II:  [23 – 25] ), but these 
studies lacked the power to be fully conclusive  [26] . 

 In a double - blind  ‘ switch study ’  PD patients with 
motor fl uctuations on optimized  ‘ levodopa plus enta-
capone therapy ’  were switched to  ‘ levodopa plus tol-
capone ’ . There was a tendency of tolcapone to offer 
enhanced effi cacy, especially in PD patients with marked 
fl uctuations  [27] .  

  Safety issue of tolcapone 
 Tolcapone rarely can elevate liver transaminases, and few 
fatal cases of liver injury have been reported. The Euro-
pean Agency for the Evaluation of Medicinal Products 
(EMEA) lifted the suspension of tolcapone for use in 
patients with motor fl uctuations on levodopa who fail to 
respond to other COMT inhibitors, but imposed strict 
safety restrictions [26a]. Tolcapone can only be pre-
scribed by physicians experienced in the management of 
advanced PD, with a recommended daily dose of 100   mg 
three times daily. Patients must have fortnightly blood 
tests for liver function in the fi rst year, at four - weekly 
intervals for the next 6 months and, subsequently, every 
8 weeks. Patients with abnormal liver function or a 

  Amantadine 
 Using patient diaries, one study found that oral amanta-
dine signifi cantly decreased the duration of daily OFF 
time (Class I:  [1] ;), whereas a second study found no 
signifi cant differences in ON or OFF duration (Class I: 
 [2] , oral amantadine). 

 In patients on chronic levodopa, oral amantadine 
signifi cantly reduced the dyskinetic effect of an orally 
administered acute levodopa/decarboxylase inhibitor 
challenge of 1.5 times their usual dose (Class I:  [3] . Similar 
results were found by Luginger  et al .  [2]  (Class I). During 
3 weeks of stable oral amantadine, levodopa - dyskinesia 
was reduced by 60%, with a similar effect observed under 
long - term oral amantadine therapy at 1 - year follow - up 
 [4] . According to another study (Class I:  [5]  the 
antidyskinetic effect of oral amantadine may only last for 
3 – 8 months, although several subjects experienced a 
rebound in dyskinesia severity after discontinuation. 

 Intravenous infusion of amantadine was employed 
for the treatment of levodopa - induced dyskinesias in 
one double - blind placebo - controlled  [6]  and two open -
 label trials  [7] ,  [8] . When in the later study amantadine 
was intravenously infused continuously for 3 days to 
bridge an oral levodopa 3 days withdrawal ( ‘ levodopa 
drug holidays ’ ), a signifi cant improvement of motor 
complications (motor fl uctuations and dyskinesias) was 
observed for up to 4 months under reinstalled oral 
levodopa treatment without concomitant oral or i.v. 
amantadine.  

   MAO  -  B   i nhibitors 
 Short - duration studies (  3 months) showed no consis-
tent effect of selegiline in the reduction of OFF time, 
although an improvement in PD symptoms was observed 
(Class I and II:  [9 – 11] ). Zydis selegiline, which dissolves 
on contact with saliva, reduces daily OFF time when used 
as adjunctive therapy with levodopa (Class I:  [12] ). 

 Rasagiline produced a signifi cant reduction in OFF 
time in patients on levodopa (Class I: rasagiline 1   mg, 
  0.94   h/day  [13]  and rasagiline 1   mg,   0.78   h/day  [14] ). 
In the latter study, rasagiline achieved a similar magni-
tude of effect to the active comparator, entacapone, 
which reduced OFF time by 0.80   h/day (Class I:  [14] ). 

 Selegiline might increase or provoke dyskinesia in 
levodopa - treated patients, but this was not the primary 
outcome measure in the studies referred to (Class I:  [9, 
15] ). Golbe  et al . noted that dyskinesia lessened after 
levodopa was reduced (Class I:  [11] ). Rasagiline increased 
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A 4 weeks, double - blind, double - dummy study compar-
ing levodopa methylester/carbidopa (melevodopa) with 
standard levodopa/carbidopa for the treatment of 
the afternoon OFF periods showed that melevodopa 
induced a faster ON than standard levodopa/carbidopa 
(Class II:  [35] ). Melevodopa had a similar safety profi le 
to standard levodopa/carbidopa. A large double - blind 
study on 327 fl uctuating patients demonstrated that eti-
levodopa/carbidopa, another form of soluble levodopa, 
did not differ from standard levodopa/carbidopa in 
total daily time to ON after levodopa dosing, in redu-
cing response failures, or in decreasing total off time 
(Class I:  [36] ). 

 Continuous duodenal infusions of levodopa/carbi-
dopa resulted in statistically signifi cant increases in 
ON time (Class III:  [37] ). Continuous intrajejunal 
infusion of levodopa/carbidopa enteral gel resulted in a 
signifi cant improvement in motor function during ON 
time, accompanied by a signifi cant decrease in OFF 
time, and no increase, or even a decrease, in dyskinesia. 
Median total UPDRS score also decreased (short - term, 
single randomised comparison to oral levodopa, Class 
III:  [38] ). Open - label trials have confi rmed the benefi -
cial effect of this therapy in very advanced PD patients 
in respect to reduced OFF time and  –  after several 
months  –  decreasing dyskinesia, but also have detailed 
the technical problems encountered in its long - term use 
in a substantial number of patients (Class III:  [39] ;  [40] ; 
 [41] ).  

  Dopamine  a gonists 
 Several dopamine agonists have been shown to reduce 
the duration of OFF episodes. There is Class I evidence 
for pergolide  [42] , pramipexole  [43, 44] , ropinirole  [45, 
46] , ropinirole controlled - release  [47] , rotigotine trans-
dermal patch  [48, 49] , and for apomorphine as intermit-
tent subcutaneous injection (Class I:  [50, 51] ) or 
continuous infusion (Class IV:  [52 – 54] . There is Class II 
evidence for bromocriptine  [43, 55, 56]  and cabergoline 
 [57] , and Class IV evidence for other agonists such as 
lisuride or piribedil ( [28] ). 

 The available comparative Class II – III trials showed no 
major differences between bromocriptine and other ago-
nists such as cabergoline  [58] , lisuride  [59] , pergolide 
 [60] , and pramipexole  [43] . The same was true when 
comparing bromocriptine  [24]  and pergolide  [25] , to the 
COMT inhibitor tolcapone (Class II), or cabergoline to 
entacapone (Class I:  [61] ). 

history of neuroleptic malignant syndrome, rhabdomy-
olysis or hyperthermia have to be excluded. 

 For adverse events and further safety issues of COMT -
 inhibitors see Part I.�  

 Levodopa 
 Immediate release (standard) levodopa is the most 
important component of pharmacotherapy in advanced 
PD. Based on its short half - life, dosing schedules may 
consist of up to eight, or even more, individual doses 
with additional dosing of immediate -  or slow - release 
levodopa. The action of levodopa can be prolonged and 
enhanced when combined with a COMT - inhibitor and/
or MAO - B - inhibitor. Due to its lower  –  compared with 
dopamine agonists  –  potency to induce hallucinations, 
levodopa is the drug of choice in advanced PD patients 
with cognitive impairment and dementia (see  ‘ Non -
 motor problems, Dementia ’  section ). 

 It is common practice to reduce the size of individual 
doses of levodopa in cases of peak - dose dyskinesia, 
whereas the dose interval is shortened in wearing - off 
( [28, 29] ). 

 To reduce the occurrence of delayed ON, no ON, 
or reduced symptomatic effect due to gastrointestinal 
absorption failure, methods are being developed to 
improve levodopa absorption. Fluctuations and wearing -
 off could be reduced by methods providing more con-
stant gastrointestinal delivery (reviews:  [28, 30] ).  

  ( a ) Controlled -  r elease ( CR ) 
 l evodopa  f ormulations 
 Controlled - release (CR) levodopa has been shown to 
have a signifi cant benefi cial effect on daily ON time in 
a minority of studies, but the improvement is often 
only minor and transient. No Class I study shows long -
 lasting (  6 months) daily improvement of   1   h ON, or a 
reduction in hours with dyskinesia as measured by 
diaries, although some studies found an improvement 
using 1 – 4 ratings similar to the UPDRS - Complications 
scale  [28, 31 – 33] . Levodopa CR is preferably adminis-
tered at bedtime or during the night to ease nocturnal 
akinesia (GPP).  

  ( b ) Alternative  l evodopa  f ormulations and 
 d elivery  r outes 
 In fl uctuating PD, oral dispersible levodopa/benserazide 
signifi cantly shortened time to peak plasma levels 
compared with the standard formulation (Class III:  [34] . 
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fi cient studies to allow a conclusion on the safety of the 
technique. 

  Adjunctive  t herapy of  p arkinsonism 
 Unilateral pallidotomy has been tested in prospective 
studies with control groups receiving best medical treat-
ment or subthalamic nucleus (STN) stimulation (Class II: 
 [69 – 72] ) and was found to be effi cacious for the treatment 
of PD. According to one study (Class I:  [73] ) parkinsonian 
motor signs are more improved after 1 year with bilateral 
STN stimulation than with unilateral pallidotomy.  

  Symptomatic  c ontrol of  m otor  c omplications 
 The improvement of dyskinesia on the body side contra-
lateral to pallidotomy is usually 50 – 80% (Class III:  [69, 
72, 74 – 78] ).  

  Safety 
 Side effects with unilateral pallidotomy are generally 
limited, but the potential for severe complications due to 
haemorrhage or peri - operative complications is common 
to all stereotactic procedures. Symptomatic infarction 
was found in 3.9% of patients, and the mortality rate was 
1.2%. Speech problems were found in 11.1% of patients 
and facial paresis in 8.4% (reviews:  [70, 75] ). Neuropsy-
chological functioning is usually unaffected  [79, 80] , but 
frontal lobe functions and depression may show a modest 
deterioration (Class III:  [81, 82] ). Visual fi eld defects were 
common in earlier series, but have decreased to   5% with 
modifi cation of the surgical technique  [83] .   

  Deep  b rain  s timulation ( DBS ) 
 Stimulation of the STN (reviews:  [29, 84 – 87] ; Class II: 
 [88] ) has become the most frequently applied surgical 
procedure for PD (at least in Europe), because treating 
neurologists and neurosurgeons consider it more effi -
cient than pallidal stimulation. However, this is not sci-
entifi cally proven. Deep brain stimulation of the STN has 
been found to be superior to medical treatment in 
patients with advanced disease and motor fl uctuations 
which can no longer be suffi ciently treated medically in 
a large randomized study (Class II:  [88] ). STN - stimula-
tion showed an improvement of 24% of quality of life, 
an improvement of motor fl uctuations, and a 41% 
improvement of the motor score. In comparisons of 
STN -  or GPi - DBS versus best medical treatment, DBS 
was found to be equally superior to medical treatment 

 When levodopa - treated patients with advanced PD 
receive an agonist to reduce OFF episodes, dyskinesia 
may occur or, if already present, worsen. In clinical prac-
tice, when an agonist is given as adjunct in patients with 
dyskinesias, the levodopa dose is usually reduced to min-
imize this problem. 

 Dopamine agonists can deliver more continuous 
dopamine stimulation than levodopa, due to their longer 
plasma elimination half - life and receptor occupancy. 
Therefore, high doses of dopamine agonists might allow 
a reduction in levodopa daily dose and, consequently, 
lessen the duration and severity of levodopa - induced 
dyskinesias. There are only a few open - label reports to 
support this practice (Class IV), involving small cohorts 
of patients with continuous subcutaneous infusions of 
apomorphine  [53, 62 – 64]  or oral administration of high 
doses of pergolide  [65]  or ropinirole  [66] . 

 The continuous subcutaneous infusion of apomor-
phine and the intrajejunal infusion of levodopa are  –  as 
is deep brain stimulation  –  expensive and, to a different 
degree, invasive therapeutical options. Studies on a direct 
comparison on the effi cacy and safety of apomorphine 
infusion, levodopa infusion, and deep brain stimulation 
are lacking. 

 For use of dopamine agonists in PD patients with 
dementia, see  ‘ Non - motor problems, Dementia ’  section.   

  Functional  n eurosurgery 
 Pallidotomy and deep brain stimulation (DBS) are dis-
cussed in detail here, as they are the only surgical treat-
ments frequently used to treat PD symptoms. Other 
treatments are covered only briefl y and the reader is 
referred to special reviews  [67] . 

 All surgical interventions for PD involve lesioning or 
stimulating nuclei or fi bre connections of the basal 
ganglia loops (direct or indirect loop)  [68] . Lesioning of 
these nuclei destroys the circuit, and continuous electri-
cal stimulation is likely to reversibly block the neuronal 
activity in the loop. 

 In general the level I - evidence defi nition of the EFNS 
with blinded outcome assessments is diffi cult to achieve 
for surgical studies as blinding of the investigators remains 
often a fi ction. Therefore, randomisation and adequate 
power of the studies are more imporant criteria. 

  Pallidotomy 
 This section focuses on unilateral pallidotomy. Bilateral 
pallidotomy is only rarely performed and there are insuf-
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  Stimulation of the  s ubthalamic  n ucleus ( STN ) 
  Adjunctive therapy of parkinsonism    In two large random-
ized trials of DBS versus medical treatment, the UPDRS -
 Motor score improved by 54% for STN stimulation  [88]  
and 28% for STN -  or GPi - stimulation  [89] , thereby con-
fi rming ealier uncontrolled data  [93] . This is consistent 
with a meta - analysis of 20 studies, showing an average 
improvement of 53%  [84] . Smaller controlled studies 
found similar results  [72, 100, 101] . At the same time, 
the levodopa equivalence dosage could be reduced by 
50 – 60%. UPDRS - Motor scores during stimulation were 
still improved by 54% after 5 years, although slightly 
deteriorated compared with 1 year after the operation 
(Class III:  [90, 102] ). 

 Quality of life is signifi cantly better in patients under-
going DBS than medical treatment in advanced stages of 
the disease  [89, 103] . 

  Symptomatic control of motor complications    Two Class I 
studies found an improvement of dyskinesias by 54% 
and likewise OFF - time improved from 6.2 to 2   h or 5.7 
to 3.4   h respectively versus no change compared with the 
medically treated group  [88, 89] . Similar results were 
obtained in uncontrolled studies  [93] . Dyskinesias have 
been reduced by 54 – 75%  [88, 89, 93, 104] . 

 Two open randomized controlled studies (Class I and 
II:  [88, 89] ) have shown the superiority of STN stimula-
tion over medical treatment for parkinsonian motor 
scores OFF medication. The UPDRS OFF - score was 
reduced by 41% or 35 %. OFF time and time in trouble-
some dyskinesia was reduced and sleep and ON time 
without troublesome dyskinesia was increased with STN 
stimulation after 6 months. Dyskinesia was still improved 
after 5 years (Class III:  [90, 102] ). Thus, STN stimulation 
is as effective in reducing dyskinesia as pallidotomy or 
pallidal stimulation. 

 A pilot study in 20 patients with earlier disease (mean 
disease duration 7 years) comparing STN - DBS and best 
medical treatment showed similar results as in the two 
large randomized studies  [105] . 

  Symptomatic control of non - motor problems    Depression 
and anxiety scores improve at 6 and 12 months after the 
operation in a controlled study against medical treatment 
 [106]  as well as in open studies  [90, 107 – 110] . However, 
verbal fl uency and the Stroop test were found to be sig-
nifi cantly worse in the DBS group versus the medically 
treated group  [106] . See also safety section, below. 

(Class I:  [89] ). Both large studies compared 6 months ’  
data. Data on long - term outcome show a slow deteriora-
tion of axial and akinesia scores with stable improvement 
of tremor and rigidity  [90] . One small study found 
only a non - signifi cant trend towards better effi cacy of 
stimulation of STN over GPi. The trial was, however, 
underpowered  [91] . Manual dexterity was equivalently 
improved by GPi and STN stimulation in a subgroup 
of patients of a prospective randomized trial  [92] . The 
question wether STN or GPi - stimulation is superior is 
still open. 

  Stimulation of the  p osteroventral  p allidum 
  Adjunctive therapy of parkinsonism  Pallidal DBS may 
improve the symptoms of advanced PD, as assessed by 
the UPDRS - Motor score, by 33% for study periods of 
up to 6 and 12 months (Class II:  [93] ). Over time, dete-
rioration occurs in some patients who are subsequently 
successfully reoperated on, with implantation of elec-
trodes into the STN (Class III:  [84] ). 

  Symptomatic control of motor complications    One of the 
most consistent effects of DBS on the pallidum is reduc-
tion of dyskinesias and of OFF time. In Class II and III 
studies, the reduction in OFF time was 35 – 60% ( [84, 
93] ). The few long - term observations available show no 
loss of effect on dyskinesias  [86] . 

  Symptomatic control of non - motor problems    Under stim-
ulation, there is a mild but signifi cant improvement in 
mood  [94] , but the symptomatic control of non - motor 
complications has not been primarily studied. 

  Safety    The general surgical risks for pallidal stimulation 
are the same as for STN DBS (see next section). However, 
stimulation - specifi c side effects are less frequent. The 
incidence and severity of the neuropsychological and 
psychiatric effects of this technique are understudied  [84, 
95 – 98] . A randomized comparison between stimulation 
of the GPi or the STN showed similar mild reductions in 
neuropsychological test performance for both targets, 
mainly for verbal fl uency and working memory after uni-
lateral and bilateral sti mulation  [99] . A review found 
neuropsychiatric complications in 2.7% of patients, 
speech and swallowing disturbances in 2.6%, sensory dis-
turbances in 0.9%, and oculomotor disturbances in 1.8% 
of patients  [86] .  
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  Surgical  t reatments that  a re  n ow 
 r arely  u sed in the  t reatment of  PD  

  Thalamotomy 
 Thalamotomy has been performed for many years in 
patients with tremor insuffi ciently controlled by oral 
medications. It improves tremor, and rigidity is also 
reduced in 70% of patients, but it has no consistent effect 
on akinesia (Class IV:  [124] ). Unilateral thalamotomy, as 
assessed in historical case series, has a permanent morbid-
ity rate of 4 – 47%, and bilateral thalamotomy is associated 
with a 30% chance of developing serious dysarthria  [125] .  

  Stimulation of the  t halamus 
 Stimulation of the thalamus is frequently used for the 
treatment of tremors, especially essential tremor  [126, 
127]  and, unlike thalamotomy, can be relatively safely 
applied bilaterally. Stimulation of the thalamus improves 
tremor (and rigidity) in PD, but not akinesia  [127, 128] , 
and is therefore rarely employed. Thalamotomy and stim-
ulation of the thalamus were found to be equally effi cient 
after 6 months, but DBS had fewer side effects (Class I: 
 [129] ). An open - label 5 - year follow - up suggests that tha-
lamic stimulation may be preferable over unilateral thala-
motomy to improve functional abilities (Class III:  [130] ).  

  Lesioning of the  s ubthalamic  n ucleus 
 Lesioning of the STN has only been used in experimental 
protocols in small patient series with a high incidence of 
persistent dyskinesias after surgery (Class III:  [131, 132] ). 
Therefore, presently, this technique is not recommended 
if STN DBS is an available option.  

  Fetal  m esencephalic  g rafts 
 Two Class I studies found that the symptoms of parkin-
sonism were not improved by fetal mesencephalic grafts, 
and some patients developed serious dyskinesias  [133, 
134] . However, in the study by Freed  et al ., the younger 
group, but not the older, showed an improvement of 
UPDRS - Motor OFF scores of 34%, and of Schwab and 
England OFF scores of 31%, while sham surgery patients 
did not improve. Subsequent analysis showed that it was 
not patient age, but the preoperative response to levodopa 
that predicted the magnitude of neurological change 
after transplant. Some patients in open studies (Class IV) 
have also shown major improvement  [135 – 137] . There-
fore, although transplantation of mesencephalic cells has, 
at the moment, to be considered ineffective as routine 

Disease - related quality of life was the primary or second-
ary outcome in large studies on advanced complicated 
PD over 6 months (Class I:  [88, 89] ) and in a small pilot 
trial on early complicated PD over 18 months (Class I: 
 [105] ). In all these studies quality of life was improved 
by 20 – 24% by stimulation and remained unchanged in 
the medical control group. 

  Safety    In general, reviews  [29, 104]  and those studies 
referred to below, show that adverse effects of DBS may 
occur in about 50% of patients, but are permanent only 
in about 20%. However, the severity of adverse events 
seldom warrants suspension of DBS. The occurrence of 
adverse effects related to the procedure, i.e. acute confu-
sion, intracerebral bleeding, stroke, and seizures, or to 
device dysfunction, i.e. infection or stimulator reposi-
tioning, causing permanent severe morbidity or death, 
reaches up to about 4% (review:  [104] ). In a large obser-
vational study of more than 1,100 patients the mortality 
was found to be 0.4% and the permanent morbidity was 
1%  [111] . The major risk factor is age. 

 However, most adverse effects are related to the treat-
ment (either stimulatory or stimulatory in combination 
with pharmacological). Neuropsychological tests were 
not worsened or showed only slight deterioration in 
various areas of cognition particularly verbal fl uency and 
stroop test  [80, 106, 108, 112 – 119] . Older patients or 
patients with moderate cognitive impairment prior 
to surgery may be at greater risk of cognitive deteriora-
tion  [97, 114 – 116, 120] . Apathy, hypomania, psychosis, 
depression, anxiety, and emotional lability occur in up to 
10% of patients  [84, 90, 118, 121, 122] , although many 
of these might instead be caused by a reduction in dopa-
minergic therapy. 

 Suicide has been reported in 0.45%, and suicide 
attempts in 0.9% of patients with STN stimulation. The 
risk of suicide is over 15 - fold increased in the fi rst post-
operative year after STN surgery and tapers down to the 
risk in the general population within 3 years  [123] . 
Weight gain is reported in 13% of patients, speech and 
swallowing disturbances in 7.1%, sensory disturbances in 
0.4%, and oculomotor disturbances (apraxia of eyelid 
opening) in 1.5%  [103] . However, a number of these 
stimulation - associated side effects can be corrected. Gait 
disorder, speech and swallowing diffi culties, and disequi-
librium are probably not related to the stimulation itself 
 [90, 122] , but could in part result from disease progres-
sion or a reduction in levodopa dose.    
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 falls (Class II:  [146] ) and possibly the risk of actual falls 
(some Class III studies, in a systematic review  [144] ).    
 Three reviews found insuffi cient evidence for the effi cacy 
of speech and language therapy for dysarthria  [147 – 149] . 
Lee Silverman Voice Therapy (LSVT) improves vocal 
intensity and phonation (Class II:  [150 – 152] ). The Pitch 
Limiting Voice Treatment (PLVT) produces the same 
increase in loudness, but limits an increase in vocal pitch 
and prevents a strained voicing (Class IV)  [153] . No 
scientifi c evidence supports or refutes the effi cacy of 
non - pharmacological swallowing therapy for dysphagia 
in PD  [154, 155] . 
 One Cochrane review concluded that there is insuffi -
cient evidence to support or refute the effi cacy of occu-
pational therapy for PD, in light of the substantial 
methodological drawbacks in the studies, the small 
number of patients examined, and the possibility of 
publication bias  [156] . 

 Clinical experience suggests that PD nurse specialists 
are benefi cial for patients with PD, for example by pro-
viding information to patients and their families, or 
by acting as a liaison within a multidisciplinary team, 
or by enabling the application of complex treatments 
such as apomorphine, intrajejunal levodopa - carbidopa, 
and DBS. However, a systematic review did not support 
the clinical and cost effectiveness of specialized PD nurses 
in the management of PD  [157] .   

  Recommendations for the 
 s ymptomatic  c ontrol of 
 m otor  c omplications 

 Recommendations 
  Motor  fl  uctuations 
  Wearing -  o ff ( e nd of  d ose  a kinesia, 
 p redictable  ON  -  OFF ) 
     •      Adjust levodopa dosing.     In an early phase, when motor 

fl uctuations are just becoming apparent, adjustments in the 
frequency of levodopa dosing during the day, tending to 
achieve 4 – 6 daily doses, may attenuate wearing - off (GPP).  

   •      Add COMT inhibitors or MAO - B inhibitors.     No 
recommendations can be made on which treatment 
should be chosen fi rst  –  on average, all reduce OFF time 
by about 1 – 1.5   h/day. The only published direct 
comparison (Level A) showed no difference between 
entacapone and rasagiline. Tolcapone, although more 
effective than entacapone, is potentially hepatotoxic, and 

treatment for PD (Level A), further investigation is prob-
ably warranted.   

  Non -  p harmacological,  n on -  s urgical 
 m anagement of  m otor  s ymptoms 
 Despite optimal medical and/or neurosurgical treatment, 
the clinical picture of PD becomes progressively compli-
cated by an increased risk of falling, marked mobility 
problems (e.g. freezing of gait or diffi culty rising from a 
chair), disabling communication and swallowing prob-
lems, and a variety of non - motor symptoms. These motor 
symptoms and signs generally respond poorly to dopami-
nergic treatment, and this underscores the importance of 
non - pharmacological treatment approaches. As in early 
stage PD, this includes a broad range of disciplines, among 
others rehabilitation specialists, allied health professionals 
(physiotherapy, occupational therapy, speech - language 
therapy), PD nurse specialists, and social workers. 

 Suffi cient PD - specifi c expertise is required to strike a 
balance between promoting mobility and maintaining 
optimal levels of physical activity on the one hand, versus 
the need for safety and prevention of falls and injuries on 
the other hand  [138, 139] . 

 Specifi cally, the evidence - based guideline of physio-
therapy in PD recommends training of transfer diffi cul-
ties using compensatory cognitive strategies and cueing. 
   •      The effectiveness of cued training of sitting to standing 
transfers is supported by recent evidence (Class II:  [140] ).  
   •      Cognitive movement strategy training for ADL func-
tions and transfer movements probably improves func-
tional performance and quality of life, when embedded 
in a 2 - week inpatient rehabilitation period (Class II: 
 [141] ). However, effects of strategy training were similar 
to musculoskeletal exercises of the same duration and 
intensity. Benefi ts of training declined after 3 months 
follow - up without training.    
 Recent evidence has emerged that physiotherapy inter-
vention improves freezing of gait and balance. 
   •      Cued gait training in the home is probably effective in 
reducing the severity of freezing of gait (Class II:  [142] ). 
The combination of 4 weeks of treadmill training and 
cueing induces even greater benefi ts for freezing of gait 
than cueing alone (Class II:  [143, 332] ).  
   •      Physical activity and exercise are probably effective in 
improving postural instability and balance task perfor-
mance (Class II:  [144] ). Also, treadmill training is benefi -
cial for balance measures (Class II:  [145] ). Furthermore, 
physical activity likely reduces the risk of sustaining near -
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of risk for adverse events the procedure is only recom-
mended for patients below the age of 70 without major 
psychiatric problems or cognitive decline. Stimulation of 
other targets may also be effective, but results are less well 
documented.  
   •       Subcutaneous apomorphine  as penject (Level A) or 
pump (Level C).  
   •       Intrajejunal levodopa/carbidopa enteric gel  administered 
through percutaneous gastrostomy (PEG) can also help 
to stabilize patients with refractory motor fl uctuations 
and dyskinesia (Level C).     

  Unpredictable  ON  –  OFF  
 Deep brain stimulation of the STN is effective for unpre-
dictable ON - OFF fl uctuations (Level A). In the large 
studies of oral medical treatment for wearing - off, patients 
with unpredictable ON – OFF were either not included or 
constituted   5% of the total population Therefore, insuf-
fi cient evidence exists to conclude whether the results 
that are valid for wearing - off are also valid for unpredict-
able ON – OFF. There are only a few small studies specifi -
cally including only patients suffering from unpredictable 
ON – OFF, although studies evaluating continuous dopa-
minergic stimulation also include patients suffering con-
comitantly from wearing - off and unpredictable ON – OFF. 
The same is true for concomitant dyskinesia, which fre-
quently occurs during the ON phase of ON – OFF. Thus, 
there is insuffi cient evidence to conclude on specifi c oral 
medical strategies for ON – OFF, although the strategies 
described for dyskinesia and for wearing - off should be 
considered for unpredictable ON – OFF (GPP). 

 Unpredictable ON – OFF can have several components, 
one of which is delayed ON and, for which, oral dispers-
ible levodopa formulations could have some value 
(Level C). 

 Note: by shortening the interval between levodopa 
doses to prevent wearing - off, and reducing the size of 
individual doses, the relation between the moment of 
intake of each dose and the subsequent motor effect can 
become diffi cult to disclose, especially when inadequate 
absorption also occurs. The resulting pattern of fl uctua-
tion and dyskinesia may falsely suggest unpredictable 
ON – OFF. In such patients, the actual mechanism of 
wearing - off and peak - dose dyskinesia may reappear by 
increasing the levodopa intake interval to about 4   h. 
However, in some patients, the benefi t may wane after 
weeks or months.    

     Most patients will eventually receive a combination of 
several of these treatments because a single treatment 
fails to provide adequate control of fl uctuations. There is 
insuffi cient evidence on the combination of more than 
two strategies, and the choice of drugs is mainly based on 
safety, tolerability, ease of use, experience of the treating 
physician, and patient preference. All the above options 
may provoke or increase dyskinesias, but usually this can 
be managed by decreasing the levodopa dose. 

 Note: reduction or redistribution of total daily dietary 
proteins may reduce wearing - off effects in some patients. 
Restricting protein intake mainly to one meal a day may 
facilitate better motor responses to levodopa following 
other meals during the day. A more practical approach 
could be to take levodopa on an empty stomach about 
1   h before, or at least 1   h after, each meal (Class IV:  [158, 
159] ). 

 Oral dispersible levodopa can be useful for delayed ON 
(Level B). 

     Severe  m otor  fl  uctuations 
 Try oral therapy, as outlined above. If oral therapy fails 
to improve (marked to) severe predictable motor fl uc-
tuations, the following strategies can be recommended. 
   •       Deep brain stimulation of the STN  is effective against 
motor fl uctuations and dyskinesia (Level A), but because 

is only recommended in patients failing on all other 
available medications (see Part I of the guidelines). 
Rasagiline should not be added to selegiline (Level C) 
because of cardiovascular safety issues.  

   •      Add dopamine agonists.     Non - ergot dopamine agonists are 
fi rst - line compounds. Pergolide and other ergot agonists 
are reserved for second - line treatment, due to their 
association with lung, retroperitoneal, and heart valve 
fi brosis. Oral dopamine agonists are effi cacious in reducing 
OFF time in patients experiencing wearing - off. Currently, 
no dopamine agonist has proven better than another, but 
switching from one agonist to another can be helpful in 
some patients (Level B/C).  

   •      Switch from standard levodopa to CR formulation.     CR 
formulations of levodopa can also improve wearing - off 
(Level C). This formulation is useful for the treatment of 
night - time akinesia (nocturnal end of dose akinesia) (GPP).  

   •      Add amantadine or an anticholinergic.     In patients with 
disabling recurrent OFF symptoms that fail to improve 
further with the above - mentioned strategies, the addition 
of an anticholinergic (in younger patients), or amantadine, 
may improve symptoms in some cases (GPP).      
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  Freezing 
 Freezing, particularly freezing of gait, often occurs during 
the OFF phase, and less frequently in both OFF and ON. 
The latter scenario often does not respond to dopami-
nergic strategies. 

 Options for OFF freezing are the same as those 
described for wearing - off. In addition, the use of visual or 
auditory cues is empirically useful for facilitating the start 
of the motor act once freezing has occurred (Level C). 

 In ON freezing, a reduction in dopaminergic therapy 
can be tried, although this may result in worsening of 
wearing - off.   

  Interventions and  r ecommendations 
for the  s ymptomatic  c ontrol of 
 n on -  m otor  p roblems 

  Neuropsychiatric  c omplications 

  Dementia 
 The prevalence of dementia in PD is 30 – 40%  [164] , 
although the cumulative incidence is closer to 80%  [165] . 
Current age, rather than disease duration, is the highest 
risk factor for development of dementia associated 
with PD  [166] . The pathological and neurochemical 
substrates underpinning cognitive decline in PD are het-
erogeneous, although a profound cortical cholinergic 
defi ciency is characteristic  [167, 168] . 

  Interventions for the  t reatment of  d ementia in  PD  
 Several drugs, particularly anticholinergics, can impair 
cognitive function and a gradual, graded discontinuation 

  Biphasic  d yskinesia 
 Biphasic dyskinesias can be very diffi cult to treat, and 
have not been the subject of specifi c and adequate Class 
I – III studies. Deep brain stimulation of the STN is effec-
tive (Level A) and the strategies described for peak - dose 
dyskinesias can also be considered for biphasic dyskinesia 
(GPP). Another option is increasing the size and fre-
quency of levodopa dose, at the risk of inducing or 
increasing peak - dose dyskinesia. This latter strategy can 
be helpful, generally transiently, in those cases without 
peak - dose dyskinesia, or where they are considered less 
disabling than the biphasic type. A further option could 
be larger, less frequent doses, to give a more predictable 
response, which would better enable patients to plan 
daily activities (GPP). Finally apomorphine -  and intraje-
junal levodopa - infusion can be tried (Level C).     

 Recommendations 
  Dyskinesias 
  Peak -  d ose  d yskinesia 
     •       Reduce individual levodopa dose size , at the risk of 

increasing OFF time. The latter can be compensated for by 
increasing the number of daily doses of levodopa or 
increasing the doses of a dopamine agonist (Level C).  

   •       Discontinue or reduce dose of MAO - B inhibitors or COMT 
inhibitors  (GPP), at the risk of worsening wearing - off.  

   •      Add amantadine (Level A)  –  most studies use oral 
200 – 400   mg/day. The benefi t may last   8 months. The use 
of other antiglutamatergic drugs is investigational. In some 
cases discontinuation of oral levodopa for a short period 
of time (3 days) with simultaneous continuous intravenous 
infusion of amantadine may temporarily improve 
dyskinesia (GPP).  

   •       Deep brain stimulation of the STN , which allows reduction 
of dopaminergic treatment (Level A). Effective inhibition of 
severe dyskinesia may also be obtained by GPi stimulation 
(Level C).  

   •       Add atypical antipsychotics , clozapine (Level C:  [160, 
161] ), in dosages ranging between 12.5 – 75   mg/day up to 
200   mg/day, or quetiapine (Level C:  [162, 163] ). However, 
clozapine is associated with potential serious adverse 
events (agranulocytosis and myocarditis), which limits its 
use (GPP).  

   •       Apomorphine continuous subcutaneous infusion , which 
allows reduction of levodopa therapy (Level C).  

   •       Intrajejunal levodopa infusion  in patients with marked 
peak dose dyskinesia and motor fl uctuations (Level C).      

 Recommendations 
  Off -  p eriod and  e arly  m orning  d ystonias 
     •       Usual strategies for wearing - off  can be applied in cases of 

off - period dystonia (GPP).  

   •       Additional doses of levodopa or dopamine agonist therapy 
at night  may be effective for the control of dystonia 
appearing during the night or early in the morning (GPP).  

   •       Deep brain stimulation of the STN  (Level A) or GPi 
(Level C).  

   •       Botulinum toxin  can be employed in both off - period and 
early morning dystonia (GPP).     
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  Psychosis 
 Psychosis is one of the most disabling non - motor com-
plications of PD. Visual hallucinations have been 
observed in up to 40% of patients with advanced disease 
in hospital - based series  [181] . 

  Interventions for the  t reatment of  p sychosis in  PD  
 Due to the prominent role of dopaminergic treatment in 
inducing psychosis in PD, interventions are primarily 
based on reduction or withdrawal of the offending drugs, 
complemented by adjunct treatment with atypical anti-
psychotics, if necessary. However, infection and meta-
bolic disorders can provoke psychosis and, in such cases, 
the underlying disorder should be treated. 

 Visual hallucinations often preceed or accompany 
cognitive decline and should be considered as a warning 
sign for developing dementia in PD.  

  Atypical  a ntipsychotics 
  Clozapine    The effi cacy of clozapine was documented in 
two 4 - week trials (Class I:  [182, 183] ). There was no 
worsening of UPDRS - Motor scores, and one study  [182]  
found signifi cant improvement of tremor in patients 
receiving clozapine versus placebo. In an open - label 
extension of one of these studies, effi cacy was maintained 
over an additional 12 weeks  [184] . Leucopenia is a rare 
(0.4%) but serious adverse event with clozapine as is 
myocarditis  [185] . Consistently reported side effects 
(even with low - dose clozapine) include sedation, dizzi-
ness, increased drooling, orthostatic hypotension, and 
weight gain. 

  Olanzapine    In two Class I studies, olanzapine failed to 
show antipsychotic effi cacy  [186, 187] . Both studies also 
found signifi cant motor worsening with olanzapine, as 
did Goetz  et al.   [188]  (Class I). Olanzapine is associated 
with unacceptable worsening of PD, and is no longer 
recommended because of the risk of cerebrovascular 
events in the elderly  [189] . However, a relationship 
between olanzapine and stroke has been denied by 
others  [190] . 

  Quetiapine    A recent trial found no signifi cant improve-
ment in psychosis rating with quetiapine versus placebo 
(Class I:  [331] ).   This study contradicts previous encour-
aging results from several Class III studies  [191 – 197] , and 
a study by Morgante  et al.   [162]  (Class II), which found 
no difference between quetiapine and clozapine. 

of such drugs is recommended. Other possible interven-
tions are therapy with cholinesterase inhibitors or the 
N - methly D - aspartate receptor antagonist memantine 
(see below). 

  Cholinesterase inhibitors    Several reports on cognitive dys-
function in patients with dementia in PD have claimed 
benefi cial treatment effects with donepezil (Class I:  [169 –
 171] ), rivastigmine (Class I:  [172] ), galantamine (Class 
III:  [173] ), and tacrine (Class IV:  [174, 175] ). A Cochrane 
review concluded that cholinesterase inhibitors lead to a 
clinically signifi cant benefi t in 15% of cases, but that 
further studies were required to better ascertain impact on 
quality of life, as well as health economic measures  [176] . 

 For the effect of cholinesterase inhibitors on neuropsy-
chiatric symptoms (including hallucinations) see below. 

 Increased tremor is an uncommon reason for dis-
continuation of cholinesterase inhibitors  [177] , while 
nausea and vomiting can also result in discontinuation 
of therapy in a minority of patients. These drugs may also 
be associated with a modest increase in risk for syncope, 
need for pacemaker insertion and hip fracture  [178] . 
They may also worsen urinary frequency, urgency, and 
urge incontinence. 

  Memantine    Two relatively small randomized trials in 
patients with either dementia associated with PD (PDD) 
or the closely related dementia with Lewy bodies (DLB) 
demonstrated benefi t for memantine, although the 
effects were very modest (Class I:  [179, 180] ). In both 
studies the drug was well tolerated.     

 Recommendations 
  Treatment of  d ementia in  PD  
 Most of the recommendations are off - label recommendations. 

   •       Discontinue potential aggravators . Anticholinergics (Level 
B), amantadine (Level C), tricyclic antidepressants (Level C), 
tolterodine and oxybutynin (Level C), and benzodiazepines 
(Level C).  

   •       Add cholinesterase inhibitors . Rivastigmine (Level A), 
donepezil (Level A), galantamine (Level C). Given the 
hepatotoxicity of tacrine, its use is not recommended 
(GPP). There may be idiosyncrasy in clinical response and 
side effects with these agents so it may be worth trying 
an alternative agent before abandoning (GPP).  

   •       Add or substitute with memantine if cholinesterase 
inhibitors not tolerated or lacking effi cacy  (Level C).     
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Depressive episodes and panic attacks may occur before 
the onset of overt motor symptoms  [209, 210]  and, in 
established PD, depression is a major determinant of 
quality of life  [211, 212] . 

 There is consensus that PD - specifi c neurobiological 
changes also play a key role  [213 – 215] . 

  Interventions for the  t reatment of  d epression in  PD  
 Despite its clinical importance, relatively few phar-
macological intervention studies on how to treat PD -
 associated depression have been reported and ony 
recently Class I trials have been published and initiated. 

  Levodopa    There are no studies on the effects of chronic 
levodopa treatment on depressive symptoms in PD. 

  Dopamine agonists    There have been early anecdotal 
claims of antidepressant effects of the dopamine agonists, 
initially related to bromocriptine (Class IV:  [216] ). In 
addition, a small study has compared the antidepressive 
effi cacy of standard doses of pergolide and pramipexole 
as adjunct therapy. After 8 months, both treatments 
were associated with signifi cant improvements in 
depression scores (Class III:  [217] ). A meta - analysis of 
seven randomized controlled trials of the effect of the 
non - ergot dopamine agonist pramipexole on depression 
in PD suggests that this compound has a benefi cial 
effect on mood and motivational symptoms in PD 
patients, who do not suffer from major depressive disor-
der  [218] . 

  MAO inhibitors    In a study of the effects of selegiline on 
motor fl uctuations, Lees et al.  [9]  (Class II) failed to 
detect any signifi cant changes in depression score in a 
subgroup analysis. However, depression was not the 
primary target of this trial. 

 In another study, after 6 weeks of therapy, Hamilton 
Depression rating scale (HAM - D) scores showed signifi -
cantly greater improvement in patients receiving com-
bined MAO - A (moclobemide 600   mg/day) plus MAO - B 
(selegiline 10   mg/day) inhibition, as compared with 
treatment with moclobemide alone (Class III:  [219] ). 
However, this study was confounded by motor improve-
ment in the combined treatment group. 

  Tricyclic antidepressants    This class of agents features  
among others an anticholinergic effect and is an 

  Risperidone    Risperidone improves hallucinations and 
psychosis in PD (Class IV:  [198 – 201] ). However, motor 
worsening was observed in most of these reports and, 
therefore, risperidone is not recommended in patients 
with PD  [202] .  

  Cholinesterase  i nhibitors 
 Rivastigmine (Class III:    [202a, 203]  and donepezil (Class 
IV:  [204, 205] ) have been reported to improve psychosis in 
PD patients. In a study of dementia in PD, rivastigmine 
improved hallucinations (Class III, as hallucination was 
analysed post hoc in this trial:  [172, 206] ). Motor worsen-
ing was reported in two cases in one study only. A small 
minority of patients discontinued therapy because of 
increased tremor, nausea or vomiting.     

 Recommendations 
  Treatment of  p sychosis in  PD  
     •       Control triggering factors  (GPP). Treat infection and 

metabolic disorders, rectify fl uid/electrolyte balance, treat 
sleep disorder.  

   •       Reduce polypharmacy  (GPP). Reduce/stop anticholinergic 
antidepressants, reduce/stop anxiolytics/sedatives.  

   •       Reduce antiparkinsonian drugs  (GPP). Stop 
anticholinergics, stop amantadine, reduce/stop dopamine 
agonists, reduce/stop MAO - B and COMT inhibitors, lastly, 
reduce levodopa. Stopping antiparkinsonian drugs can be 
at the cost of worsening motor symptoms. As a rule 
dopamine agonists have a higher psychosis - inducing 
potential than levodopa (GPP).  

   •       Add atypical antipsychotics . Clozapine (Level A)  –  although 
it can be associated with serious haematological adverse 
events, requiring monitoring. There is insuffi cient data on 
quetiapine, and it is possibly useful (GPP). Quetiapine is 
thought to be relatively safe and does not require blood 
monitoring. Olanzapine (Level A), risperidone (Level C), 
and aripripazole (GPP) are not recommended, but can 
induce  –  sometimes with a delay  –  parkinsonism (harmful).  

   •       Typical antipsychotics  (e.g. phenothiazines, 
butyrophenones) should not be used because they worsen 
parkinsonism.  

   •       Add cholinesterase inhibitors . Rivastigmine (Level B), 
donepezil (Level C).     

  Depression 
 Depression is one of the most common non - motor 
symptoms of PD and, overall, available studies suggest 
that it may be found in about 40% of patients  [207, 208] . 
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   ‘ New ’  antidepressants    Reboxetine (Class III:  [229] ) and 
venlafaxine (Class III:  [230] ) have been reported benefi -
cial in PD - associated depression. However, these studies 
have been small and of short duration. 

  Non - pharmacological interventions    A recent review iden-
tifi ed 21 articles, covering a total of 71 patients with PD 
receiving electroconvulsive therapy (ECT) to treat con-
comitant depression  [28] . These data are insuffi cient to 
conclude on the effi cacy and safety of ECT to treat 
depression in PD. 

 Two double - blind studies have assessed repetitive 
transcranial magnetic stimulation (rTMS) in PD depres-
sion. There was no difference between sham and effec-
tive stimulation with respect to depression and PD 
measures (Class I:  [231] . A Class I study  [232]  found 
rTMS as effective as fl uoxetine in improving depression 
at week 2  –  an effect maintained to week 8. However, 
interpretation of this study is hampered by lack of a 
placebo.      

established treatment modality in major depression. One 
randomised placebo - controlled study in 19 patients (all 
on levodopa 7 of whom also were on anticholinergics) 
dates back more than 20 years and is related to nortrip-
tyline (titrated from 25   mg/day to a maximum of 150   mg/
day) (Class II:  [220] ), which showed a signifi cant 
improvement over placebo, on a depression rating scale 
designed by the author. Although evidence - based reviews 
( [28, 221] ) found little evidence supporting the use of 
tricyclic antidepressants in PD, a randomized controlled 
trial of paroxetine CR versus nortriptyline versus placebo 
in 52 patients with PD and depression showed that nor-
triptyline was effi cacious but paroxetine CR was not. The 
primary endpoint in this study was the Hamilton Depres-
sion Scale and the percentage of depression responders 
at 8 weeks  [222, 223] . 

  Selective serotonin reuptake inhibitors (SSRIs)    The use of 
SSRIs in PD - associated depression has been reported as 
benefi cial in numerous small, open - label studies cover-
ing a variety of agents (fl uoxetine, sertraline, paroxetine; 
Class II – IV: see  [224]  for review). One small double -
 blind placebo - controlled study of sertraline has assessed 
this approach. No statistically signifi cant differences in 
the change of Montgomery Asberg Depression Rating 
Scale (MADRS) scores was detected between treatment 
arms (Class II:  [225] ). 

 The two largest uncontrolled trials of SSRIs in the 
treatment of depression in PD investigated the use of 
paroxetine in 33 and 65 patients over a period of 3 – 6 
months (Class III:  [226, 227] ). In both studies, parox-
etine was titrated to 20   mg/day and produced statistically 
signifi cant improvements over baseline in HAM - D rating 
scores. There were no changes in UPDRS - Motor scores 
in either study. Avila  et al .  [228]  (Class II) compared 
nefazodone with fl uoxetine. Signifi cant improvements in 
BDI scores were observed with both treatments. However, 
according to a recent review, large effect sizes have been 
seen with both active and placebo treatments in PD, but 
with no difference between the active and placebo groups 
 [224] . The controlled, although small study by Menza 
 et al .  [222]  also failed to demonstrate a benefi cial effect 
of an SSRI, i.e. paroxetine CR, on depression in PD (see 
above)  –  in contrast to nortriptyline. 

 When added to dopaminergic therapy, SSRIs have the 
potential to induce a  ‘ serotonin syndrome ’ , which is a 
rare but serious adverse event. 

 Recommendations 
  Treatment of  d epression in  PD  
     •       Optimize antiparkinsonian therapy  (GPP).  

   •       Tricyclic antidepressants  (Level B).  

   •       SSRIs  (GPP). SSRIs are less likely to produce adverse effects 
than tricyclic antidepressants (GPP).  

   •        ‘ New ’  antidepressants (mirtazapine, reboxetine, 
venlafaxine) . No recommendation can be made.     

  Autonomic  d ysfunction 
 Autonomic dysfunction is a common complication of 
PD. However, it may also occur as a side effect of stan-
dard medical therapy in PD. A signifi cant minority of 
parkinsonian patients experience severe and disabling 
autonomic impairment. 

  Orthostatic  h ypotension 

  Interventions for the  t reatment of  o rthostatic 
 h ypotension in  PD  
  Midodrine    Midodrine is a peripheral alpha - adrenergic 
agonist without adverse effects on cardiac function. Two 
Class II studies of midodrine that included PD and other 
causes of neurogenic orthostatic hypotension revealed a 
signifi cant increase in standing blood pressure  [233, 
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  Urinary  d isturbance 

  Interventions for the  t reatment of  u rinary 
 d isturbance in  PD  
  Dopaminergic drugs    There are indications that dopami-
nergic therapy (apomorphine, L - dopa) can improve 
storage urodynamic properties in patients with PD, at 
least in  de novo  patients (Class IV:  [238] ). In non -  de 
novo  patients the results of different studies are partly 
confl icting and variable concerning effects of dopami-
nergic therapy (Class III:  [239 – 246] ). With subcutane-
ous apomorphine a reduction of bladder outfl ow 
resistance and improved voiding was demonstrated 
(Class III:  [242] ). 

  Peripherally acting anticholinergics    Neurogenic bladder 
problems with overactive bladder in general improve 
with anticholinergics  [247, 248]  but there are no placebo -
 controlled double - blind/randomized studies on this 
treatment in patients with PD. It is important to balance 
the therapeutic benefi ts with the adverse effects of these 
drugs. Dry mouth, constipation, and cognitive adverse 
events are a concern. It has been suggested that anticho-
linergic drugs that do not pass the blood – brain barrier so 
readily should have priority because of their lower risk of 
cognitive side effects, but there are no studies addressing 
this issue. 

234] . Such effect lasts only a few hours, which may be an 
advantage in some cases since patients can take it only 
when the effects are needed. The main side effects are 
supine hypertension (4% of patients)  [234] , paresthesias, 
and goose bumps. 

  Fludrocortisone    Fludrocortisone (also called fl uorohy-
drocortisone) enhances sodium reabsorption and potas-
sium excretion in the kidney. The rise in blood pressure 
is assumed to be due to an increase in blood volume and 
cardiac output. Only one study (Class IV) evaluated PD 
patients and showed an increase in systolic pressure upon 
standing, as well as disappearance of orthostatic symp-
toms  [235] . In a more recent, small (17 patients with PD) 
crossover clinical trial (Class III;  [236]  * ) with four drop -
 outs, both fl udrocortisone and domperidone improved 
scores on two clinical scales used as outcome measures 
(CGI and COMPASS - OD), with only a trend towards 
reduced blood pressure drop on tilt table testing (dom-
peridone    fl udrocortisone). Hypertension, hypokalae-
mia, and ankle oedema  [237]  are the main side effects of 
fl udrocortisone. Other studies have found fl udrocorti-
sone effective in various other causes of orthostatic hypo-
tension. At least 4 - 5 days of treatment are necessary 
before therapeutic response is observed and full benefi t 
requires a high dietary salt and adequate fl uid intake. 

  Dihydroergotamine, etilefrine hydrochloride, indometha-
cin, yohimbine, L - DOPS (L - threo - 3,4 - dihydroxyphenyl-
serine), desmopressin acetate, pyridostigmine and EPO 
(erythropoietin)    Insuffi cient evidence is available in PD 
and in other disorders causing neurogenic orthostatic 
hypotension.     

 Recommendations 
  Treatment of  o rthostatic  h ypotension in  PD  
  General  m easures 
     •       Avoid aggravating factors  such as large meals, alcohol, 

caffeine at night, exposure to a warm environment, 
volume depletion, and drugs known to cause orthostatic 
hypotension, such as diuretics or antihypertensive drugs, 
tricyclic antidepressants, nitrates, alpha - blockers used to 
treat urinary disturbances related to prostatic hypertrophy. 
Levodopa, dopamine agonists, and MAO - B inhibitors may 
also induce orthostatic hypotension.  

   •       Increase salt intake (1g per meal)  in symptomatic 
orthostatic hypotension.  

   •       Head - up tilt of the bed at night (30 – 40 ° ) , which may be 
helpful.  

   •       Wear waist - high elastic stockings and/or abdominal binders.   

   •       Exercise as tolerated.   

   •       Introduce counter - manoeuvres to prolong the time for 
which the patient can be upright  (leg crossing, toe raising, 
thigh contraction, bending at the waist).  

   •       Highlight postprandial effects . In some patients, 
hypotension occurs only postprandially. Warning the 
patient about this effect and taking frequent small meals 
may be helpful.     

  Drug  t herapy 
     •       Add midodrine  (Level A).  

   •       Add fl udrocortisone  (GPP: possibly effective, but note side 
effects).      
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  Gastrointestinal  m otility  p roblems 

  Dysphagia:  t herapeutic  i nterventions 
 The literature on treatment of dysphagia in Parkinson ’ s 
disease is limited. Several studies have methodological 
problems and results are diffi cult to compare because of 
heterogeneous methods and outcome measures. Levo-
dopa and apomorphine can improve the early phases 
(oral and pharyngeal) of swallowing, resulting in a shorter 
swallowing time, but do not affect all patients and might 
reduce swallowing effi ciency (Class III:  [253 – 259] ). Per-
cutaneous injection of botulinum toxin can be consid-
ered in selected patients (Class III:  [260] ). The effects of 
cricopharyngeal myotomy have not been fully evaluated 
(Class IV:  [261, 262] ). The effect of different rehabilitative 
treatments and modifi cation of food/drink could be 
effective in some patients (Class III:  [263 – 267] ).    

  Intranasal desmopressin spray    Intranasal desmopressin 
spray showed a good response in PD patients with noc-
turia (Class IV:  [249] ). 

  Deep brain stimulation    Deep brain stimulation might 
have benefi tial effects with improved bladder capacity, 
and increased voiding volumes, but does not infl uence 
bladder emptying (Class III:  [250, 251] ).     

 Recommendations 
  Dysphagia 
 Dysphagia diffi culties in PD usually relate to disease severity 
and are rare in early PD. They are connected to a risk for 
asphyxia, aspiration pneumonia, malnutrition, and 
dehydration. There is a high risk of silent aspiration in PD. 
Pneumonia is a leading cause of death in later disease 
stages. The following recommendations can be given (GPP). 

   •      Optimization of motor symptom control should be given 
priority3. Levodopa and apomorphine can improve 
dysphagia at least in some patients.  

   •      Early referral to speech therapist for assessment, 
swallowing advice, and further instrumental investigations 
if needed.  

   •      Videofl uoroscopy in selected cases to exclude silent 
aspiration.  

   •      Enteral feeding options may need to be considered 
(short - term nasogastric tube feeding or longer - term 
feeding systems (percutaneous endoscopic gastrostomy)).    

 Concerning surgical therapies, rehabilitative treatments, 
and botulinum toxin therapies there is still very limited 
experience and these treatments can not be generally 
recommended.  

 Recommendations 
  Treatment of  u rinary  d isturbance in  PD  
 Most PD patients develop bladder problems. The symptoms 
include urgency, frequency, nocturia, and sometimes urge 
incontinence. The most common bladder disturbance is 
detrusor hyperactivity. Detrusor hypoactivity is uncommon, 
and usually caused by anticholinergic and tricyclic 
antidepressive drugs. Pronounced incontinence is relatively 
uncommon and when it occurs it mostly relates to late stage 
disease or akinesia. PD patients with bladder problems 
should be referred to a urologist, at least if response to 
anticholinergic therapy is insuffi cient or if incontinence is 
present. Further management includes the following. 

   •       When symptoms appear suddenly : exclude urinary tract 
infection.  

   •       When frequency and polyuria dominate : exclude diabetes 
mellitus.  

   •       Nocturia : reduce intake of fl uid after 6pm. Sleep with 
head - up tilt of bed to reduce urine production.  

   •       Night - time dopaminergic therapy should be optimized  
(GPP). Apomorphine injections can be considered if 
outfl ow obstruction is the dominating problem (GPP).  

   •       Use anticholinergic drugs  (GPP): drugs that do not pass 
the blood – brain barrier should have priority (since those 
that pass the blood – brain barrier tend to cause cognitive 
side effects in this patient category (GPP)). Substances: 
trospium chloride (10 – 20   mg two to three times per day), 
tolterodine (2   mg twice per day), oxybutynin (2.5 – 5   mg 
twice per day). Compared to other alternatives trospium is 
less apt to penetrate the blood – brain barrier. In case of 
cognitive side effects the advantage of better control of 
the urine must be balanced against the cognitive 
drawbacks. Postmicturation residual urine should be 
measured before and especially after start of 
anticholinergic therapy. 

     •      A recent pilot study showed that botulinum toxin type A 
injected in the detrusor muscle under cystostopic guidance 
ameliorated clinical symptoms and urodynamic variables in 
a small sample of PD patients with overactive bladder. 
 [252] .     

  Gastric  d ysfunction:  t herapeutic  i nterventions 
 Domperidone has been reported to accelerate gastric 
emptying and reduces dopaminergic drug - related gastro-
intestinal symptoms in patients with PD (Class II – IV: 
 [268 – 271] ). Mosapride, a selective 5 - hydroxytryptamine 
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in 57 patients with PD (Class I:  [277] ). Also tagaserode 
(a 5 - HT4 partial agonist) has proven to be an effi cacious 
and safe therapy (Class II:  [278] ).     

type 4 (5HT4) agonist drug, improved gastric emptying 
in PD patients with motor fl uctuations (Class III:  [272]  * ) 

 Metoclopramide also blocks peripheral dopamine 
receptors and reduces nausea and vomiting  [269]  by 
blocking dopamine receptors in the area postrema. 
However, in contrast to domperidone, it also crosses the 
blood – brain barrier, thus can also worsen or induce par-
kinsonism  [273 – 275] , which is considered an unaccept-
able risk in patients with PD.    

 Recommendations 
  Gastric  d ysfunction 
     •      Gastric emptying is often delayed in PD, both in early and 

advanced patients. In addition to nausea and vomiting, 
symptoms may include early satiety, postprandial fullness, 
and abdominal pain. Through delayed absorption of 
medication motor fl uctuations such as  ‘ delayed on ’  can 
result. Domperidone can be considered to accelerate 
gastric emptying (GPP).  

   •      Parenteral treatment such as transdermal patches can be 
considered for patients with severe fl uctuations due to 
erratic gastric emptying (GPP). In cases with gastroparesis 
a PEG often becomes necessary.     

 Recommendations 
  Nausea and  v omiting 
 Domperidone (30 – 60   mg/daily) reduces dopaminergic 
drug - related gastrointestinal symptoms in patients with PD 
(Class II – IV:  [268 – 271] ). Ondansetron may be used as 
second - line drug. No other antiemetic is recommended. In 
fact, metoclopramide, cinnarizine, and prochlorperazine must 
be avoided (GPP) (see above).  

 Recommendations 
  Constipation 
     •      Constipation is the most commonly reported 

gastrointestinal symptom in PD patients. It can occur in 
both clinical and preclinical stages of the disease and 
worsens with disease progression. Anticholinergic drugs 
can worsen constipation and should be removed (GPP).  

   •      Among non - pharmacological therapies, increased intake of 
fl uid and fi bre are recommended (GPP).  

   •      Increased physical activity can be benefi cial (GPP).  

   •      As medication polyethylene glycol solution (Macrogol) is 
recommended (Level A).  

   •      Alternative treatments are fi bre supplements such as 
psyllium (Level B) or methylcellulose and osmotic laxatives 
(e.g. lactulose) (GPP).  

   •      Irritant laxatives should be reserved for selected patients 
and short treatment duration.     

  Nausea and  v omiting:  t herapeutic  i nterventions 
 These symptoms often occur as adverse events in the 
initiation of dopaminergic therapy (see Part I) or when 
dopaminergic therapy is increased. To block or reduce 
nausea (and vomiting) and improve compliance to the 
symptomatic therapy, antiemetics can be used as con-
comitant therapy.    

  Erectile  d ysfunction 

  Interventions for the  t reatment of  e rectile 
 d ysfunction in  PD  
  Sildenafi l  On the basis of trials using validated question-
naires, sildenafi l was found to be effi cacious in the treat-
ment of erectile dysfunction (Class I:  [279] ; Class IV: 
 [280, 281] ). Side effects of this drug include a group of 
mild and transitory adverse reactions (headache, tran-
sient visual effects, fl ushing) and, occasionally, severe 
reactions (hypotension, priapism, cardiac arrest). 

  Alprostadil    Insuffi cient evidence. 

  Dopamine agonists    Apomorphine, administered 30   min 
before sexual activity, may improve erectile function 
(Class IV:  [282, 283] ). 

 Nausea, headache, yawning, and orthostatic hypoten-
sion are the most common side effects of apomorphine. 
Pergolide may improve sexual function in younger male 
patients (Class IV:  [284] ).      

  Constipation:  t herapeutic  i nterventions 
 Psyllium was reported to increase stool frequency (Class 
II:  [276] ). A placebo - controlled study showed Macrogol 
to be effective in the treatment of chronic constipation 
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  Sleep  d isorders 
 Clinically signifi cant sleep disorders are common in PD. 
It is estimated that 60 – 90% of patients complain of dif-
fi culties associated with sleep  [285] . These disorders can 
be classifi ed into those that involve nocturnal sleep 
(insomnia), daytime manifestations such as excessive 
daytime sleepiness, and those that involve specifi c noc-
turnal motor problems such as akinesia, dystonia, peri-
odic limb movements, and restless legs syndrome. The 
causes of sleep disorders are related to the disease itself, 
to comorbidity or ageing, or linked to the effects of medi-
cations. There are a limited number of controlled clinical 
trials specifi cally on sleep problems associated with PD. 
There are also data on sleep outcomes generated in trials 
that selected patients who were not specifi cally recruited 
because of their sleep problems. 

  Daytime  s omnolence 
 There is huge variability in the frequency of daytime 
sleepiness depending on the population investigated and 
the tools used  [286, 287] . Using the Epworth Sleepiness 
Scale (ESS) to defi ne daytime somnolence, the frequency 
reaches 33% of patients as compared to 11 – 16% in a 
population of non - PD controls  [288 – 290] . 

  Interventions for the  t reatment of  d aytime 
 s omnolence in  PD  
  Modafi nil    Modafi nil is an orally administered wake -
 promoting agent, indicated to improve wakefulness in 

 Recommendations 
  Treatment of  d aytime  s omnolence in  PD  
  General measures  

   •      Assessment of nocturnal sleep disturbances (GPP).  

   •      Optimize improvement of nocturnal sleep by reducing 
disturbing factors, such as akinesia, tremor, urinary 
frequency, etc. (GPP).  

   •      Recommendation to stop driving (GPP).    

 Drug therapy 

   •      Decrease dose or discontinue sedative drugs prescribed for 
another medical condition (GPP).  

   •      Decrease dose of dopaminergic drugs (mainly dopamine 
agonists; GPP). All dopaminergic drugs may induce 
daytime somnolence.  

   •      Switch to other dopamine agonist (GPP).  

   •      Add modafi nil (Level B).  

   •      Add other wake - promoting agents like methylphenidate 
(GPP).     

adults with excessive sleepiness associated with obstruc-
tive sleep apnoea, shift work disorder, and narcolepsy. 
Three small Class II, short - term, placebo - controlled, 
randomized, double - blinded trials evaluated the effect of 
oral modafi nil on daytime sleepiness in PD  [291, 292, 
293] . The two trials with a crossover design  [291, 292]  
found a small improvement in the ESS, while in the paral-
lel trial   [293]  modafi nil failed to signifi cantly improve 
ESS. There was no benefi t documented in other second-
ary sleep related outcomes  [291 – 293] . 

  Other pharmacological treatments    An open - label study 
(Class III:  [294] ) on STN - stimulated patients with 
advanced PD with severe gait disorders, treated with high 
doses of methylphenidate, reported an improvement in 
the ESS.     

 Recommendations 

  Treatment of  e rectile  d ysfunction in  PD  
 Erectile dysfunction is more common in PD patients 
compared with age matched controls. Urological 
investigation should be considered. Comorbidities, such as 
endocrine abnormalities (e.g. hypothyroidism, 
hyperprolactinemia, low testosterone) and depression should 
be considered and treated. Drugs associated with erectile 
dysfunction (e.g. alpha - blockers) or anorgasmia (e.g. SSRIs) 
should be discontinued. Dopaminergic therapy can have 
both negative and positive effects on this symptom. 
Sildenafi l (50 – 100   mg, 1   h before sex) can be tried in PD 
patients with these problems (Level B). Other drugs of this 
class, like tadalafi l (10   mg, 30   min – 12   h before sex) or 
vardenafi l (10   mg, 1   h before sex) can be alternative choices 
(GPP; no published experience in PD). In some patients 
apomorphine injections (5 – 10   min before sex) can also be an 
alternative treatment (GPP). Intracavernous injections of 
papaverine or alprostadil can be considered in selected 
patients (GPP; no published experience in PD).  

  Sudden -  o nset  s leep  e pisodes 
 Sudden - onset sleep episodes ( ‘ sleep attacks ’ ) were origi-
nally described as  ‘ sudden, irresistible, and overwhelm-
ing sleepiness without awareness of falling asleep ’ . The 
percentage of PD patients complaining of sleep episodes 
varies greatly in different reports between 3.8 and 20.8% 
 [288, 295 – 300] .    
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cacy of pramipexole for the treatment of RBD in PD 
patients. 

  Antidepressants    Most antidepressants, especially sero-
tonin reuptake inhibitors and mirtazapine, may carry a 
risk of worsening pre - existing RLS, periodic leg move-
ments and RBD (Class IV:  [312] ).     

  Nocturnal  s leep  p roblems 
 Nocturnal sleep disorders may not be a major clinical 
problem in the early stages of the disease, although 
changes of motor events, REM sleep behaviour disorder 
(RBD), and sleep fragmentation are recognized in 
untreated PD  [301] . However, with disease progression 
there are specifi c symptoms of PD that may interfere with 
global sleep quality. The most frequent sleep problems 
include sleep fragmentation and nocturia. Other prob-
lems include diffi culty in turning over in bed, a restless 
legs - like syndrome, vivid dreams, hallucinations, dyski-
nesias, pain, dystonia, and others  [302] . All these phe-
nomena result in worse quality of sleep when compared 
with a control group without PD  [290] . Another frequent 
sleep disorder both in early and late stage PD is RBD. 

   REM   s leep  b ehaviour  d isorder 
 REM sleep behaviour disorder is a parasomnia character-
ized by the occurrence of muscle activity enabling dream 
enactment during REM sleep  [303] . Patients may present 
complex, vigorous, and sometimes violent behaviours 
 [304] . RBD is present in 25 – 50% of PD patients  [304, 
305]  and may precede the onset of clinical symptoms of 
parkinsonism by many years  [306] .  

  Interventions for the  t reatment of  RBD  
 There are no controlled trials that specifi cally addressed 
the treatment of RBD in Parkinson ’ s disease or any par-
kinsonian syndrome. 

  Clonazepam    Two case series (Class IV:  [307, 308] ) that 
have included patients with PD concluded that small 
doses of clonazepam (0.5 – 2   mg) are effi cacious for the 
treatment of RBD. Clonazepam may induce daytime 
sedation and exacerbate underlying obstructive breath-
ing in sleep and increase the risk of nocturnal falling in 
the elderly. 

  Dopamine agonists    Three small open - label studies (Class 
III:  [309 – 311]  reported contradictory results on the effi -

 Recommendations 
  Treatment of  s udden  o nset  s leep in  PD  
 There are no studies that specifi cally addressed the 
treatment or prevention of sudden - onset sleep in PD. 

 Recommendations are similar to the ones proposed for 
excessive daytime somnolence (GPP).  

 Recommendations 
  Treatment of  RBD  in  PD  
  General measures  

   •      Protective measures to prevent sleep related injuries 
(safeguard bedroom environment) (GPP).  

   •      Reduce or withdraw antidepressants, primarily SSRIs (GPP).    

  Drug therapy  

   •      Add clonazepam at bedtime (0.5 – 2   mg) (Level C).     

  Other  s leep  d isorders 
 In the available studies, the translation of the concept of 
night - time sleep disorders to the inclusion criteria of the 
different trials is very heterogeneous. The applied criteria 
varied from sleep fragmentation (frequency of nocturnal 
awakenings) to subjective complaint of unsatisfactory 
night - time sleep with nocturnal akinesia as a frequent 
and clinically relevant complaint. 

  Interventions for the  t reatment of  o ther  n ight -  t ime 
 s leep  d isorders in  PD  
  Levodopa    Two randomized, crossover placebo controlled 
trials (Class II:  [313] ;  [314] ) suggested that a bedtime 
intake of a standard or slow release dose of L - dopa may 
improve nocturnal and early morning disabilities. A small 
trial (Class II:  [313] ) comparing three different night - 
time doses (100   mg levodopa/25   mg carbidopa) found 
an increased sleep quality, decreased number of spontane-
ous moves in bed, and improved walking time in the 
morning. A placebo - controlled trial (Class II:  [314] ) 
reported an improvement in nocturnal akinesia and 
sleeping time with a bedtime single dose of slow - release 
levodopa/carbidopa. In a crossover double - blind trial, 
both levodopa/benserazide formulations (controlled 
release vs standard release) reduced nocturnal and early -
 morning disability scores (compared with baseline)  [315] . 

  Dopamine agonists    A Class II  [316]  randomized, double -
 blind, placebo - controlled trial demonstrated that a 
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reduces nigh time akinesia, sleep fragmentation, and early 
morning dystonia. There were also consistent reports of 
no improvement on periodic leg movements, restless legs 
symptoms, RBD. and excessive daytime sleepiness.      

night - time dose of 1   mg pergolide worsened sleep (sleep 
effi ciency, movement, and fragmentation index) in PD 
patients with fragmented sleep. A small open - label trial 
that evaluated the effect of nocturnal continuous subcu-
taneous overnight apomorphine infusion (Class III: 
 [317] ) documented a reduction of nocturnal awakenings 
and off periods and improvement of nocturia and noc-
turnal and early - morning akinesia in PD patients with 
nocturnal disabilities. 

 Nocturnal disturbances were measured with the Par-
kinson ’ s Disease Sleep Scale (PDSS)  –  as secondary 
outcome criteria and not as an eligibility criteria in two 
Class I trials  [47, 49] . It was concluded that transdermal 
rotigotine, pramipexole, and ropinirole prolonged release 
improved most aspects of sleep and night quality (PDSS) 
in advanced PD. 

 Two small open - label studies (Class III:  [318, 319] ) 
evaluated the benefi t of a single evening intake of caber-
goline. In the fi rst trial, cabergoline improved early 
morning motor function, did not change sleep effi ciency, 
and aggravated fragmented sleep. In the second trial, 
there was signifi cant increase of sleep effi ciency and sleep 
quality (PDSS). 

  Melatonin    An improvement in night sleep outcomes was 
reported in two randomized placebo - controlled studies 
(Class II:  [320, 321] ) with two completely different doses 
of melatonin (50   mg and 3   mg). There were no reports of 
relevant adverse events. 

  Other pharmacological treatments    Two case series 
with zolpidem (Class IV:  [322] ), an imidazopyrimidine 
short - acting hypnotic, and quetiapine (Class IV:  [323] ), 
an atypical antipsychotic with sedative properties, sug-
gested an improvement of insomnia. Low doses of clo-
zapine (mean dose 26   mg at bedtime) were reported to 
improve nocturnal akathisia and rest tremor with no 
serious side effects observed (Class IV:  [324] ). 

 An open - label study (Class III:  [249] ) showed a reduc-
tion in the frequency of nocturnal voids with bedtime 
desmopressin (nasal spray) in PD patients with nocturia. 
However, desmopressin treatment is not advised in the 
elderly. 

  Deep brain surgery    Several open - label studies (Class 
III:  [325 – 330] ) concluded that subthalamic nucleus 
stimulation consistently improves sleep duration and 

 Recommendations 
  Treatment of  s leep  p roblems in  PD  
     •      Add a bed - time intake of a standard or slow - release dose 

of levodopa (Level B).  

   •      Transdermal rotigotine, pramipexole, and prolonged -
 release ropinirole improve sleep quality in advanced PD 
patients with motor fl uctuations (Level A).  

   •      Subthalamic nucleus deep brain stimulation improves sleep 
quality in advanced PD patients except for nocturnal 
motor phenomena of sleep disorders (Level B).     

  Need of  u pdate 
 No later than 2013.  
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circumstances as clinical presentation of the individual 
patient and available resources should be taken into 
account. Cost - effectiveness is not discussed, as hetero-
geneity across Europe will result in different, country -
 specifi c, conclusions.  

  Background 

 Dementia affects 5.4% of the over - 65s and its prevalence 
further increases with age  [3] . AD is responsible for 
the majority of cases. The European Collaboration on 
Dementia, co - ordinated by Alzheimer Europe, found 
there were currently 8.45 million people in Europe with 
AD. Dementia causes a signifi cant fi nancial burden to 
society, estimated at  ! 141 billion of annual cost for the 
whole of Europe, of which 56% are the costs of informal 
care. The costs per person with dementia was about 
 ! 21 000 per year, while disability caused by the illness is 
estimated at 350 disability - adjusted life years (DALYs) 
per 100 000 persons, compared to 247 caused by diabetes 
 [4] . With increasing longevity, numbers of people with 
dementia are set to double in the next 30 years  [3] . AD 
with early onset (  65 years) merits special consideration 
because of its greater genetic predisposition, and its dif-
fering clinical and cognitive profi le and course, which is 
characteristically more aggressive than in late - onset 
cases. In addition subjects may still be working and of 
childbearing age. Early - onset AD, therefore, poses par-
ticular management issues. 

 Clinical AD is often preceded by a phase called 
mild cognitive impairment (MCI) in which there are 
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   Objectives 

 The objective of the task force set up in 2008 was to revise 
previous European Federation of Neurological Societies 
(EFNS) recommendations on the diagnosis and manage-
ment of Alzheimer ’ s disease (AD)  [1] . The previous 
guideline refl ected Diagnostic and Statistical Manual, 4th 
edition (DSM IV) and National Institute of Neurological, 
Communicative Disorders and Stroke  –  Alzheimer ’ s 
Disease and Related Disorders Association (NINCDS -
 ADRDA) criteria for dementia syndrome and AD. In 
the revised guideline special attention was given to 
whether further evidence had become available for bio-
markers of disease, such as magnetic resonance imaging 
(MRI), positron emission tomography (PET) and cere-
brospinal fl uid (CSF), that have been proposed to 
increase the confi dence of the clinical diagnosis  [2] . 
Special attention was given to results of recent clinical 
trials in AD, both for cognitive and behavioural aspects 
of the disease. Because AD is the focus of this guideline, 
non - Alzheimer ’ s dementias such as vascular (VaD), 
frontotemporal (FTLD), Parkinson ’ s disease dementia 
(PDD), dementia with Lewy bodies (DLB), corticobasal 
degeneration (CBD), progressive supranuclear palsy 
(PSP), Creutzfeldt - Jacob (CJD), and others will be dealt 
with separately. This guideline represents desirable stan-
dards to guide practice, but may not be appropriate in all 
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primary degenerative and secondary dementias and 
comorbidities  [1] . There exist no evidence - based data to 
support the usefulness of specifi c routine blood tests for 
evaluation of those with dementia but these are useful in 
excluding comorbidities. Most expert opinion advises 
to screen for vitamin B12, folate, thyroid - stimulating 
hormone, calcium, glucose, complete blood cell count, 
renal and liver function abnormalities. Serological tests 
for syphilis, Borrelia, and HIV should be considered in 
individual cases at high risk or where there are suggestive 
clinical features.  

  Assessment of  c ognitive  f unctions 
 There are two main reasons for neuropsychological 
assessment in AD: (1) the diagnosis of dementia requires 
evidence of multiple cognitive defects; (2) initial stages 
of all principal forms of dementia have a selective ana-
tomical localization refl ected by typical patterns of neu-
ropsychological impairment. Screening tests are used to 
assess cognitive functions globally to identify patients 
who require more detailed investigation. This is then 
undertaken with a battery of neuropsychological tests 
which should evaluate memory, executive functions, lan-
guage, praxis and visual - spatial abilities. The most widely 
used  screening test  (Class I) is the Mini - Mental State 
Examination (MMSE), in which standard cut - off score 
(24) should be increased to 27 in highly educated indi-
viduals  [7]  and lowered in patients whose native tongue 
is another language or with low education. Patients with 
early AD fail mainly in orientation and memory tasks, 
whereas FTLD individuals exhibit early impairment in 
speech, and DLB patients may be affected in visuospatial 
components (pentagons)    [8] . Other neuropsychological 
or clinical screening instruments reported in Table  16.1  
provide an equal or greater accuracy in the diagnosis of 
AD (Class III).   

  Memory functions  Memory, especially episodic memory, 
should be systematically assessed (Class I), because it is 
the function most commonly impaired early in AD as 
consequence of mesial temporal lobe atrophy (entorhinal 
cortex, hippocampus) which disables consolidation. 
Retrieval, which depends on frontal lobe and subcortical 
structures, is less affected. This can be clarifi ed by cuing 
as applied in California Verbal Learning Test (CVLT)  [9]  
or Buschke Free and Cued Selective Reminding test 
(FCSRT), to distinguish patients at an early stage of AD 

complaints and objective impairments in one or more 
cognitive domains, but with preserved activities of daily 
living (ADL) ( [5] . The panel decided not to review MCI 
syndrome extensively since discussions around the noso-
logical status of MCI and its relationship to AD are 
ongoing.  

  Search  s trategy 

 The evidence for this guideline was collected from 
Cochrane Library reviews, meta - analyses and systematic 
reviews, and original scientifi c papers published in peer -
 reviewed journals before May 2009 accessed using the 
MEDLINE database. The scientifi c evidence was evalu-
ated according to pre - specifi ed levels of certainty (classes 
of evidence I, II, III, and IV) by the expert group members, 
and the recommendations were graded according to the 
strength of evidence (Level A, B, or C), using the defi ni-
tions given in the EFNS guidance  [6] . In addressing 
important clinical questions, for which no evidence was 
available, Good Practice Points were recommended 
based on the experience and consensus of the expert task 
force group.  

  Reaching of the  c onsensus 

 A proposed guideline with specifi c recommendation was 
drafted for circulation to task force members and dis-
played on EFNS web pages for comments from all panel 
members. Consensus was reached at three task force 
meetings during 2009.  

  Results 

  Clinical  d iagnosis:  m edical  h istory, 
 l aboratory,  n eurological and 
 p hysical  e xamination 
 The history, from the patient and a close informant, 
should focus on the affected cognitive domains, the 
course of the illness, and the impact on ADL and any 
associated non - cognitive symptoms. Past medical history, 
comorbidities, family and educational history are impor-
tant. The neurological and general physical examination 
is particularly important in distinguishing AD from other 
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 et al . found that cued recall test was the best predictor of 
mild AD  [13] . High values of sensitivity and specifi city 
have also been obtained by Salmon  et al .  [14]  with the 
delayed recall from the  ‘ Logical Memory ’  test or in the 
 ‘ 5 - word ’  test  [15] . 

  Semantic memory    (category fl uency test, pictures naming 
task, word and picture defi nition) testing may confi rm 
defi cits in AD or more prominently in semantic 
dementia  [16] . 

  Executive functions    A predominance of executive dys-
function over episodic memory impairment is typical for 

from other subjects  [10] . The Rey Auditory Verbal 
Learning Test (RAVLT) can distinguish between patients 
with AD and those without dementia, or between AD 
and other forms of dementia with a diagnostic accuracy 
of 83 – 86%  [11] . In particular, a very severe impairment 
(0 score) on RAVLT delayed free recall has a very high 
(97%) specifi city for AD (Class I)  [11] . A less severe score 
can raise diagnostic problems, since it can be due to 
defective encoding resulting from depression, anxiety, or 
attentional defi cit. A comparison between free recall and 
cued recall revealed different results in mild AD patients. 
Vogel  et al . found that cued and free recall had the same 
values of sensitivity and specifi city  [12] , whereas Ivanoiu 

  Table 16.1    Neuropsychological instruments 

   Screening test     Sensitivity     Specifi city     [Ref]  

  MMSE    80 – 85%    76 – 80% (Demented vs non - demented very old patients)     [24]   
  7 Minutes    93%    93% (AD vs various forms of depression and dementia)     [25]   
  ACE    94%    89% (AD vs NC and other forms of dementia)     [26]   
  MOCA    90%    90% (Mild AD vs MCI and NC)     [27]   
  Mattis D.R.S.    85%    85% (AD vs FTD)     [28]   
  Clock Drawing    67%    97% (Very mild AD vs NC)     [29]   
  CERAD Battery    80%    81% (Mild AD vs MCI and NC)     [30]   
  5 Words test    91%    87% (AD vs functional memory disorders)     [15]   

    Assessment of specifi c cognitive domains  
   Episodic memory   
  Logical memory    89% (free recall)    87% (very mild AD vs NC)     [14]   
  FCSRT    80% (free and cued recall)    90% (MCI converters vs non - converters)     [10]   
  CVLT    50% (free and cued recall)    98% (Mild AD vs MCI and NC)     [9]   
  Category Cued Recall    88%    89% (Very mild AD vs NC)     [12]   
  RAVLT    50% (0 score)    97% (AD vs other forms of dementia)     [11]   

   Semantic memory (category fl uency)   
  Language (Naming)             [16]   
  Graded Naming             [21]   
  Boston Naming    Overall accuracy: 77% (AD vs NC)     [20]   

   Visual - spatial abilities   
  BVRT             [22]   

   Executive functions   
  Verbal fl uency tests             [16]   
  WCST             [17]   
  TMT             [18]   
  Stroop test             [19]   

   MMSE    Mini - Mental State Examination; ACE    Addenbrooke ’ s Cognitive Examination; MOCA    Montreal Cognitive Assessment; 
FCSRT    Free and Cued Selective Reminding test; CVLT    California Verbal Learning Test; RAVLT    Rey Auditory Verbal Learning Test; 
BVRT    Benton Visual Retention Test; CST    Wisconsin Card Sorting test; TMT    Trail Making test; AD    Alzheimer ’ s disease; MCI    mild 
cognitive impairment; FTD    fronto - temporal dementia; NC    normal controls.   
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  Assessment of  b ehavioural and 
 p sychological  s ymptoms 
 The term  ‘ behavioural and psychological symptoms of 
dementia ’  (BPSD) is used to describe the spectrum of 
non - cognitive symptoms of dementia (apathy, psychosis, 
affective and hyperactive behaviours)  [33] . Identifi cation 
of neuropsychiatric symptoms is essential since BPSD 
occur in the majority of persons with dementia over the 
course of the disease, and in 35 – 75% of MCI patients 
 [34]  (Class I). BPSD are associated with declining cogni-
tive and functional ability  [34] , decreased quality of life, 
and increased institutionalization. Somatic comorbidity 
and environmental triggers should be ruled out as a pos-
sible cause. Several global reliable and validated scales are 
used to assess BPSD and their change as a result of treat-
ment  [35] . They rely on the report of an informant and 
include the Neuropsychiatric Inventory (NPI), and the 
Behaviour Rating Scale for Dementia of the CERAD 
(CERAD – BRSD)  [36] . For assessing treatment effects the 
change in scales representing a clinically meaningful 
improvement has not been established. More focused 
scales evaluating agitation or depression in dementia are 
also available  [36] . The Cornell Scale for Depression in 
Dementia (CSDD) is based on combined caregiver and 
patient interviews. The 15 - item Geriatric Depression 
Scale (GDS - 15) has also been validated for use in AD, but 
the CSDD appears to be a more sensitive and specifi c tool 
for detecting depression independently of the severity of 
dementia  [37] .  

  Assessment of  c omorbidity 
 AD patients commonly have comorbid medical condi-
tions such as depression, cardiovascular and pulmonary 
diseases, infections, arthritis, other neurological disor-
ders, sleep disturbances, falls and incontinence, and drug -
 related adverse effects, especially in older patients. There 
is a strong association between medical conditions and 
impaired cognitive status in AD and the prompt identi-
fi cation and treatment of the associated medical illnesses 
at the time of diagnosis and throughout the disease 
evolution may improve cognition in AD patients  [38] .  

  Neuroimaging 
 Structural imaging in the diagnostic work - up of AD 
serves two purposes: it excludes other, potentially surgi-
cally treatable diseases and includes specifi c fi ndings 
for AD. 

FTLD and VaD (Class III) and is more frequent in early 
onset AD. Decreased fl uency on verbal fl uency tests, per-
severations on the Wisconsin card sorting test (WCST) 
 [17] , reduced speed of processing on the Trail Making 
test (TMT)  [18] , and defects in inhibiting automatic 
responses on the Stroop test  [19]  may be caused by sub-
cortical or frontal lesions  [18, 19] . 

  Language  (speech comprehension and production, 
reading, and writing)  praxis and visual - spatial abilities  
can be variably affected according to type and stage of 
dementia suggesting for prominent cortical involvement. 
Boston Naming test  [20]  or the Graded Naming test  [21]  
are frequently impaired in the earliest stages of AD. High 
number of errors on the Benton Visual Retention Test 
(BVRT) can predict the development of AD more than a 
decade before diagnosis  [22] . 

 Studies of apraxia are remarkably few in AD, but a 
signifi cant relationship has been found between apraxia 
severity and dependency in ADL  [23] . 

 The ADAS cog is an 11 - item cognitive test battery that 
has been particularly useful for detecting changes in 
severity of AD, mainly in clinical trials, but it is not useful 
for diagnostic purposes.  

  Assessment of  a ctivities of  d aily  l iving 
 Functional decline is required for the diagnosis of 
dementia. It also allows evaluation of the need for per-
sonal and institutional care. ADL are divided into basic 
(e.g. bathing, toileting) and instrumental (e.g. shopping, 
handling fi nances), the latter being more vulnerable to 
cognitive decline early in the course of the disease. There 
is no  ‘ gold standard ’  available for ADL assessment. Out 
of 12 systematically reviewed scales the informant - based 
questionnaires the Disability Assessment for Dementia 
(DAD) and the Bristol ADL are among the most useful, 
though their overall psychometric properties were still 
only of moderate quality  [31] . ADL are refl ected in the 
Clinical Dementia Rating (CDR) scale which is widely 
used for rating of dementia severity. The Blessed Roth 
Dementia Scale and the Informant Questionnaire on 
Cognitive Decline in the Elderly are also helpful in detec-
tion of dementia  [1] . The AD8 is a brief, sensitive, infor-
mant - based questionnaire that reliably differentiates 
between non - demented and demented individuals. The 
respondent rates change (yes versus no) in memory, 
problem - solving abilities, orientation, and ADL  [32] .  
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dardized acquisition and analysis methods are used since 
results and interpretation of DAT scans may otherwise 
vary  [46] . FDG - PET has become a practically applicable 
tool since the wide distribution of PET CT machines. It 
may reveal specifi c abnormalities in AD by showing 
reduced glucose metabolism in the parietal and superior/
posterior temporal regions, posterior cingulate cortex, 
and precuneus. In advanced stages of AD, frontal lobe 
defects are also seen.  18 FDG - PET has been reported to 
have a sensitivity of 93% and a specifi city of 63% in 
predicting a pathological diagnosis of AD (Class II)  [47] . 
FDG - PET is particularly useful in the differential diagno-
sis of AD towards other dementias with specifi city higher 
than 95% in early - onset cases  [48] . Based on the study 
by Foster  et al .  [49]  FDG - PET is reimbursed in the USA 
for the distinction between AD and FTD only. A very 
promising development is the possibility of imaging 
amyloid with new PET ligands. As of yet these are not 
available for routine use.  

  Electroencephalography ( EEG ) 
 The EEG may help to differentiate between AD, subjec-
tive complains, and psychiatric diagnoses. EEG is recom-
mended in differential diagnosis of atypical clinical 
presentations of AD. It can also provide early evidence 
for CJD or suggest the possibility of a toxic - metabolic 
disorder, transient epileptic amnesia, or other previously 
unrecognized seizure disorder. Even though reduced 
alpha power, increased theta power, and lower mean fre-
quency are characteristic for AD patients, EEG can be 
normal early in the course of the disease in up to 14% of 
cases. In different studies, the diagnosis accuracy of EEG 
for AD patients versus healthy control subjects with 
similar demographic characteristics varied widely, with 
diagnosis odds ratios between 7 and 219  [50] . EEG with 
only diffuse abnormalities argues for AD, EEG with both 
diffuse and focal changes suggests AD or other forms of 
dementia  [51] .  

   CSF   a nalysis 
 Routine CSF cell count, protein, glucose, and protein 
electrophoresis assessment is mandatory when vasculitis, 
infl ammatory, haematologic, or demyelinating disease is 
suspected and in cases of suspected CJD in differentiation 
with AD. 

 The elevation of the 14 - 3 - 3 protein refl ects acute neu-
ronal loss and supports diagnosis of CJD  [52]  (Class II), 

 For the former, computed tomography (CT) and mag-
netic resonance imaging (MRI) perform as well and most 
current guidelines agree that such an imaging procedure 
should be carried out once in every patient. However, 
MRI is more sensitive to subtle vascular changes (strate-
gic infarcts for instance) and to changes that may indicate 
specifi c conditions such as multiple sclerosis, PSP, mul-
tiple - system atrophy, CBD, prion disease, FTLD (for 
review see  [39] ). For practice purposes a standard MR 
protocol involving at least coronal T1 and axial T2 or 
FLAIR sequences should be used. Contrast is not indi-
cated. Of note, vascular changes seen on CT or MRI need 
not preclude a diagnosis of AD, especially in older age, 
but should prompt adequate evaluation and treatment of 
cardiovascular risk factors. 

 Hippocampal atrophy is best seen on MRI but may 
also be visualized on the more modern type CT scanner 
 [40]  and yields sensitivity and specifi city values between 
80 and 90 % in most studies  [39 – 41]  (Class II). Since 
the previous guideline only one prospective study has 
been performed examining the added value of hippo-
campal atrophy on MRI in the diagnosis of AD with 
postmortem verifi cation  [42] . However, being a single -
 centre, small study in a selected population it just fails 
Class I evidence. 

 AD patients with early age of onset often present with 
complaints and cognitive defi cits other than memory 
impairment  [43] . Several structural MRI studies localize 
the pattern of the atrophy in early - onset AD to more 
posterior regions, with prominent involvement of the 
precuneus and posterior cingulate cortex  [44] . 

 In addition, MRI may be useful to monitor changes 
over time and may aid the clinician in following the 
disease process and explaining it to the patient (GPP). 

 Functional neuroimaging (i.e. fl uorodeoxy - glucose -  
[FDG - ] PET and single photon emission computed 
tomography [SPECT]) may increase diagnostic confi -
dence in the evaluation of dementia. In a clinical - 
pathological study, a positive perfusion SPECT scan 
raised the likelihood of AD to 92%, whereas a negative 
SPECT scan lowered the likelihood to 70%. SPECT was 
more useful when the clinical diagnosis was  ‘ possible ’  
AD, with the likelihood of 84% with a positive SPECT, 
and 52% with a negative SPECT  [45] . Dopaminergic 
SPECT imaging (FP - CIT or DATScan) is useful to dif-
ferentiate AD from DLB with sensitivity and specifi city 
around 85% (Class I). Care should be taken that stan-
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have been investigated in AD, including analysis of DNA 
damage and repair, autophagy, proteomic analysis, oxi-
dative processes, ionic channels and transduction, APP 
levels, and intracellular calcium regulation. However, 
these studies, while potentially informative about the 
disease process, are presently not of clinical use. Skin and 
muscle biopsy are used in cerebral autosomal dominant 
arteriopathy with subcortical infarcts and leukoencepha-
lopathy (CADASIL) diagnosis. Brain biopsy may have a 
role in the diagnosis of dementia where a treatable disease 
cannot be excluded by other means. However, it has been 
shown that information obtained at biopsy affected treat-
ment in only 11% of cases biopsied for the suspicion of 
an infectious or infl ammatory aetiology, though the role 
of brain biopsy may increase as disease - modifying thera-
pies become available  [63] .     

while high to very high levels of total tau yield high speci-
fi city for CJD  [53, 54] . In AD, decreased levels of beta -
 amyloid 42 (A  42) and increased total - tau or phospho - tau 
in CSF are frequently found. The pooled sensitivity and 
specifi city for A  42 in AD versus controls from 13 studies 
involving 600 patients and 450 controls were 86% and 
90%  [55] . For total - tau, the sensitivity was 81% and the 
specifi city 90%, pooled from 36 studies with 2,500 
patients and 1,400 controls. Across 11 studies with a total 
of 800 patients and 370 controls, phospho - tau had a 
mean sensitivity of 80% and specifi city was set at 92%, 
but sensitivities varied widely among studies using differ-
ent methods. Combined assessment of A  42 and total -
 tau revealed sensitivities (85 – 94%) and specifi cities 
(83 – 100%) in AD versus controls  [55]  (Class I). 

 Specifi city of these markers for AD has been lower 
(39 – 90%) in differential to the other dementias in clinic -
 based series  [56] , which may relate to the presence of 
comorbid AD pathology  [57]  (Class III). 

 There are considerable differences in absolute concen-
trations of these markers between laboratories, even 
when the same kit is used  [58, 59] . Before CSF can be 
widely accepted as a reliable tool a consensus for process-
ing and handling of the samples is needed  [58] .  

  Genetic  t esting 
 The genetics of dementia is complex and genetic testing 
is associated with many ethical concerns. APP, PS1, and 
PS2 gene mutations explain 50% of the familial form of 
early - onset AD  [60] . The ApoE   4 allele is the only 
genetic factor consistently implicated in late - onset AD, 
but it is neither necessary nor suffi cient for development 
of the disease  [61] . Hence, there is no evidence to suggest 
ApoE testing is useful in a diagnostic setting. Autopsy 
diagnosis in familial dementias can be valuable for sub-
sequent diagnosis and counselling. Testing of patients 
with familial dementia and of unaffected at - risk relatives 
should be accompanied by neurogenetic counselling and 
undertaken only after full consent and by specialist 
centres. Pre - symptomatic testing may be performed in 
at - risk member of family - carrying mutation. It is recom-
mended that the Huntington ’ s disease protocol is fol-
lowed for pre - symptomatic testing  [62] .  

  Other  i nvestigations 
 A number of non - nervous tissue specimens (mostly 
fi broblasts, platelets, olfactory and vascular epithelium) 

 Recommendations 
  Diagnosis 
     •      Clinical history should be supplemented by an informant 

(Level A). A neurological and physical examination should 
be performed in all patients with dementia (GPP). ADL 
impairment due to cognitive decline is an essential part of 
the diagnostic criteria for dementia and should be 
assessed in the diagnostic evaluation (Level A).  

   •      Several informant - based questionnaires are available and 
should be used where possible (GPP).  

   •      Cognitive assessment should be performed in all patients 
(Level A). Quantitative neuropsychological testing should 
be made in patients with questionable or very early AD 
(Level B). The assessment of cognitive functions should 
include a general cognitive measure and more detailed 
testing of the main cognitive domains, and in particular an 
assessment of delayed recall (Level A). In patients with 
moderate memory impairment cued recall could be more 
appropriate than free recall (Level B).  

   •      Assessment of BPSD should be performed in each patient 
(Level A). Information should be gathered from an 
informant using an appropriate rating scale (GPP).  

   •      Assessment of comorbidity is important in AD patients, 
both at the time of diagnosis and throughout the course 
of the illness (GPP) and should always be considered as a 
possible cause of BPSD (Level C). Blood levels of folate, 
vitamin B12, thyroid - stimulating hormone, calcium, 
glucose, complete blood cell count, renal and liver 
function tests should be evaluated at the time of 
diagnosis and serological tests for syphilis, Borelia, 
and HIV might also be needed in cases with atypical 
presentation or clinical features suggestive of these 
disorders (GPP).  
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benefi t patients ’  daily functioning and reduce the need 
for informal care  [66]  (Class II). Medico - legal issues need 
to be addressed, with driving often needing prompt 
attention and action taken according to the legal frame-
work operating in that particular country. Caregiver 
support should consist of education about AD, and 
attending peer support groups may be helpful. Caregiver 
stress and depression are common and, if present, more 
intensive caregiver support and counselling and/or spe-
cifi c treatment for depression may be needed. The provi-
sion of a standard education and support package to 
caregivers has been shown in randomized controlled 
trials (RCT) to decrease psychiatric symptoms in caregiv-
ers and lead to delays in institutionalization for patients 
 [67, 68]  (Class I). Management should include clear 
arrangements for follow - up, as regular monitoring 
of medication response and adverse effects, as well as 
changes in the severity of dementia (using scales like the 
MMSE), should be undertaken. Reassessment for devel-
opment of comorbidity (including carer stress) should be 
an integral part of management. 

  Primary  p revention of  AD  
 This refers to the prevention of subsequent dementia in 
cognitively normal subjects and is the ultimate goal for 
AD management. Several risk factors have been well 
established for AD, though some (such as age, sex, and 
genotype) are not modifi able. Potentially modifi able 
risk factors that have been established through several 
epidemiological studies include vascular risk factors 
(hypertension, smoking, diabetes, atrial fi brillation, and 
obesity) and head injury, while protective factors 
described include use of antihypertensives, non - steroidal 
anti - infl ammatories, statins and hormone replacement 
therapy, high education, diet, physical activity, and 
engagement in social and intellectual activities. However, 
whether modifying these factors will reduce risk of demen-
tia is not yet known. A meta - analysis concluded that there 
is no good evidence to recommend statins for reducing 
the risk of AD  [69] , while results of the large, prospective, 
placebo - controlled  ‘ Women ’ s Health Initiative Memory 
Study ’  showed that the use of oestrogen plus progestin 
in post - menopausal women was actually associated with 
a signifi cantly increased risk of dementia  [70]  (I). 

 Treatment of hypertension for prevention of demen-
tia, including AD, has been the best - studied risk factor to 
date. However, most RCTs have been stopped early 

  Management of Alzheimer ’ s  d isease 

 The fi rst step in AD management is accurate recognition 
and diagnosis of the disorder, and then disclosing that 
diagnosis in a sensitive and timely way to the patient and 
others as appropriate. Disclosure of diagnosis is not 
harmful, and actually decreases depression and anxiety 
in patients and their caregivers  [64]  (Class II). The vast 
majority of patients with mild dementia wish to be fully 
informed and 75% of caregivers wish their relative to be 
informed  [65] . Differences among ethnic, cultural, and 
religious groups may infl uence how and what disclosure 
occurs. It offers the patient opportunity to pursue desired 
activities and maximizes individual autonomy and choice 
by providing information necessary for decision making 
and advance planning, including the decision to give 
informed consent to research projects and autopsy. At 
time of diagnosis several issues need to be addressed, 
including the provision of high - quality, understandable 
information about the illness and its course to patient 
and caregiver, a careful assessment for any comorbidities, 
and consideration given to other services that may be 
required, including social services, mental stimulation, 
occupational therapy, physiotherapy, speech and lan-
guage therapy (Class IV). Occupational therapy can 

   •      CT and MRI may be used to exclude treatable causes of 
dementia. Multislice CT and coronal MRI may be used to 
assess hippocampal atrophy to support a clinical diagnosis 
of AD (Level B). FDG - PET and perfusion SPECT are useful 
adjuncts when diagnosis remains in doubt (Level B). 
Dopaminergic SPECT is useful to differentiate AD from 
DLB (Level A). Follow up with serial MRI is useful in a 
clinical setting to document disease progression (GPP).  

   •      EEG is recommended in differential diagnosis of atypical 
clinical presentations of AD (GPP) and when CJD or 
transient epileptic amnesia is suspected (Level B).  

   •      Routine CSF analysis is recommended in differential 
diagnosis for atypical clinical presentations of AD (GPP). 
CSF 14 - 3 - 3 or total tau measurement are recommended 
for the identifi cation of CJD in patients with rapidly 
progressive dementia (Level B). Alterations in CSF total 
tau, phospho - tau, and A  42 support diagnosis of AD 
(Level B).  

   •      Screening for known pathogenic mutations can be 
undertaken in patients with appropriate phenotype or a 
family history of an autosomal dominant dementia. 
Routine Apo E genotyping is not recommended.     
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months), though 1 -  and 3 - year studies have been reported 
with donepezil, which suggest the benefi ts of ChEIs con-
tinue in the longer term (Class I). Retrospective analysis 
and some long - term open studies suggest a possible effect 
of ChEIs on disease modifi cation, but more data are 
needed before this can be confi rmed  [74] . RCTs of ChEIs 
in more severe AD (MMSE        10) have also shown posi-
tive results  [75, 76]  and a Cochrane review concluded 
that trials supported evidence of benefi t in mild, moder-
ate, and severe AD  [77] . In light of current evidence, 
limiting prescribing of ChEIs to only some AD subjects 
according to certain cut - offs on a measure such as the 
MMSE, as operated in many countries, does not seem 
justifi ed. Although a point will be reached in severe AD 
when ChEIs are unlikely to continue to have benefi t, it is 
currently unclear at what point in the disease process 
ChEIs should be withdrawn. 

 ChEIs are generally well tolerated, although common 
gastrointestinal adverse effects such as nausea, diarrhoea, 
and vomiting may sometimes lead to discontinuation of 
treatment in some patients. There have been few direct 
comparisons between ChEIs, and those which have been 
undertaken have been small in size and have not pro-
duced consistent evidence of better effi cacy of one drug 
over another (Class II). There is some evidence from 
open - label studies that patients who do not tolerate or 
do not seem to benefi t from one ChEI may tolerate or 
draw benefi t from the other (Class III). One of the ChEIs, 
rivastigmine, is now available in a transdermal (patch) 
formulation which appears to have lower incidence of 
side effects than oral administration but equal effi cacy 
 [78]  (Class I). 

 A disease - modifying effect of ChEIs has been pro-
posed, and has some basic scientifi c support, but no 
convincing clinical data, either from trials of clinical end-
points or of those using biomarkers, has yet been forth-
coming to support these claims (Class IV). 

 Effects on non - cognitive behavioural and psychologi-
cal symptoms of dementia (BPSD) have also been shown, 
though as with cognition effect sizes are modest (Class 
I). There remains uncertainty as to which particular non -
 cognitive symptoms may respond best, though effects on 
psychosis and apathy are consistently reported (Class II). 
Effects on agitation are less clear, and a large placebo -
 controlled RCT in moderate to severe AD failed to show 
an effect of donepezil on patients with clinically signifi -
cant agitation  [79]  (Class I).  

because cardiovascular endpoints were reached, meaning 
they were underpowered to detect differences in rates of 
dementia. A study of treating hypertension in the very 
old (HYVET) reached similar conclusions, and con-
tained a meta - analysis of all studies supporting a signifi -
cant risk reduction  [71]  (I). However, the period over 
which treatment needs to be given is not known, nor has 
it been established whether treating vascular risk factors, 
including hypertension, in those with established AD 
affects disease progression. Currently, no clear recom-
mendations about dementia prevention can be made.  

  Secondary  p revention of  AD  
 This refers to the prevention of development of AD in 
non - demented subjects with some evidence of cognitive 
impairment. The groups most often studied in this 
regard are those with MCI, and several RCTs of cholin-
esterase inhibitors (ChEIs) have been undertaken in 
MCI, most using  ‘ conversion ’  to dementia as the primary 
outcome. A meta - analysis included eight studies involv-
ing all three ChEIs, with duration of treatment ranging 
from 16 weeks to 3 years  [72] . There were no differences 
in rate of conversion to AD between active and placebo 
groups, and most secondary outcomes were also negative 
(Class I). There have also been negative studies of aspirin 
in primary prevention of cognitive decline and of anti -
 infl ammatories and vitamin E in MCI (Class I). A large 
study showed no effect of Ginkgo on preventing AD  [73]  
(Class I). Therefore, no treatments have demonstrated 
effi cacy for preventing or delaying development of AD in 
MCI subjects until now, while evidence exists that ChEIs, 
Vitamin E, Ginkgo biloba, and anti - infl ammatories are 
not substantively helpful.  

  Treatment of  e stablished  AD  

  Cholinesterase  i nhibitors 
 There have been several well - conducted, placebo - con-
trolled, large - scale RCTs with the three ChEIs, donepezil, 
rivastigmine, and galantamine, which have shown effi -
cacy on cognitive function, global outcome, and ADL 
in patients with mild to moderate AD (Class I), usually 
defi ned as MMSE between 16 and 26. Mean global 
improvement over placebo is 3 – 4 points on the ADAS -
 Cog, a level of improvement roughly equivalent to the 
naturalistic decline expected over a 6 - month period. 
Most studies have been of relatively short duration (6 
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meta - analysis concluded that the evidence that Ginkgo 
biloba has predictable and clinically signifi cant benefi t 
for people with dementia or cognitive impairment 
is inconsistent and unreliable  [85]  (Class I). However 
two Class I studies  [86, 87]  demonstrating positive 
effects were omitted because of signifi cant heterogeneity 
between the trials. Further evidence is needed before effi -
cacy for Ginkgo can be clearly established. 

 Many other compounds, such as piracetam, nicergo-
line, selegiline, vinpocetine, pentoxyphylins, and Cere-
brolysin are prescribed in some countries as treatments 
for AD. For example, a recent Cochrane review of pirace-
tam, one of the most widely studied drugs to date, found 
poor study design, possible publication bias, and that 
overall the evidence from trials did not support the use 
of piracetam in people with dementia or cognitive impair-
ment  [88] . A review of six Cerebrolysin trials  [89]  found 
an effect on global outcome but no consistent effect on 
other scales. Further evidence is therefore required before 
its use can be recommended. Similarly, a Cochrane 
review of selegiline found no evidence for its effi cacy in 
AD  [90] . At present, therefore, there is no convincing 
evidence for effi cacy of any of these drugs for AD. 

 There is much interest in the use of cognitive therapies 
in AD. Preliminary studies seem to suggest a benefi cial 
effect of cognitive stimulation, also known as Reality Ori-
entation (see  www.nice.org.uk , dementia guideline (no. 
42) for comprehensive review). More studies are needed 
before it can be classifi ed as Class I evidence, but in indi-
vidual cases the clinician may decide to try this form of 
therapy (GPP). 

 There are many ongoing clinical studies aimed at 
modifying the underlying disease process, including 
international trials of passive and active amyloid immun-
isation  [91]  and of the drug Dimebon  [92] . However, 
recommendations about the usefulness of these and 
other agents must await fi nal results from rigorous Phase 
III studies.   

  Treatment of  b ehavioural and 
 p sychological  s ymptoms ( BPSD ) 
 Management of BPSD begins with a careful search for 
trigger and/or exacerbating factors, including environ-
mental cues, physical problems (infections, constipa-
tion), medication, and depression or psychosis. As 
studies of BPSD indicate a high placebo response, safe 
non - pharmacological management (education, exercise, 

  Memantine 
 Memantine, a non - competitive N - Methyl - D - Aspartate 
(NMDA) receptor antagonist, also has been subject to 
several RCTs in AD. Studies in moderate to severe AD 
have been more consistently positive than those in mild 
to moderate AD; previous reviews of the literature have 
concluded that while there is a signifi cant effect in cogni-
tion at all severities, but effects on global outcome, ADL 
and behaviour were only apparent in the moderate to 
severe studies  [80]  (Class I). Once - daily dosing has been 
shown to be as effective as the original recommendation 
of administration twice daily (Class I)  [81] . Modest 
effects on behaviour were also found in a pooled analysis 
of six studies which included all those with MMSE  20, 
with delusions, agitation/aggression, and irritability 
being the most responsive symptoms  [82]  (Class II), 
though studies of subjects primarily selected for the pres-
ence of these behavioural features have not yet been 
reported. 

 The benefi ts of adding memantine to ChEIs are not 
clear; an early study of adding memantine to donepezil 
was positive, but a recent study of more than 400 subjects 
which added the drug or placebo to those stable on any 
of the three ChEIs showed no evidence of benefi t in either 
cognitive or non - cognitive symptoms  [83]  (Class I). 
Further studies are needed before clear recommenda-
tions can be made about the benefi ts of adding meman-
tine to ChEIs.  

  Other  d rugs and  i nterventions 
 Several other treatments have been suggested as poten-
tially benefi cial for AD, including non - steroidal anti -
 infl ammatory drugs (NSAIDs), oestrogens, and statins. 
A large, placebo - controlled RCT of vitamin E (1000 IU, 
twice a day over 2 years) in moderate AD was found to 
signifi cantly delay the time to a composite outcome of 
primary outcome measures, but a study in MCI has been 
negative and the conclusion of a Cochrane review is that 
there is insuffi cient evidence for the effi cacy of vitamin E 
in the treatment of AD or MCI  [84]  (Class I). Studies of 
steroidal, non - steroidal, and cyclo - oxygenase - 2 inhibi-
tors in AD and MCI have been negative, yet have had 
potentially serious side effects (Class I). Evidence - based 
data report studies of Ginkgo biloba extract (explicitly 
EGb 761), but there remains controversy about the role 
of the EGb 761 as studies to date have included mixed 
populations and have not been consistent in results. A 
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aromatherapy, sensory stimulation, personalized music) 
should be tried wherever possible in the fi rst instance, as 
symptoms may naturally resolve within a short time. The 
benefi cial effects of ChEIs and memantine for mild BPSD 
have been described above, but a recent RCT found 
donepezil did not help clinically signifi cant agitation in 
those with moderate to severe AD  [79] . Both conven-
tional and atypical antipsychotics reduce BPSD, with 
particular effects demonstrated for risperidone for agita-
tion/aggression and psychosis  [93, 94]  (Class I). However, 
antipsychotics have important and potentially serious 
side effects, most especially increased stroke risk, 
increased mortality, parkinsonism, and cognitive impair-
ment  [95] . They should be used with caution, at low 
dose, and for the shortest period needed only for those 
with moderate to severe symptoms causing distress, and 
after careful assessment of risk and benefi t and after dis-

 Recommendations 
  Management 
     •      Diagnosis of AD should be disclosed to the patient (and 

caregivers as appropriate) (Level B). Disclosure of diagnosis 
should be individually tailored. It should be accompanied by 
information and counselling, as well as useful contacts such 
as Alzheimer ’ s patient organizations. Patients and caregivers 
should be provided with education and support (Level A). 
Driving, medico - legal issues, and the need for other support 
services should be considered (GPP). If possible, physicians 
may encourage patients to draw up advance directives 
containing future treatment and care preferences (GPP).  

   •      There is insuffi cient evidence to support the use of any 
drugs purely for the primary prevention of dementia. ChEIs, 
vitamin E, ginkgo, and oestrogens should not be used as 
treatments for those with MCI (Level A).  

   •      In patients with AD, treatment with ChEIs (donepezil, 
galantamine, or rivastigmine) should be considered at the 
time of diagnosis, taking into account expected therapeutic 
benefi ts and potential safety issues (Level A). Benefi ts on 
cognitive and non - cognitive symptoms have been 
demonstrated in those with mild, moderate, and severe 
disease (Level A). Realistic expectations for treatment effects 
and potential side effects should be discussed with the 
patient and caregivers (GPP).  

   •      In patients with moderate to severe AD, treatment with 
memantine should be considered, taking into account 
expected therapeutic benefi ts and potential safety issues 
(Level A). Benefi ts on cognitive and non - cognitive symptoms 
are apparent, some non - cognitive symptoms (agitation, 

cussion with the caregiver and, where possible, the 
patient. There is no evidence that conventional agents are 
any safer in regard to risk of stroke or mortality than 
atypical agents  [96]  and they have a less established evi-
dence base and greater side effects. Low doses of antipsy-
chotics should be used with careful monitoring, and 
drugs prescribed for the minimum period required. 
When BPSD have settled, antipsychotics can be with-
drawn in most cases without re - emergence of BPSD, 
unless behavioural disturbance is still present  [97] . Evi-
dence for other drugs is limited; carbamazepine may help 
aggression  [98]  (Class II), though most studies of valpro-
ate have been negative  [99]  (Class II). Antidepressants, 
especially selective serotonin reuptake inhibitors (SSRIs), 
may be useful for depression in dementia and do not 
have the adverse anticholinergic effects of older tricyclics 
 [100]  (Class II).    

delusions) may respond better than others (Level B). Realistic 
expectations for treatment effects and potential side effects 
should be discussed with the patient and caregivers (GPP).  

   •      Regular patient follow - up, which should include scales like 
the MMSE to monitor response to treatment and disease 
progression, should be an integral part of management 
(GPP).  

   •      Aspirin should not be used as a treatment for AD (Level A), 
though it can be used in those with AD who also have 
other indications for its use (e.g. to prevent cardiovascular 
events). Vitamin E should not be used as a treatment for AD 
(Level A).  

   •      Currently, there is insuffi cient evidence to support the use of 
other agents, including anti - infl ammatory drugs, nootropics 
(including piracetam, nicergoline), selegiline, oestrogens, 
pentoxyphylin, or statins, and inconsistent evidence for EGb 
761 and Cerebrolysin in the treatment or prevention of AD 
(Level A).  

   •      Cognitive stimulation or rehabilitation may be considered in 
patients with mild to moderate AD (GPP). Occupational 
therapy can improve patients ’  functioning and reduce need 
for informal care (Level B).  

   •      Management of BPSD should begin with a careful search for 
triggers and causative factors (i.e. physical illness). Where 
possible, initial treatment should be non - pharmacological 
(Level C).  

   •      Antipsychotics should only be used for moderate or 
severe BPSD symptoms causing signifi cant distress, which 
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misdiagnoses are not infrequent  [4, 5] . This systematic 
review is an objective appraisal of the evidence regarding 
the diagnosis and clinical management of patients with 
ALS. The primary aim has been to establish evidence -
 based and patient -  and carer - centred guidelines, with the 
secondary aim of identifying areas where further research 
is needed.  

  Search  s trategy 

 From 2008 through September 2009, two investigators 
screened potentially relevant citations independently. 
We searched the Cochrane Central Register of Con-
trolled Trials (CENTRAL) (The Cochrane Library to 
date); MEDLINE - OVID (January 1966 on); MEDLINE -
 ProQuest; MEDLINE - EIFL; EMBASE - OVID (January 
1990 on); the Science Citation Index (ISI); the National 
Research Register; the Oxford Centre for Evidence - based 
Medicine; the American Speech Language Hearing Asso-
ciation (ASHA); the World Federation of Neurology ALS 
page of reviews of published research; the Oxford Text-
book of Palliative Medicine; and the UK Department of 
Health National Research Register ( http://www.update -
 software.com/ ). We also searched national neurological 
databases (e.g.  http://www.alsa.org  and  http://alsod.org ) 
and personal collections of references and reference lists 
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   Introduction 

 Amyotrophic lateral sclerosis (ALS; also known as motor 
neuron disease, or MND) is characterized by symptoms 
and signs of degeneration of the upper and lower motor 
neurons, leading to progressive weakness of the bulbar, 
limb, thoracic and abdominal muscles. Other brain func-
tions, including oculomotor and sphincter function, are 
relatively spared, although these may be involved in some 
patients. Cognitive dysfunction occurs in 20 – 50% of 
cases, and 5 – 15% develop dementia that is usually of 
frontotemporal type. Death due to respiratory failure 
follows on average 2 – 4 years after symptom onset, but a 
subgroup (approximately 10%) of patients may survive 
for a decade or more  [1] . The mean age of onset is 47 – 52 
years in familial and 58 – 63 years in sporadic cases of ALS 
 [2] . The life - time risk of developing ALS is about 1 in 
400 – 800, with male sex, increasing age, and hereditary 
disposition being the main risk factors  [2, 3] . When diag-
nosing and managing a patient with ALS, it is important 
to recognize that ALS is a heterogeneous syndrome that 
overlaps with a number of other conditions, and that 
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of signs in other affected regions and supportive fi ndings 
in ancilliary investigations  [9, 10] . The mean time from 
the onset of symptoms to confi rmation of the diagnosis 
of ALS is 13 – 18 months  [11, 12] . Delays tend to arise due 
to early or intermittent symptoms being unrecognized or 
denied by the patient or because of ineffi cient referral 
pathways to a neurologist. There are cogent reasons for 
making the diagnosis as early as possible. Psychologically, 
the lack of diagnosis, even of a disorder carrying a poor 
prognosis, causes distress and anxiety. Early diagnosis 
may save patients from undertaking onerous, unneces-
sary, and often expensive, tours of the healthcare system 
and allows them to better plan their future. Another 
motivator for early diagnosis is that it would give the 
chance of instigating neuroprotective therapies at an 
earlier stage in the disease process, when fewer neuronal 
cells are irreversibly compromised. Although no hard evi-
dence exists on the kinetics of cell loss in ALS, it is reason-
able to assume that the earlier neuroprotective medication 
is started, the greater its effect will be  [13] . Studies in 
experimental animal models and humans with  SOD1  
gene mutations indicate that the loss of motor neurons is 
preceded by a period of cellular dysfunction  [14] . In both 
patients and animal models, the life - prolonging effect of 
riluzole is greater the earlier medication is initiated. The 
early administration of potential disease - modifying drugs 
can have a profound positive psycho logical effect  [15] .   

 The objective here is to present guidelines for making 
the correct diagnosis  and  to do this as early as possible. 
Since no single investigation is specifi c for ALS, and there 
is still no sensitive surrogate disease biomarker, diagnosis 
is based on symptoms, clinical examination fi ndings, and 
the results of electrodiagnostic, neuroimaging, and labo-
ratory studies (tables  17.1  and  17.2 )  [16] . Great care 
should be taken to rule out diseases that can masquerade 
as ALS (table  17.3 )  [17, 18] . In specialist practice, 5 – 8% 
of apparent ALS patients have an alternative diagnosis, 
which may be treatable in about half the cases  [18 – 20] . 
An evolution of atypical symptoms and a lack of progres-
sion of typical symptoms are the most important  ‘ red 
fl ags ’  suggesting an incorrect diagnosis of ALS  [18] . The 
diagnosis should be regularly reviewed at different stages 
of the disease  [21] . The revised El Escorial criteria (table 
 17.4 , adapted from  [22] ) are too restrictive for use in 
routine clinical practice and are not suitable if the objec-
tive is to establish the diagnosis as early as possible 
 [23] . The new Awaji algorithm may improve diagnostic 

of articles. There were no constraints based on language 
or publication status. Any differences at any stage of the 
review were resolved by discussion. An earlier version of 
this report has already been published  [6] .  

  Results 

 Thirteen central issues in the management of ALS were 
addressed by the task force. The guidelines were prepared 
following the European Federation of Neurological Soci-
eties criteria  [7] , and the level of evidence and grade of 
recommendation are expressed in accordance with 
Brainen  et al .  [7] . Where there is a lack of evidence but 
consensus is clear, we have stated our opinion as Good 
Practice Points (GPP). 

  Diagnosing  ALS / MND  
 Diagnosing ALS is usually straightforward if the patient 
has progressive, generalized symptoms in the bulbar and 
limb regions (table  17.1 )  [8] . Diagnosing the disease  early  
in the disease course when the patient has limited symp-
toms in one or two regions (bulbar, upper limb, trunk, 
lower limb) may be diffi cult and depends on the presence 

  Table 17.1    Diagnostic criteria for  ALS . 

   The diagnosis of ALS requires the presence of: 
(positive criteria)   
  Lower motor neuron signs (including EMG features in clinically 

unaffected muscles)  
  Upper motor neuron signs  
  Progression of symptoms and signs  

   The diagnosis of ALS requires the absence of 
(diagnosis by exclusion):   
  Sensory signs  
  Sphincter disturbances  
  Visual disturbances  
  Autonomic features  
  Basal ganglion dysfunction  
  Alzheimer - type dementia  
  ALS  ‘ mimic ’  syndromes (Table  17.3 )    

   The diagnosis of ALS is supported by:   
  Fasciculations in one or more regions  
  Neurogenic changes in EMG results  
  Normal motor and sensory nerve conduction  
  Absence of conduction block  

   ALS, amyotrophic lateral sclerosis; EMG, electromyography.   



  Table 17.2    Diagnosing amyotrophic lateral sclerosis/motor neuron disease: recommended investigations. 

   Test     Evidence 
class  

   Recommended 
mandatory tests  

   Recommended additional 
tests in selected cases  

   Clinical chemistry               
   Blood               
  Erythrocyte sedimentation rate    IV    x     –   
  C - reactive protein    IV    x     –   
  Haematological screen    IV    x     –   
  Aspartate aminotransferase, alanine aminotransferase, lactate 

dehydrogenase  
  IV    x     –   

  Thyroid - stimulating hormone, free T 4 , free T 3  hormone assays    IV    x     –   
  Vitamin B 12  and folate    IV    x     –   
  Serum protein electrophoresis    IV    x     –   
  Serum immunoelectrophoresis    IV    x     –   
  Creatine kinase    IV    x     –   
  Creatinine    IV    x     –   
  Electroclytes (Na    , K    , Cl  , Ca 2   , HPO 4  2   )    IV    x     –   
  Glucose    IV    x     –   
  Angiotensin - converting enzyme    IV     –     x  
  Lactate    IV     –     x  
  Hexoaminidase A and B assay    IV     –     x  
  Ganglioside GM - 1 antibodies    IV     –     x  
  Anti - Hu, anti - MAG    IV     –     x  
  RA, antinuclear antibodies, anti - DNA    IV     –     x  
  Anti - acetylcholine receptor and anti - muscle - specifi c receptor 

tyrosine kinase antibodies  
  IV     –     x  

  Serology ( Borrelia , virus including HIV)    IV     –     x  
  DNA analysis (for SOD1, SMN1/2, SBMA)      IV     –     x  

   CSF                   
  Cell count    IV     –     x  
  Cytology    IV     –     x  
  Total protein concentration    IV     –     x  
  Glucose, lactate    IV     –     x  
  Protein electrophoresis including IgG index    IV     –     x  
  Serology ( Borrelia , virus)    IV     –     x  
  Ganglioside antibodies    IV     –     x  

   Urine                   
  Cadmium    IV     –     x  
  Lead (24 - h secretion)    IV     –     x  
  Mercury    IV     –     x  
  Manganese    IV     –     x  
  Urine immunoelectrophoresis    IV     –     x  

   Neurophysiology          –      –   
  Electromyography    III    x     –   
  Nerve conduction velocity    III    x     –   
  Motor evoked potential    IV     –     x  

   Radiology                   
  Magnetic resonance imaging/computed tomography (cranial/

cervical, thoracic, lumbar)  
  IV    x     –   

  Chest X - ray    IV    x     –   
  Mammography    IV     –     x  

   Biopsy                   
  Muscle    III     –     x  
  Nerve    IV     –     x  
  Bone marrow    IV     –     x  
  Lymph node    IV     –     x  



  Table 17.3    Diseases that can masquerade as  ALS / MND . 

   Anatomical abnormalities/compression syndromes   
  Arnold – Chiari type 1 and other hindbrain malformations  
  Cervical, foraman magnum, or posterior fossa region tumours  
  Cervical disc herniation with osteochondrosis  
  Cervical meningeoma  
  Retropharyngeal tumour  
  Spinal epidural cyst  
  Spondylotic myelopathy and/or motor radiculopathy  
  Syringomyelia  

   Acquired enzyme defects   
  Adult GM 2  gangliosidosis (hexosaminidase A or B defi ciency)  
  Polyglucosan body disease  
  Pompe ’ s Disease (Glycogen Storage Disease type II)  

   Autoimmune syndromes   
  Monoclonal gammopathy with motor neuropathy  
  Multifocal motor neuropathy with/without conduction block  
  Dysimmune lower motor neuron syndromes (with GM 1 , GD 1b , 

and asialo - GM 1  antibodies)  
  Other dysimmune lower motor neuron syndromes, including 

chronic infl ammatory demyelinating polyneuropathy  
  Multiple sclerosis  
  Myasthenia gravis (in particular the anti - muscle - specifi c receptor 

tyrosine kinase positive variant)  

   Endocrine abnormalities   
  Allgrove syndrome  
  Diabetic  ‘ amyotrophy ’   
  Insulinoma causing neuropathy  
  Hyperthyroidism with myopathy  
  Hypothyroidism with myopathy  
  Hyperparathyroidism (primary)  
  Hyperparathyroidism (secondary due to vitamin D defi ciency)  
  Hypokalemia (Conn ’ s syndrome)  

   Exogenous toxins   
  Lead (?), mercury (?), cadmium, aluminium, arsenic, thallium, 

manganese, organic pesticides; neurolathyrism, konzo  

   Infections   
  Acute poliomyelitis  
  Post - poliomyelitis progressive muscular atrophy syndrome  
  HIV - 1 (with vacuolar myelopathy)  
  HTLV - 1 - associated myelopathy (tropical spastic paraplegia)  
  Neuroborreliosis  
  Syphilitic hypertrophic pachymeningitis  
  Spinal encephalitis lethargica, varicella - zoster  
  Trichinosis  
  Brucellosis, cat - scratch disease  
  Prion disorders  

   Myopathies   
  Cachectic myopathy  
  Carcinoid myopathy  
  Dystrophin - defi cient myopathy  
  Inclusion body myositis  
  Infl ammatory myopathies  

  Nemaline myopathy  
  Polymyositis  
  Sarcoid myositis  

   Neoplastic syndromes   
  Chronic lymphocytic leukemia  
  Intramedullary glioma  
  Lymphoproliferative disorders with paraproteinemia and/or 

oligoclonal bands in the cerebrospinal fl uid  
  Pancoast tumour syndrome  
  Paraneoplastic encephalomyelitis with anterior horn cell 

involvement  
   ‘ Stiff person plus ’  syndromes  

   Physical injury   
  Electric shock neuronopathy  
  Radiation - induced radiculo - plexopathies and/myelopathy  

   Vascular disorders   
  Arterioveneous malformation  
  Dejerine ’ s anterior bulbar artery syndrome  
  Stroke  
  Vasculitis  

   Other neurological conditions   
  Western Pacifi c atypical forms of MND/ALS (Guam, New Guinea, 

Kii Peninsula of Japan)  
  Carribean atypical forms of MND – dementia – PSP (Guadeloupe)  
  Madras - form of juvenile onset MND/ALS (South India)  
  Frontotemporal dementia with MND/ALS (including Pick ’ s disease 

with amyotrophy)  
  Multiple system atrophy  
  Olivo - ponto cerebellar atrophy syndromes  
  Primary lateral sclerosis (some subtypes not related to ALS)  
  Progressive encephalomyelitis with rigidity  
  PSP  
  Hereditary spastic paraplegia (many variants, some subtypes with 

distal amyotrophy)  
  Progressive spinal muscular atrophy (some subtypes not related 

to ALS)  
  Spinobulbar muscular atrophy with/without dynactin or 

androgen receptormutation  
  Spinal muscular atrophy I – IV  
  Brown – Vialetto – van Laere syndrome (early - onset bulbar and 

spinal ALS with sensorineural deafness)  
  Fazio – Londe syndrome (infantile progressive bulbar palsy)  
  Harper – Young syndrome (laryngeal and distal spinal muscular 

atrophy)  
  Monomelic sporadic spinal muscular atrophy (benign focal 

amyotrophy, including Hirayama syndrome)  
  Polyneuropathies with dominating motor symptoms (like 

hereditary motor and sensory neuropathy type 2, hereditary 
motor neuropathy type 5)  

  Familial amyloid polyneuropathy  
  Benign fasciculations  
  Myokymia  

   ALS, amyotrophic lateral sclerosis; MDN, motor neuron disease; PSP, Progressive supranuclear palsy.   
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sensitivity with no loss in specifi city as reported in a 
recent study  [24, 32] . We do not recommend that patients 
are told they have  ‘ defi nite, probable, or possible ’  ALS. 
Experience suggests that pursuing an early diagnosis of 
ALS outweighs the potential increase in risk of misdiag-
nosis (GPP). The clinician must decide, on the balance 
of probability, whether or not the patient has ALS, even 
in the absence of unequivocal upper and lower motor 
neuron signs  [25]  (GPP).      

  Breaking the  n ews:  c ommunicating 
the  d iagnosis 
 Telling the patient and the family that the diagnosis is 
ALS is a daunting task for the physician. If not performed 
appropriately, the effect can be devastating, leaving the 
patient with a sense of abandonment and destroying 
the patient – physician relationship  [26] . Surveys of 
patients and caregivers have demonstrated that the way 
the diagnosis is communicated is less than satisfactory in 
half of all cases  [27, 28] . Studies of other fatal illnesses 
 [29 – 31]  clearly demonstrate the advantages of using spe-
cifi c techniques, such as those outlined in table  17.5 . 
Better patient/caregiver satisfaction has been shown if 
effective communication strategies are used and more 
time is spent discussing the diagnosis  [28] . A survey 
has shown that physicians in 44% of ALS centres rou-
tinely spend 30   min or less discussing the diagnosis 
 [33] . Callous delivery of the diagnosis may affect the 
families ’ /carers ’  psychological adjustment to bereave-
ment later  [34] .      

  Table 17.4    Revised El Escorial research diagnostic criteria for 
 ALS   –  a summary. 

  Clinically defi nite ALS  
     UMN and LMN signs in three regions  

  Clinically defi nite ALS  –  laboratory supported  
     UMN and/or LMN signs in one region  and  the patient is a 

carrier of a pathogenic gene mutation  

  Clinically probable ALS  
     UMN and LMN signs in two regions with some UMN signs 

rostral to the LMN signs  

  Clinically probable ALS  –  laboratory supported  
     UMN signs in one or more regions  and  LMN signs defi ned 

by EMG in at least two regions  

  Clinically possible ALS  
     UMN and LMN signs in one region, or  
     UMN signs in at least two regions, or  
     UMN and LMN signs in two regions with no UMN signs 

rostral to LMN signs  

   ALS, amyotrophic lateral sclerosis; EMG, electromyography; 
LMN, lower motor neuron; UMN, upper motor neuron.   

 Good Practice Points 
       1.     The diagnosis should be pursued as early as possible. 

Patients in whom ALS is suspected should be referred 
with high priority to an experienced neurologist.  

  2.     All suspected new cases should undergo prompt detailed 
clinical and paraclinical examinations (see tables  17.1  and 
 17.2 ).  

  3.     In some cases, additional investigations may be needed 
(see table  17.2 ).  

  4.     Repetition of the investigations may be needed if initial 
tests do not result in a diagnosis.  

  5.     Review of the diagnosis is advisable if there is no 
evidence of typical progression or if the patient develops 
atypical features (see table  17.1 ).     

 Good Practice Points 
       1.     The diagnosis should be communicated by a consultant 

with a good knowledge of the patient.  

  2.     The physician should start the consultation by asking 
what the patient already knows or suspects.  

  3.     The physician should give the diagnosis and discuss its 
implications in a  stepwise fashion , checking that the 
patient understands what is being communicated. The 
diagnosis should be given in person, ensuring that 
enough time is available for an unhurried discussion 
(suggest at least 45 – 60   min). Provide printed materials 
about the disease, about support and advocacy 
organizations, and about informative websites if 
appropriate. A copy letter or audiotape summarising 
the discussion can be helpful for patients and their 
families.  

  4.     Assure patients that they and their families will not be 
 ‘ abandoned ’  by healthcare services but will be supported 
by a professional ALS care team (where available) and 
with regular follow - up visits to a neurologist. Before the 
end of the consultation, make arrangements for a 
follow - up visit (ideally within 2 – 4 weeks).  

  5.     Avoid the following: withholding the diagnosis, providing 
insuffi cient information, imposing unwanted information, 
delivering information callously, and taking away or not 
providing hope.     
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  Table 17.5    How should a physician tell patients that they have  ALS ? 

   Task     Recommendations  

  Location    Quiet, comfortable, and private  

  Structure    In person, face - to - face 
 Convenient time (at least 45 – 60 minutes) 
 Enough time to ensure there is no rushing or interruptions 
 Make eye contact and sit close to the patient  

  Participants    Know the patient  before  the meeting, including the family, emotional, and social situation, case history, and all 
relevant test results. Have all the facts at hand 

 Have the patient ’ s support network present (relatives). Have a clinical nurse specialist or equivalent present or available  

  What is said    Find out what the patient already knows about the condition 
 Ascertain how much the patient wants to know about ALS and tailor your information accordingly 
 Give a warning comment that bad news is coming. The whole truth may need to come by instalments 
 Use the correct ALS - term, not  ‘ wear and tear of the motor nerves ’  
 Explain the anatomy of the disease (make a simple drawing) 
 If the patient indicates that they want to know the course of the disease, be honest about the likely progression and 

prognosis, but give a broad time frame and recognise the limitations of any predictions 
 There is no cure, symptoms tend to steadily worsen, and prognosis is highly variable Some patients survive 5, 10, or 

more years 
 Acknowledge and explore the patient ’ s reaction and allow for emotional expression 
 Summarise the discussion verbally, in writing, and/or on an audiotape 
 Allow plenty of time for questions  

  Reassurance    Acknowledge that this is devastating news, but discuss reasons for hope such as research, drug trials, and the 
variability of the disease 

 Explain that the complications of ALS are treatable 
 Reassure that every attempt will be made to maintain the patient ’ s function and that the patient ’ s treatment decisions 

will be respected 
 Reassure that the patient will continue to be cared for and will not be abandoned 
 Inform about patient support groups (offer contact details and leafl ets) 
 Inform about neuroprotective treatment (i.e. riluzole) and ongoing research 
 Discuss opportunities to participate in research treatment protocols (if available) 
 Acknowledge a willingness to get a second opinion if the patient wishes  

  How it is said    Emotional manner: warmth, caring, empathy, respect 
 Be honest and sympathetic but not sentimental 
 Give news at the person ’ s pace; allow the patient to dictate what he or she is told  

  Language    Simple and careful word choice, yet direct; no euphemisms or medical jargon  

   ALS, amyotrophic lateral sclerosis.   
 Modifi ed from Miller  et al .  [32] . 

  Multidisciplinary  c are 
 Ideally, patients with ALS should be followed in specialist 
multidisciplinary clinics. These tertiary centres can 
provide both diagnostic and management services  [25, 
35, 36]  with the emphasis on patient autonomy and 
choice. Comparisons between clinic - based cohorts and 
population - based cohorts of patients have confi rmed a 
referral bias: patients attending multidisciplinary clinics 

tend to be younger and to have had symptoms for longer 
than those who do not  [35, 37] . An independent survival 
benefi t has been identifi ed in two studies  [36, 38] , more 
relevant in bulbar patients, while another study has 
shown no effect  [39] . Importantly, patients attending 
multidisciplinary clinics have fewer hospital admissions 
and shorter inpatient stays than those who attend general 
clinics  [36] . Tertiary centres can also increase the sense 
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ALS, and many actively participate in interactions 
between the patient and physician, from the time of diag-
nosis through to decision - making regarding advance 
directives and end of life care. 

 Certain ALS symptoms cause particular strain in 
carers. If the patient loses effective communication, 
carers can become intellectually and emotionally iso-
lated. The use of augmentative alternative communica-
tion devices can help to restore communication. Several 
studies have shown that respiratory problems, in particu-
lar the provision of mechanical ventilation for patients, 
causes particular strain on caregivers, reducing their 
quality of life and raising their responsibilities related to 
managing the ventilator and providing for the increasing 
caring costs  [47 – 49] . Although only rarely studied, data 
indicate that sexuality is an important and problematic 
issue for several ALS patient – caregiver couples. The 
problems reported were mainly decreased libido, passiv-
ity of the partner, and the carer ’ s own passivity. The most 
frequent reasons cited were the physical weakness and 
the body image changes due to ALS  [50] . 

 Around 50% of patients with ALS in a cohort from the 
UK and Germany died at home  [51] . The anticipation of 
patients ’  imminent deaths may increase caregiver distress 
and anxiety. However, Neudert  et al .  [51]  report that 
most patients with ALS died peacefully and no patient 
 ‘ choked to death ’  if good palliative care measures were in 
place. The likelihood of a peaceful death process should 
be communicated to patients and their caregivers/
relatives (GPP). 

 Some caregivers go through the grieving process start-
ing from the time that diagnosis is given.  [52, 53] . It 
seems that the anticipation of future loss is as important 
as the loss itself in leading to psychological diffi culties. 
Issues for the caregiver in particular are a feeling of being 
burned out from providing care, repercussions from 
forced changes in living arrangements to accommodate 
the patient ’ s progressive weakness, and fi nancial hard-
ships  [54] .    

of patient well - being, perhaps  [40]  related to a greater 
provision of appropriate aids and appliances  [41] . The 
increased use of riluzole and non - invasive ventilation, 
attention to nutrition, and earlier referral to palliative 
care services are likely to contribute to the increased sur-
vival of those attending multidisciplinary clinics  [35, 42] . 
Effective multidisciplinary clinics can be developed at 
modest cost using existing healthcare structures  [43] . 
Excellent communication and cooperation between spe-
cialized clinics and the primary health care sector is 
crucial.    

 Good Practice Points 
       1.     Multidisciplinary care should be available for people 

affected by ALS as attendance at multidisciplinary clinics 
improves care, promotes a sense of well - being, and may 
extend survival.  

  2.     The following specialists should be part of or readily 
available to the multidisciplinary clinic team: a 
neurologist, respiratory physician, gastroenterologist, 
rehabilitation medicine physician, social counsellor, 
occupational therapist, speech therapist, respiratory 
therapist, specialized nurse, physical therapist, dietitian, 
psychologist, dentist, and palliative care physician.  

  3.     Patients should generally be reviewed every 2 – 3 months, 
although they may require more frequent review in the 
fi rst half - year following diagnosis or in the later stages of 
disease, and less frequent review if their disease is only 
slowly progressive. The patient support team should 
maintain regular contact with the patient and relatives 
between visits.  

  4.     Ideally, the patient should from the outset be followed by 
one neurologist or palliative care specialist liaising closely 
with the patient ’ s primary care physician (family general 
practitioner).  

  5.     Effective channels of communication and co - ordination 
are essential between the hospital - based multidisciplinary 
clinic team, the primary care team, the palliative care 
team, and the community services.     

   ALS   c aregivers and  s trains 
 ALS causes a progressive loss of independence and an 
increased need for help with activities of everyday life. 
Carers therefore have to progressively increase the time 
they devote to caring  [44] , with resultant effects on their 
physical, psychological, and emotional well - being. The 
caregivers ’  burden relates to personal and social restric-
tions and psychological and emotional problems  [45, 
46] . Caregivers frequently search for information about 

 Good Practice Points 
       1.     Caregivers should be acknowledged in their double role 

in the disease process: they are one of the most 
important resources for the patient, yet they are affected 
themselves, and their needs as carers need to be 
addressed.  
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  Neuroprotective  t reatment/
 d isease -  m odifying  t reatment 
 To date, riluzole is the only drug that has been shown 
to slow the course of ALS in four Class I studies, possibly 
due to its anti - glutamatergic properties  [55, 56] ; a 
Cochrane review has also been published  [57] . These 
studies did not include patients with early disease (i.e. 
with suspected or possible ALS according to the El Esco-
rial criteria). Oral administration of 100   mg riluzole 
daily improved the 1 - year survival by 15% and pro-
longed survival by about 3 months after 18 months ’  
treatment. There was a clear dose effect. In clinical prac-
tice, retrospective Phase IV studies from four large clini-
cal databases indicate that the overall gain in survival 
(i.e. over the whole extent of the disease course), may 
extend from around 6 to 20 months, although these esti-
mates are almost certainly subject to various statistical 
biases  [58 – 61] . The drug is safe, with few serious side 
effects. Guidelines for monitoring have been published 
by the National Institute for Health and Clinical 
Excellence. Although patients with progressive spinal 
muscular atrophy or primary lateral sclerosis were not 
included in the riluzole trials, pathological and genetic 
studies show that some patients with progressive spinal 
muscular atrophy and primary lateral sclerosis fall 
within the ALS syndrome, so may benefi t from the 
drug  [5, 62] . Riluzole may have little effect in late - stage 
ALS, and it is not clear if and when treatment should 
be terminated. A large number of other drugs have 
been tested in ALS, unfortunately with negative results 
(table  17.6 ).        

  2.     Ideally, caregivers should be involved when the diagnosis 
is given and in all clinical decisions, while preserving 
patients ’  autonomy.  

  3.     Carers ’  own health needs should be considered. Physical, 
psychological, and spiritual support should be provided if 
appropriate.  

  4.     Maintaining communication between patients and 
caregivers is of utmost importance.  

  5.     Detailed information about the usual death process in 
patients with ALS should be given to caregivers if they 
ask for this.  

  6.     Bereavement counselling and support should be offered 
to all caregivers.     

  Symptomatic  t reatment 
 Symptomatic treatment aims to improve the quality of 
life of patients and caregivers. Symptoms should be 
treated as they become prominent and incapacitating in 
individual patients. 

  Sialorrhoea 
 Sialorrhoea (drooling or excessive salivation) is a 
common symptom and may be socially disabling. It can 
result from impaired swallowing and may be treatable. 

 Amitriptyline is most commonly used, with reasonable 
effi cacy at low cost  [63] . Oral doses of not more than 
25 – 50   mg two or three times a day are usually suffi cient. 
Benefi t can also be obtained using atropine drops, 0.5% 
or 1%, administered three or four times a day sublin-

 Good Practice Points 
       1.     Patients with ALS should be offered treatment with 

riluzole 50   mg twice daily (Class IA).  

  2.     Patients treated with riluzole should be monitored 
regularly for safety (Class IA).  

  3.     Treatment should be initiated as early as possible after 
diagnosis, taking into account expected therapeutic 
benefi ts and potential safety issues (Class IA). Realistic 
expectations for treatment effects and potential side 
effects should be discussed with the patient and 
caregivers.  

  4.     Treatment with riluzole should be considered in patients 
with progressive spinal muscular atrophy and primary 
lateral sclerosis who have a fi rst - degree relative 
with ALS.  

  5.     Patients with slowly progressive sporadic progressive 
spinal muscular atrophy, sporadic primary lateral sclerosis 
or hereditary spastic paraplegia should as a rule not be 
treated with riluzole, but treatment should be considered 
in  ‘ ALS - like ’  patients with clinical progressive spinal 
muscular atrophy or primary lateral sclerosis.  

  6.     Irrespective of familial disposition, all patients with a 
symptomatic progressive MND and carrying a  SOD1  gene 
mutation should be offered treatment with riluzole.  

  7.     Currently, there is insuffi cient evidence to recommend 
treatment with vitamins, testosterone, antioxidants such 
as co - enzyme Q - 10 and gingko biloba, intravenous 
immunoglobulin therapy, cyclosporin, interferons, 
Copaxone, KDI tripeptide, neurotrophic factors (including 
vascular endothelial growth factor, insulin - like growth 
factor - 1, and mecasermin rinfabate), ceftriaxone, creatine, 
gabapentin, minocycline, stem cells, or lithium.     
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to the not infrequent side effect of confusion. Patients 
with severe drooling may need two patches (GPP). Injec-
tion of botulinum toxin (type A and type B) into the 
salivary glands may be benefi cial  [67 – 69] . The injections 
are generally well tolerated and may improve quality of 
life, but caution is recommended in patients with signifi -
cant bulbar palsy as increased dysphagia may occur 
(GPP). In rare instances, serious side effects have been 
reported  [70] . Another option is external irradiation of 
the salivary glands, with four Class IV studies showing 
satisfactory results  [71 – 74] . 

gually, which has the advantage of having a fairly short 
duration of action  –  valuable in patients who suffer from 
sialorrhoea alternating with an uncomfortably dry 
mouth. Glycopyrrolate (in nebulized or i.v. form) has 
been shown to be effective in patients with cerebral palsy 
or developmental disabilities in a Class I study  [64] , but 
no studies in ALS are known. Hyoscine (scopolamine) 
can also be effective, given orally or applied as a dermal 
patch. Two Class IV studies  [65, 66]  showed a reduction 
of salivary fl ow with transdermal scopolamine (1.5   mg 
every third day). Care is needed in elderly patients, due 

  Table 17.6    Summary of the most important controlled therapeutic studies in amyotrophic lateral sclerosis ( ALS ). 

   Completed trials   
   N  - Acetylcysteine  *    
  Brain - derived neurotrophic factor  *    
  Branched - chain amino acids  *    
  Buspirone  *    
  Celecoxib  *    
  Ciclosporin  *    
  Ciliary neurotrophic factor  *   (two trials)  
  Co - enzyme Q10  *    
  Creatine  *   (three trials)  
  Dextromethorphan  *    
  Gabapentin  *    
  Glial - derived neurotrophic factor  *    
  IGF - 1  *  (three trials)  
  Indinavir  *    
  Interferon - beta - 1a  *    
  Lamotrigine  *   (two trials)  
  Lymphoid irradiation  *    
  Memantine  *    
  Minocyclin  *    
  Nimodipine  *    
  ONO - 2506  *    
  Oxandrolone  *    
  Pentoxifylline  *    

   Riluzole   †    
  Selegiline  *    
  TCH346  *    
  Thalidomide  *    
  Topiramate  *    
  Valproic acid  *    
  Verapamil  *    

  Vitamin E  *   (two trials)  
  Xaliproden  *    

   Ongoing Phase II/III trials (2006 – 2010)   
  Arimoclomol  
  Ceftriaxone  
  Cistanche total glycosides  
  Combination therapy (celecoxib, creatine, minocycline)  
  Copaxone  
  Edaravone  
  Granulocyte colony - stimulating factor  
  Growth hormone  
  Lithium  
  Mecobalamin  
  Olanzapine  
  Olesoxime  
  Pioglitazone  
  Pyrimethamine  
   SOD1  DNA antisense oligonucleotides  
  Talampanel  
  Tauroursodeoxycholic acid  

   Phase III trials being planned or considered   
  AEOL 10150  
  Celastrol  
  IGF - 1  –  viral delivery  
  KNS - 760704  
  NAALADase inhibitors  
  Nimesulide  
  Ritonavir and hydroxyurea  
  Sodium phenylbutyrate  
  Scriptaid  
  VEGF  

   IGF - 1, Insulin - like growth factor.  
   * No therapeutic benefi t was observed.  
    †  Riluzole is the only one of the drugs tested that has been shown to have an effect against ALS.   
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 Good Practice Points 
       1.     Treat sialorrhoea in ALS with amitriptyline, oral or 

transdermal hyoscine, glycopyrrolate, or sublingual 
atropine drops.  

  2.     Botulinum toxin injections into the parotid and/or 
submandibular gland may be effective and are generally 
well tolerated.  

  3.     Irradiation of the salivary glands may be tried when 
pharmacological treatment fails.  

  4.     Provide a portable mechanical home suction 
device.  

  5.     Surgical interventions are not recommended.     

 Good Practice Points 
       1.     Consider using a mucolytic like  N  - acetylcysteine, 

200 – 400   mg three times daily.  

  2.     Try a nebulizer with saline and a beta - receptor antagonist 
and/or an anticholinergic bronchodilator and/or a 
mucolytic and/or furosemide in combination. Mucolytics 
should only be used if suffi cient cough fl ow is present.  

  3.     Sublingual potassium dichromate may be helpful.  

  4.     Teach the patient and carers the technique of assisting 
expiratory movements using a manual assisted cough 
(can also be performed by a physical therapist).  

  5.     The use of a mechanical insuffl ator – exsuffl ator may be 
helpful, particularly in the setting of an acute respiratory 
infection.  

  6.     Provide a portable home suction device and a room 
humidifi er.  

  7.     Cricopharyngeal myotomy may be helpful in rare cases 
with frequent episodes of cricopharyngeal spasm and 
severe bronchial secretions.     

cantly decreased the amount of stringy tracheal secretions 
 [80] . Mechanical cough - assist devices (insuffl ator –
 exsuffl ator) via a face mask have been reported to be 
effective in ALS patients in uncontrolled trials  [81,82] .    

 Surgical interventions, such as transtympanic neurec-
tomy, parotid duct ligation and relocation, and subman-
dibular gland excision, have been reported to yield 
effective long - term results in children with drooling  [75, 
76] . However, case reports suggest that such procedures 
are less satisfactory in patients with ALS and may lead to 
problematic effects such as increased secretion of thick 
mucus; thus, they are not recommended  [77] .    

  Bronchial  s ecretions 
 Patients with bulbar or respiratory insuffi ciency com-
monly report diffi culties in effectively clearing tenacious 
sputum, and indeed mucus accumulation is a negative 
prognostic factor in ALS patients treated with non -
 invasive ventilation  [78] . The mucosa of the nasal cavity, 
larynx, trachea, bronchial airways, and lungs contribute 
a constant fl ow of serous and mucoid fl uids. Although 
no studies exist, it is likely that dehydration increases the 
viscosity of mucus. A portable home suction device may 
be useful for clearing the upper airways (and excess saliva 
in the mouth). However, secretions in the lower airways 
can be diffi cult to reach, and repeated use of a catheter 
may stimulate secretions. Medication with mucolytics 
like guaifenesin or  N  - acetylcysteine, a beta - receptor 
antagonist (such as metoprolol or propranolol), and/or 
an anticholinergic bronchodilator like ipratropium and/
or theophylline, or even furosemide, can be of value, but 
no controlled studies in ALS exist  [79] . In a Class I study 
in critically ill patients with chronic obstructive pulmo-
nary disease, sublingual potassium dichromate signifi -

  Pseudobulbar  e motional  l ability 
 Emotional lability occurs in at least 50% of ALS patients 
irrespective of the presence or absence of bulbar motor 
signs  [83] . Emotional lability does not correlate with cog-
nitive impairment  [84] . Prominent pseudobulbar fea-
tures such as pathological weeping, laughing, or yawning 
can be socially disabling and affect patients ’ quality of life. 
Currently, there are no approved treatments for pseudo-
bulbar emotional lability. The most commonly used 
agents are tricyclic antidepressants and selective sero-
tonin reuptake inhibitors (SSRIs), which have been 
found to be effective in small placebo - controlled studies 
or case series  [85] . Dopamine and lithium have been 
tested with good effect in other neurological diseases  [86, 
87] . A randomized controlled trial of a combination of 
dextrometorphan and quinidine showed effi cacy in 
improving emotional lability and quality of life  [88] . Side 
effects were experienced by 89% of patients, and 24% 
discontinued treatment.    
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  Cramps 
 Cramps may be an early and troublesome symptom, par-
ticularly at night. Class I studies using quinine sulphate 
or vitamin E in non - ALS patients with leg cramps showed 
a positive effect only for quinine  [89, 90] . Treatments 
such as massage, physical exercise, hydrotherapy in 
heated pools, carbamazepine, diazepam, phenytoin, and 
verapamil have be tried, but evidence of effi cacy is lacking.    

have not been tested formally in ALS, but in clinical 
practice gabapentin (900 – 2400   mg daily), tizanidine (6 –
 24   mg daily), memantine (10 – 60   mg daily), dantrolene 
(25 – 100   mg daily), tetrazepam (100 – 200   mg daily), and 
diazepam (10 – 30   mg daily) have been used. Botulinum 
toxin A has successfully been used to treat trismus and 
stridor in single cases  [96] .    

 Good Practice Points 
       1.     Inform the patient and relatives that the emotional lability 

is not a sign of an additional mood disorder but is due to 
the effects of ALS on the brain.  

  2.     Troublesome emotional lability should be treated. 
Antidepressants such as amitriptyline (in particular in 
patients with drooling), fl uvoxamine, and citalopram are 
usually suffi cient.  

  3.     A combination of dextrometorphan and quinidine has 
been shown to be effective in a Class IA study, but 
further experience on the long - term side effects and 
tolerability are needed.     

 Good Practice Points 
       1.     Treat bothersome cramps in ALS with quinine sulfate 

(200   mg twice daily).  

  2.     Physiotherapy, physical exercise, and/or hydrotherapy may 
be helpful.     

  Spasticity 
 Physical therapy is the mainstay of treatment of spasticity 
in ALS, and has been shown to be effective in a Class IIB 
study  [91] . Other interventions such as hydrotherapy, 
heat, cold, ultrasound, electrical stimulation, chemode-
nervation, and in rare cases surgery can be used, although 
no controlled studies in ALS exist. In a Class III study of 
20 patients with spinal cord injury, the use of hydro-
therapy in heated pools three times per week produced a 
signifi cant decrease in spasm severity and a reduction of 
oral baclofen medication  [92] . Cryotherapy of the facial 
muscles reduced spasticity to facilitate dental care in 24 
patients with cerebral palsy  [93] . Intrathecal baclofen in 
patients with ALS, intractable spasticity, and associated 
pain was more effective than oral medication and greatly 
improved patients ’  quality of life  [94, 95] . Other drugs 

 Good Practice Points 
       1.     Regular physical therapy can help relieve signifi cant 

spasticity.  

  2.     Hydrotherapy with exercises in warm pools (32 – 34 o C) and 
cryotherapy may be considered.  

  3.     Antispastic drugs such as baclofen and tizanidine may be 
tried.  

  4.     If spasticity is severe despite oral medications, intrathecal 
baclofen may be helpful.     

  Depression and  a nxiety 
 Depression and anxiety occur frequently in ALS patients 
and their caregivers  [97, 98] . Anxiety seems to be particu-
larly prevalent during the diagnostic and terminal phases 
 [97, 99] . No formal studies with antidepressants have 
been conducted in patients with ALS, but empirically 
tricyclic antidepressants (e.g. amitriptyline) and SSRIs 
such as escitalopram are effective. A new alternative is 
mirtazapine, which is well tolerated in the later stages 
when SSRIs and amitriptyline may not be. The choice 
may be guided by additional symptoms (e.g. sialorrhoea, 
insomnia, apathy, appetite loss), which are differently 
affected by the various antidepressants. There are no 
systematic studies on anxiolytics in ALS. Some antide-
pressants, such as escitalopram, exert anxiolytic effects, 
but oral diazepam or sublingual lorazepam may be 
necessary.    

 Good Practice Points 
       1.     Treat depression in ALS with an appropriate 

antidepressant, for example amitriptyline (in particular if 
the patient also has drooling), an SSRI, or mirtazapine. An 
SSRI might be tried fi rst if the patient is elderly or has 
signs of cognitive dysfunction and dementia.  

  2.     Treat anxiety with bupropion or benzodiazepines such as 
diazepam tablets or suppositories, Temesta tablets 0.5   mg 
two or three times daily, or lorazepam sublingually.     



294 SECTION 3  Neuromuscular Diseases

but is independent of the patient ’ s age. Since DVTs may 
be asymptomatic, the incidence of venous thrombosis is 
probably underestimated. There are no studies regarding 
the management of DVT in patients with ALS.     

  Insomnia and  f atigue 
 Insomnia is common in the fi nal months of life in 
patients with ALS  [100] . There are likely to be several 
causes, including depression, cramps, pain, and respira-
tory distress, which if identifi ed should be treated fi rst. 
For insomnia in ALS, amitriptyline and zolpidem are the 
most commonly used medications  [63] . Fatigue is a fre-
quent and potentially debilitating symptom. It is multi-
factorial and may be of central and/or peripheral origin 
 [101] . One open - label study and one Class I study with 
modafi nil revealed a signifi cant reduction of fatigue with 
a number - needed - to - treat of 1.6  [102, 103] . However, its 
long - term effects in ALS have not yet been studied.    

 Good Practice Points 
       1.     Treat insomnia with amitriptyline, mirtazapine, or 

appropriate hypnotics (e.g. zolpidem).  

  2.     For debilitating, fatigue modafi nil may be considered.     

 Good Practice Points 
    Treat pain in ALS following accepted guidelines.  

 Good Practice Points 
       1.     DVT should be treated with anticoagulants.  

  2.     The optimum management of risk factors for 
venous thrombosis should be pursued. Physiotherapy, 
limb elevation, and/or compression stockings are 
recommended.  

  3.     There is currently insuffi cient evidence to recommend 
prophylactic treatment with anticoagulants.     

  Pain 
 Pain occurs frequently in ALS, more often in the advanced 
stages of the disease, and is mainly due to immobility  [51, 
104]  or respiratory insuffi ciency with morning headache. 
Treatment is unspecifi c and should follow accepted prin-
ciples. Opioids can be used, following the 1990 World 
Health Organization analgesic ladder guidelines, when 
non - narcotics fail  [105] : begin treatment with non -
 steroidal anti - infl ammatory drugs, followed by weak 
opioids such as tramadol, followed by strong opioids 
such as morphine or ketobemidone. A liberal use of 
opioids may be appropriate when non - narcotics fail, and 
these have the secondary advantages of alleviating dys-
pnoea and anxiety.    

  Unproven  t herapies 
 The use of complementary and alternative medicine 
(CAM) is frequent in ALS. Wasner  et al.  found that 54% 
of 350 patients reported the use of CAM, in most cases 
(60%) performed by a physician  [108] . In a survey in 53 
ALS patients, the most frequently used types of CAM 
were vitamins, herbal supplements, or alternative thera-
pies such as homeopathy and acupuncture  [109] . 

 Stem cell therapy is still in the early experimental devel-
opment in ALS. However, the nature of the disease may 
induce patients to seek transplantation procedures. The 
intravenous, intrathecal, or intraparenchymal adminis-
tration of haematopoietic stem cells derived from periph-
eral blood or bone marrow has been tested in small series 
of patients  [110 – 114] . In these uncontrolled studies, even 
if safety and lack of side effects were claimed, the majority 
of these studies did not exhibit good scientifi c evidence 
for the procedure before translation to clinical application 
 [115, 116] . Clinical effi cacy is unproven, and long - term 
safety needs to be demonstrated. 

 A number of patients with ALS have been reported 
having received intracerebral transplantation of olfactory 
ensheathing cells  [117, 118] , sometimes with serious side 
effects  [119] . No sham operations have been docu-
mented, and the scientifi c basis for the use of such cells 
for treating ALS is meager. Frequently, these studies have 
not been performed in accordance with good scientifi c 
practice in well - designed clinical trials. 

 The intrathecal application of neuroprotective agents 
has been tried in order to circumvent the blood – brain 
barrier. Pilot trials have used thyrotropin - releasing 

  Venous  t hrombosis 
 Patients with ALS have an increased risk of deep venous 
thrombosis (DVT), with an annual incidence rate of 
2.7%  [106, 107] . The increased risk correlates with 
greater immobility and impaired respiratory function, 
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  Genetic  t esting and  c ounselling 
 In different populations, the frequency of familial ALS 
is reportedly 5 – 10% of all ALS cases (table  17.7 ) but may 
be underestimated for a number of reasons (table  17.8 ). 
Presently, mutations in eight genes  –   SOD1 ,  VAPB ,  SETX , 
 ALSIN ,  ANG ,  FUS ,  OPTN , and TDP43  –  have been found 
to cause ALS. At present, mutations in the latter seven 
genes appear to be very rare, and analysis is only per-
formed in a research setting. A few patients (often 

hormone  [120] , interferon - alfa  [121] , human recombi-
nant SOD1  [122] , ciliary neurotrophic factor, and brain -
 derived neurotrophic factor  [123 – 125] , all without 
evidence of clinical benefi t. Recently, insulin - like growth 
factor - 1 has been injected intrathecally in nine ALS 
patients safely and with a reported modest clinical effect 
 [126] . 

 In randomized, controlled, and open studies, liquor-
pheresis (fi ltration of cerebrospinal fl uid) has been per-
formed in one familial ALS and 10 sporadic ALS patients, 
without clinical effect  [127, 128] . 

 A Phase 1 safety study of hyperbaric oxygen therapy in 
fi ve patients with ALS reported some effi cacy on fatigue 
in four patients  [129] . 

 Repetitive transcranial magnetic stimulation of the 
motor cortex reportedly had a benefi cial effect in a pilot 
trial, but a double - blind study is recommended  [130] .    

 Good Practice Points 
       1.     For cellular therapies to become a reality, a more 

thorough preclinical evaluation and elucidation of several 
open questions is mandatory.  

  2.     Even if cell transplantation might be a possible approach 
for the future, no well - designed clinical trials testing 
cellular therapies have been completed demonstrating 
safety and clinical effi cacy supported by pathological 
evidence in a suffi cient number of patients.  

  3.     Patients with ALS must be carefully informed about 
existing reliable data related to cell therapies. It should be 
emphasized to the patient that all treatments with cell 
transplantation are experimental and that there is no 
proven scientifi c effect on disease outcome. If they then 
decide to undergo transplantation, thorough examination 
before and after the stem cell treatment should be 
performed and documented to improve our knowledge 
of benefi ts and/or side effects.  

  4.     Adequate and updated unbiased information related 
to cell therapies and other unproven/alternative 
therapies need to be delivered to the patient 
community.  

  5.     All studies, including transplantation of stem cells in 
ALS, should be performed in full accordance with the 
Declaration of Helsinki (WMA, 1964).  

  6.     Larger surveys are needed to evaluate the use of 
alternative/complementary therapies by ALS patients.     

  Table 17.7    Frequency of familial  ALS  in some epidemiological studies. 

   Study area:     % Familial ALS      n      Year     Reference  

  British Columbia, Canada    18.5    254    2008    Eisen  et al.   [131]   
  Germany    13.5    251    1959    Haberlandt  [132]   
  Central Finland    11.6    36    1983    Murros, Fogelholm  [133]   
  USA    9.5    1200    1995    Haverkamp  et al .  [2]   
  Belgium    8.6    140    2000    Thijs  et al.   [134]   
  Nova Scotia, Canada    5.8    52    1974    Murray  et al .  [135]   
  W ä rmland, Sweden    5.6    89    1984    Gunnarsson, Palm  [136]   
  England    5.0    580    1988    Li  et al .  [137]   
  USA    4.9    668    1978    Rosen AD  [11]   
  Northern Sweden    4.7    128    1983    Forsgren  et al .  [1]   
  Sardinia, Italy    4.4    182    1983    Giagheddu  et al.   [138]   
  Jutland, Denmark    2.7    186    1989    H ø jer - Pedersen  et al .  [139]   
  Hong Kong    1.2    84    1996    Fong  et al .  [140]   
  Finland    0.8    255    1977    Jokelainen  [141]   

   ALS, amyotrophic lateral sclerosis.   
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  Table 17.8    Factors that may lead to underrepresentation of 
familial  ALS  cases. 

     1.     Different diagnostic ALS - criteria have been used  
  2.     Inadequate recording of a pertinent family history in 

patients ’  charts  
  3.     The ALS disease expresses itself with different subtypes of 

ALS (e.g. progressive bulbar palsy, progressive spinal 
muscular atrophy) in different members of the family and 
os therefore not recognized as being one disease entity  

  4.     Reluctance of the patient to report a hereditary disease  
  5.     Loss of contact between different members of a family  
  6.     Early death to other causes of individuals in the family 

who transmits the gene defect  
  7.     The child develops ALS before the parent who transmitted 

the gene defect  
  8.     Incomplete disease penetrance  
  9.     Family members with ALS were misdiagnosed  

  10.     Illegitimacy  
  11.     Genealogical investigations were not performed     

   ALS, amyotrophic lateral sclerosis.   

  Table 17.9    Disease penetrance in amyotrophic lateral sclerosis 
associated with a   SOD 1  gene mutation. 

   Complete penetrance (symptomatic disease in over 90% 
by age 70 years)   
  A4V, G37R, L38V, G41S, H43R, H46R, D76V, L84F, L84V, 

N86K, D90A homozygous, E100G, D101H, I104F, G108V, 
C111Y, I112M, G114A, L126GQRWKX, G127GGQRWKX, 
G141E, L144F, V148G, V148I  

   Incomplete penetrance   
  A4T, L8Q, N19S, E21G, N65S, G72S, D76Y, N86S, A89V, 

D90A heterozygous, G93D, A95T, G93S, S105L, D109Y, 
I113T, L117V, L126S, N139H  

  Table 17.10      SOD 1  gene mutations reported in patients with 
apparently sporadic amyotrophic lateral sclerosis. 

  A4V, L8V, G12R, V14G, G16S, N19S, E21K, V29A, H48Q, 
C57R, N65S, G72S, D76Y, H80R (only  de novo  mutation 
confi rmed), L84F, N86I, N86S, N86D, A89V, D90A,G93S, 
A95T, V97L, I99V, D101N, S105delSL, L106P, D109Y, I113T, 
T116R, L117V, V118L, V118KTGPX, D124G, G127R, 
E133  E, K136X, L144F  

  Table 17.11    Disease survival time in amyotrophic lateral 
sclerosis associated with   SOD 1  gene mutations (without 
artifi cial ventilation). 

   Short 
(  3 years)  

   Intermediate 
(3 – 10 years)  

   Long 
( > 10 years)  

   Variable  

  A4T    G12R    G41D    E21G  
  A4V    G93V    H46R    G37R  
  C6F    E100G    N65S    L38V  
  C6G    D101G    D76V    D76Y  
  V7E    D101N    A89V    L84F  
  L8Q    S105L    D90A hom    L84V  
  G10V    G108V    G93C    N86S  
  G41S    C111Y    G93D    D90A het  
  H43R    N139H    G93S    G93R  
  H48Q    G141E    E100K    I104F  
  D90V        I113F    I113I  
  G93A            L144F  
  D101H            L144S  
  D101Y              
  L106V              
  I112M              
  I112T              
  R115G              
  L126X              
  G127X              
  A145T              
  V148G              
  V148I              

   het, heterozygous; hom, homozygous.   

diagnosed as sporadic ALS) with private DNA mutations 
in the  NF - H ,  EAAT2 ,  NAIP , peripherin,  HFE ,  PON1 , 
 PON2 ,  SPG4 , chromogranin, and dynactin genes have 
also been reported, but causation remains to be proved.   

 Since 1993, 155 mutations have been reported in the 
 SOD1  gene  [62] . The most frequent mutation is D90A, 
which in many European countries is inherited as a reces-
sive trait with a characteristic slowly progressing pheno-
type, although pedigrees with dominantly (heterozygous) 
inherited D90A -  SOD1  and an aggressive phenotype have 
also been reported  [62, 142] . Around 12 – 23% of patients 
diagnosed with familial ALS carry a  SOD1  mutation. 
 SOD1  mutations have also been described in 2 – 7% 

of apparently sporadic ALS patients, suggesting that 
some  SOD1  mutations are frequently non - penetrant 
(tables  17.9  and  17.10 )  [143] . A DNA  SOD1  diagnostic 
test speeds up the diagnostic process and can be of help 
in diagnosing patients with atypical features  [62] , as well 
as providing some prognostic information (tables  17.11  
and  17.12 )  [142]  (GPP). There is no specifi c therapy for 
patients with  SOD1  gene mutations, but clinical trials 
targeting  SOD1  specifi cally are currently underway. Pre-
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symptomatic (predictive) genetic testing should only be 
performed in fi rst - degree adult blood - relatives of patients 
with a known  SOD1  gene mutation (GPP). Testing 
should only be performed on a strictly voluntary basis as 
outlined (table  17.13 ). Special consideration should be 
taken before presymptomatic testing is performed in 
familial ALS families where the mutation is associated 
with reduced disease penetrance (see table  17.9 ) or with 
a variable prognosis (see table  17.11 ) (GPP).      

  Table 17.12      SOD 1  gene mutations associated with atypical 
features of amyotrophic lateral sclerosis (such as neuralgic pain 
syndrome, heat sensations, bladder disturbance, severe 
cognitive dysfunction). 

  A4V, V14G, E21G, G41S, H46R, H48Q, L84F, D90A, G93S, 
E100G, D101Y, I104F, I113T, L117V, V118L, L144F, I151T.  

 Good Practice Points 
       1.     In all patients suspected of suffering from ALS, 

progressive spinal muscular atrophy, primary lateral 
sclerosis, or frontotemporal dementia, a detailed medical 
history of the patient, siblings, parents,  and  grandparents 
 and  their siblings should be obtained to disclose a familial 
disease with reduced disease penetrance.  

  2.     Clinical DNA analysis for  SOD1  gene mutation should 
only be performed in cases with a known family history 
of ALS, and in sporadic ALS cases with the characteristic 
phenotype of the D90A mutation.  

  3.     Clinical DNA analysis for  SOD1  gene mutations should 
 not  be performed in cases with sporadic ALS with a 
typical classical ALS phenotype.  

  4.     In familial or sporadic cases where the diagnosis is 
uncertain, a SMN, androgen receptor, or  SOD1  DNA 
analysis may accelerate the diagnostic process.  

  5.     Before blood is drawn for DNA analysis, the patient 
should receive genetic counselling. Give the patient time 
for consideration. DNA analysis should be performed only 
with the patient ’ s informed consent.  

  6.     Presymptomatic genetic testing should  only  be performed 
in fi rst - degree adult blood - relatives of patients with a 
known  SOD1  gene mutation. Testing should only be 
performed on a strictly voluntary basis and should follow 
accepted ethical principles (table  17.13 ).  

  7.     Results of DNA analysis performed on patients and their 
relatives as part of a research project should not be used 
in clinical practice or disclosed to the unaffected relative. 
The research results should be kept in a separate fi le and 
not in the patient ’ s standard medical chart.     

  Respiratory  m anagement in  p atients 
with  ALS  
 Respiratory complications are the main cause of death in 
ALS. They predominantly derive from diaphragmatic 
weakness but can be precipitated by aspiration and infec-
tion  [144] . Forced vital capacity and vital capacity are the 
most widely used tests to evaluate respiratory function 
and should be performed regularly, along with an assess-
ment of symptoms suggestive of respiratory insuffi ciency 
(table  17.14 ). Sniff nasal pressure (SNP) may be more 
accurate in patients with weak lips, but neither forced 
vital capacity nor SNP is a sensitive predictor of respira-
tory insuffi ciency in patients with severe bulbar involve-
ment  [145] . Percutaneous nocturnal oximetry is an easy 
tool to screen patients with and can be useful to deter-
mine the need for non - invasive positive - pressure ventila-
tion (NIPPV)  [146] . Phrenic nerve responses can predict 
hypoventilation in ALS  [147] . Blood gas abnormalities 
are generally a late fi nding. Peak cough fl ow can access 
cough effectiveness  [148] .   

 NIPPV and, less frequently, invasive mechanical ven-
tilation (IMV), is used to alleviate symptoms of respira-
tory insuffi ciency and prolong survival. There is no clear 
evidence regarding the timing and criteria for use of 
NIPPV and IMV in patients with ALS (table  17.15 ). The 
use of mechanical ventilation varies between countries, 
refl ecting economic and cultural differences  [32, 149] . 
Ideally, the patient ’ s advance directives and a plan 
for management of respiratory insuffi ciency should be 
established before respiratory complications occur  [25, 
32, 149] .   

 NIPPV increases survival and overall improves patient 
quality of life (Class I evidence), and is the preferred 
therapy to alleviate respiratory insuffi ciency  [49, 151 –
 154] . It is usually initially used only at night to alleviate 
symptoms of nocturnal hypoventilation (see table  17.14 ). 
NIPPV has not been shown to prolong survival in bulbar -
 onset patients, but even so, it improves quality of life in 
this subgroup too  [152] . Bulbar - onset patients tend to be 
less compliant with NIPPV, due in part to increased 
secretions  [78] . NIPPV also prolongs survival in patients 
presenting with respiratory insuffi ciency, who represent 
about 3% of all patients with ALS  [155] . The use of dia-
phragmatic pacing or respiratory exercise in ALS is not 
established  [156, 157] . 

 IMV can prolong survival in ALS, in some cases for 
many years. However, it is not documented that quality 
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of life is improved by IMV, and there is a risk that some 
patients will become totally unable to communicate and 
develop a  ‘ locked - in ’  state. The availability and cultural 
acceptability of IMV in ALS patients varies greatly 
between different countries and cultures. It is costly and 
has signifi cant emotional and social impact on patients 
and caregivers (table  17.16 )  [32, 48, 158] .   

 A diffi cult issue is that of when to terminate ventilatory 
support. Parenteral morphine, a benzodiazepine, and an 
antiemetic are used when the patient decides that ventila-
tory support should be withdrawn  [32] . There is good 
evidence for the use of opioids and/or oxygen to treat 
dyspnoea in patients with terminal cancer or chronic 
obstructive pulmonary disease (Class I)  [159, 160] , but 
no controlled studies in ALS exist. 

 Improving the clearance of bronchial secretions is 
important in patients with ALS to promote quality of life, 
improve NIPPV tolerance, and decrease the risk of infec-
tion. Techniques such as the provision of cough - assist 
devices and chest wall oscillation may be of value (see 
above)  [82, 161, 162] .    

  Table 17.14    Symptoms and signs of respiratory insuffi ciency 
in amyotrophic lateral sclerosis. 

   Symptoms     Signs  

  Dyspnoea on minor 
exertion or talking  

  Tachypnoea  

  Orthopnoea    Use of auxiliary respiratory 
muscles  

  Frequent nocturnal 
awakenings  

  Paradoxical movement of the 
abdomen  

  Excessive daytime sleepiness    Decreased chest wall movement  
  Daytime fatigue    Weak cough  
  Morning headache    Sweating  
  Diffi culty clearing secretions    Tachycardia  
  Apathy    Morning confusion, 

hallucinations  
  Poor appetite    Weight loss  
  Poor concentration and/or 

memory  
  Mouth dryness  

 Modifi ed from Leigh  et al .  [25] . 

  Table 17.13    Guidelines for presymptomatic genetic testing in amyotrophic lateral sclerosis. 

     1.     The test subject should belong to a family with a known  SOD1  gene mutation  
  2.     The test subject should be a fi rst - degree relative of an affected blood relative, or a second - degree relative of an affected case if the 

fi rst - degree relative is deceased from other causes  
  3.     The test subject should be 18 years or older  
  4.     The test subject should be mentally and physically healthy  
  5.     The test subject should not be under emotional stress (e.g. recently married or divorced, has become unemployed, pregnant, etc.)  
  6.     The test subject should participate as a volunteer without infl uence from a third party  
  7.     The test subject should receive a minimum of two genetic counselling sessions before the blood is drawn  
  8.     The test subject can request more than two genetic counselling sessions  
  9.     Genetic counselling should be given by professionals with a specifi c knowledge about amyotrophic lateral sclerosis and genetics  

  10.     After the blood sample has been drawn, the mutation analysis should be performed as quickly as possible to minimise the 
emotional discomfort of the procedure  

  11.     The test subject should be informed of the test result at a personal meeting with a genetic counsellor. The test result should never 
be given by letter or electronic communication  

  12.     It is advisable that the test subject be accompanied by a close friend at the genetic counselling sessions and when the test result is 
announced  

  13.     The test subject can at any time demand that the blood sample and test records be destroyed  
  14.     The test subject can at any time and without explanation withdraw from the test procedure and choose not to be informed of the 

test result  
  15.     Professional and community resources should be available to deal with the impact of the test result on the test subject and relatives  
  16.     The test result is private and should be kept in a separate fi le in the medical chart  
  17.     The test result is private, and no third party can request taking part in the result (unless regulated otherwise by national legislation)     
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 Good Practice Points 
       1.     Symptoms or signs of respiratory insuffi ciency (including symptoms of nocturnal hypoventilation) should be checked at each 

visit.  

  2.     Forced vital capacity and vital capacity are the most available and practical tests for the regular monitoring of respiratory 
function.  

  3.     SNP may be used for monitoring, particularly in bulbar patients with weak lips.  

  4.     Percutaneous nocturnal oximetry is recommended as a screening test and for monitoring respiratory function.  

  5.     Symptoms or signs of respiratory insuffi ciency should prompt discussions with the patient and caregivers about treatment 
options and the terminal phase. Early discussions are needed to allow advance planning and directives.  

  6.     NIPPV should be considered in preference to IMV in patients with symptoms or signs of respiratory insuffi ciency.  

  7.     Active management of secretions and provision of cough assist devices can increase the effectiveness of assisted ventilation in ALS.  

  8.     NIPPV can prolong survival for many months and can improve the patient ’ s quality of life.  

  9.     NIPPV and IMV have a major impact upon caregivers, and should be initiated only after informed discussion.  

  10.     Unplanned (emergency) IMV should be avoided through an early discussion of end of life issues, co - ordination with palliative 
care teams, and appropriate advance directives.  

     Figure 17.1.     Flowchart for the management of respiratory dysfunction in amyotrophic lateral sclerosis (ALS)/motor neuron disease (MND)  .  
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  Enteral  n utrition in  p atients with  ALS  
 Weight loss and body impedance analysis changes  [163]  
are independent prognostic factors of survival in ALS. 
Data are appearing indicating that ALS patients have an 
increased resting energy expenditure  [164, 165] . The 
initial management of dysphagia in patients with ALS is 
based on dietary counselling, modifi cation of food and 
fl uid consistency (blending food, adding thickeners to 
liquids), prescription of high - protein and high - caloric 
supplements, and education of the patient and carers in 
feeding and swallowing techniques such as supraglottic 
swallowing and postural changes  [166, 167] . Flexing the 
neck forward on swallowing to protect the airway ( ‘ chin -
 tuck manoeuvre ’ ) may be helpful. Some patients with 

diffi culty swallowing tap water can drink fl uids contain-
ing carbonate and/or citrate, and/or ice - cold fl uids. As 
dysphagia progresses, these measures become insuffi -
cient, and tube feeding is needed. Three procedures 
obviate the need for major surgery and general anaesthe-
sia: percutaneous endoscopic gastrostomy (PEG), percu-
taneous radiologic gastrostomy (PRG, or radiologically 
inserted gastrostomy), and nasogastric tube (NGT) 
feeding. 

 PEG is the standard procedure for enteral nutrition in 
ALS and is widely available  [166, 167] . PEG improves 
nutrition, but there is no convincing evidence that it 
prevents aspiration or improves quality of life or survival 
 [167] . The procedure requires mild sedation and is there-
fore more hazardous in patients with respiratory impair-
ment and/or at an advanced stage of the disease  [166, 
167] . Non - invasive ventilation during the PEG procedure 
may be feasible in ALS patients with respiratory impair-
ment. The timing of PEG is mainly based on symptoms, 
nutritional status, and respiratory function  [167] . To 

  11.     Oxygen therapy alone should be avoided as it may exacerbate carbon dioxide retention and oral dryness. Use oxygen only if 
symptomatic hypoxia is present.  

  12.     The medical treatment of intermittent dyspnoea should involve:  

   –      for short dyspnoeic bouts: relieve anxiety and give lorazepam 0.5 – 2.5   mg sublingually;  

   –      for longer phases of dyspnoea (  30 minutes): give morphine 2.5   mg orally or s.c.    

  13.     For the medical treatment of chronic dyspnoea, start with morphine 2.5   mg orally four to six times daily. For severe dyspnoea, 
give morphine s.c. or as an i.v. infusion. Start with 0.5   mg/h and titrate. If needed, add midazolam (2.5 – 5   mg) or diazepam for 
nocturnal symptom control and to relieve anxiety (fi gure  17.1 ).     

  Table 17.15    Proposed criteria for  NIPPV    [25,146, 150]  . 

     Symptoms/signs related to respiratory muscle weakness. At 
least one of the following:  

        Dyspnoea  
        Tachypnoea  
        Orthopnoea  
        Disturbed sleep due to nocturnal desaturation/arousals  
        Morning headache  
        Use of auxiliary respiratory muscles at rest  
        Paradoxical respiration  
        Daytime fatigue  
        Excessive daytime sleepiness (ESS    9)  

  and  
     Abnormal respiratory function tests. At least one of the 

following:  
        Forced vital capacity   80% of predicted value  
        Sniff nasal pressure   40   cmH 2 O  
        PI max   60 mmH2O  
        Signifi cant nocturnal desaturation on overnight oximetry  
        Morning blood gas  p CO 2     45   mmHg  

   ESS, Epworth Sleepiness Score.   

  Table 17.16    The advantages and drawbacks of invasive 
mechanical ventilation. 

  Advantages  
     Prevents aspiration  
     Ability to provide more effective ventilator pressures and 

better gas exchange  

  Drawbacks  
     Generates more bronchial secretions  
     Increases risk of infection  
     Introduces risk of tracheo - oesophageal fi stula, tracheal 

stenosis, or tracheomalacia  
     Greatly increased costs  
     Increased family and carer burden, including 24 - h nursing 

requirement  
     Ethical issues regarding discontinuation  
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  Cognition in  ALS  
 ALS is associated with a frontotemporal syndrome in a 
signifi cant proportion of cases, and these patients have a 
shorter survival  [175] . Suggested risk factors include old 
age, male sex, poor education, family history of demen-
tia, low forced vital capacity, pseudobulbar palsy, and 
a bulbar site of onset, although the data are not conclu-
sive  [176] . 

 Between 5% and 15% of patients with ALS meet the 
diagnostic criteria for frontotemporal dementia, typically 
a frontal variant with marked executive dysfunction and 
behaviour change  [177] . Progressive non - fl uent aphasia 
and semantic dementia have also been reported  [178] . 
Another 25 – 50% show mild cognitive (ALSci) and/or 
behavioural (ALSbi) impairment  [179] . ALSci is associ-
ated with early defi cits in verbal fl uency and a mild dys-
executive syndrome  [180] . ALSbi presents with behaviour 
change that partially meets the criteria for frontotempo-
ral dementia, including disinhibition, loss of insight, lack 
of volition/apathy, and stereotyped and ritualistic behav-
iour  [181, 182] . Impairment in emotional processing and 
social cognition has also been described  [183, 184] . 

 Carers may be unaware of mild impairment as increas-
ing physical disability results in a loss of autonomy and 
a greater reliance on others for daily tasks. Executive 
dysfunction may manifest as diffi culties in managing 
affairs/fi nances, planning for the future, making deci-
sions, and learning new tasks, including the use of equip-
ment associated with symptomatic treatment for ALS 
(e.g. gastrostomy, NIPPV). Language changes may mani-
fest as reduced verbal output (see the next section). 

 Assessing predictors of frontotemporal dysfunction in 
ALS is an important research area. Atrophy on magnetic 
resonance imaging, or ocular fi xation instabilities, may 
be biomarkers of behavioural and cognitive abnormali-
ties  [185 – 187] . 

 A number of screening batteries have been proposed 
for diagnosing cognitive impairment  [176, 188, 189] . 
Verbal fl uency defi cits are a sensitive measure of cogni-
tive dysfunction if testing is appropriately modifi ed to 
account for physical defi cits and results standardized to 
educational attainment and premorbid IQ  [176] . More 
extensive full neuropsychological assessment is war-
ranted where cognitive impairment has been suspected. 
Considering the progression of cognitive impairment in 
the disease, a careful prospective population - based 
cohort study is required to determine prevalence and 

minimize risks, PEG should be performed before vital 
capacity falls below 50% of predicted  [168, 169] . 

 PRG is a newer alternative to PEG and has the major 
advantage that it does not require patient sedation for 
insertion  [167, 170, 171] . The rate of successful PRG 
insertion is reportedly higher than that for PEG  [170, 
172] , but PRG is not widely available. NGT insertion is 
a minor procedure that can be performed on all patients, 
but it has several disadvantages  [167, 173] . NGT place-
ment increases oropharyngeal secretions and is associ-
ated with nasopharyngeal discomfort, pain, or even 
ulceration. 

 A recent observational study suggested that home par-
enteral nutrition is possible in patients with advanced 
ALS and poor respiratory function as an alternative to 
enteral feeding  [174] . However, further studies are 
needed to evaluate the safety and effi cacy of this method.    

 Good Practice Points 
       1.     Bulbar dysfunction and nutritional status, including at 

least weight, should be checked at each visit. Diffi culty 
drinking tap water is frequently the fi rst sign of 
signifi cant dysphagia.  

  2.     Patients should be referred to a dietitian as soon as 
dysphagia appears. A speech and language therapist can 
give valuable advice on swallowing techniques.  

  3.     The timing of PEG/PRG is based on an individual 
approach taking into account bulbar symptoms, 
malnutrition (weight loss of over 10 %), respiratory 
function, and the patient ’ s general condition. Early 
insertion of a feeding tube is highly recommended.  

  4.     When PEG is indicated, patient and carers should be 
informed: (1) of the benefi ts and risks of the procedure; 
(2) that it is possible to continue to take food orally as 
long as it is possible; and (3) that deferring PEG to a late 
disease stage may increase the risk of the procedure.  

  5.     PRG is a suitable alternative to PEG. This procedure can 
be used as the procedure of choice or when PEG is 
deemed hazardous.  

  6.     Tubes with relatively large diameter (e.g. 18 – 22 Charri è re) 
are recommended for both PEG and PRG in order to 
prevent tube obstruction.  

  7.     Prophylactic medication with antibiotics on the day of the 
operation may reduce the risk of infections.  

  8.     NGT may be used for short - term feeding and when PEG 
or PRG is not suitable.     
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tive conversation, and the introduction of alternative 
communication devices where appropriate. Augmentive 
and alternative communication systems can substantially 
improve the quality of life for both patients and carers 

 Prosthetic treatments (palatal lift and/or a palatal aug-
mentation prosthesis) can be useful in the reduction of 
hypernasality and improvement of articulation. For 
those requiring full mechanical ventilation, eye - pointing, 
eye - gaze or head - tracking augmentive high - tech com-
munication devices may be useful. Brain – computer 
interfaces and electroencephalogram and evoked poten-
tial methods may prove useful in the future.    

incidence of cognitive impairment in ALSci and ALSbi, 
the rate of progression, and the degree of clinical overlap 
between the subgroups.    

 Good Practice Points 
       1.     Regular assessment (i.e. every 3 – 6 months) of speech and 

language function by a trained speech and language 
therapist is recommended.  

  2.     Those with evidence of early language defi cits should 
undergo full neuropsychological testing.  

  3.     The use of appropriate communication support systems 
(ranging from pointing boards with fi gures or words, 
to computerized speech synthesizers) should be 
individualized, and appropriate training and support 
provided as required.       Communication in  ALS   p atients 

 The majority of clinically apparent communication dif-
fi culties in ALS result from dysarthria. However, subtle 
changes in language function may also occur, as evi-
denced by reduced verbal output, reduced spelling 
ability, increased word - fi nding diffi culties, and impaired 
auditory comprehension of specifi c classes of language 
(e.g. verbs more than nouns) and more complex lan-
guage constructs  [190 – 192] . Defi cits may be subtle and 
only identifi able with formal neuropsychological testing 
 [176, 193] . Language impairment can have a deleterious 
effect on the quality of life of both patients and carers, 
and can render clinical management more diffi cult  [193] . 

 Communication should be routinely assessed by a 
speech and language therapist. Formal neuropsychologi-
cal evaluation and support may be required in patients 
with concomitant evolving language defi cits (see the pre-
vious section). The overall goal should be to optimize the 
effectiveness of communication, concentrating on mean-
ingful interpersonal communication with the primary 
carer and family. This should include strategies for effec-

  Palliative and  e nd of  l ife  c are 
 A palliative care approach should be incorporated into 
the care plan for patients and carers from the time of 
diagnosis  [194]  (Class III recommendation). Early refer-
ral to a specialist palliative care team is often appropriate. 
Palliative care based in the community or through 
hospice contacts (e.g. home care teams) can proceed in 
partnership with clinic - based neurological multidisci-
plinary care. The aim of palliative care is to maximize the 
quality of life of patients and families by relieving symp-
toms, providing emotional, psychological, and spiritual 
support as needed, removing obstacles to a peaceful 
death, and supporting the family in bereavement  [104, 
195] . A small proportion of ALS patients express interest 
in assisted suicide  [196]  and may choose euthanasia 
where it is legalized  [197] . Various other aspects of ter-
minal care have been covered in previous sections.    

 Good Practice Points 
       1.     A frontotemporal syndrome occurs in up to 50% of 

patients with ALS and is associated with a poorer 
prognosis. Symptoms of cognitive dysfunction may 
appear before or after the onset of motor symptoms.  

  2.     The Mini - Mental State Examination is an insensitive test 
for ALSci and ALSbi.  

  3.     Rapid screening tools that include tests of verbal fl uency 
can identify patients in whom more detailed 
neuropsychological evaluation is mandated.  

  4.     In all patients with frontal dysexecutive syndromes, care 
needs to be taken to ensure informed consent during 
decision - making; capacity issues may need to be 
considered.  

  5.     Education of carers/clinicians on the symptoms of 
dysexecutive syndrome and training strategies is required.     
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 Good Practice Points 
       1.     Whenever possible, offer input from a palliative care 

team early in the course of the disease.  

  2.     Initiate discussions on end of life decisions when the 
patient asks or provides an opportunity for a discussion 
on the provision of end of life information and/or 
interventions.  

  3.     Discuss the options for respiratory support and end of 
life issues if the patient has dyspnoea, other symptoms 
of hypoventilation (see table  17.15 ), or a forced vital 
capacity below 50%.  

  4.     Inform the patient of the legal situation regarding 
advance directives and the naming of a healthcare 
proxy. Offer assistance in formulating an advance 
directive.  

  5.     Re - discuss the patient ’ s preferences for life - sustaining 
treatments every 6 months.  

  6.     Initiate early referral to hospice or homecare teams well 
in advance of the terminal phase of ALS.  

  7.     Be aware of the importance of spiritual issues for the 
quality of life and treatment choices. Establish a liaison 
with local pastoral care workers in order to be able to 
address the needs of the patient and relatives.  

  8.     For the symptomatic treatment of dyspnoea and/or pain 
of intractable cause use opioids alone or in combination 
with benzodiazepines if anxiety is present. Titrating the 
dosages against the clinical symptoms will rarely if ever 
result in a life - threatening respiratory depression ( [198] , 
Class I A recommendation;  [195] ).  

  9.     For treating terminal restlessness and confusion due to 
hypercapnia, neuroleptics may be used (e.g. 
chlorpromazine 12.5   mg every 4 – 12   h p.o., i.v., or p.r.).  

  10.     Use oxygen only if symptomatic hypoxia is present.     

 Research Recommendations 
       1.     Further studies of biomarkers (imaging, blood and 

cerebrospinal fl uid proteomics and metabolomics, 
neurophysiological markers) to aid earlier specifi c ALS 
diagnosis and to monitor possible effects in clinical trials.  

  Future  d evelopments 
 Being a syndrome with low incidence and short survival, 
most recommendations are GPPs based on consensus of 
experts from the fi eld of ALS. Further randomized and 
double - blinded clinical trials are urgently needed to 
improve the management of ALS.    

  2.     Further studies of the impact of specialist MD clinics on 
clinical outcomes, quality of life, and carer burden.  

  3.     Further studies to optimize the symptomatic treatment 
of muscle cramps, drooling, and bronchial secretions in 
ALS patients.  

  4.     Better criteria for defi ning the use of PEG, PRG, NIPPV, 
and IMV.  

  5.     Further studies to evaluate the effects of PEG/PRG, 
cough - assisting devices, and ventilation support on 
quality of life and survival.  

  6.     Further studies to evaluate language dysfunction and its 
treatment in ALS.  

  7.     Systematic studies to assess the cognitive impairment 
and the frequency of frontal lobe dysfunction in ALS 
and to standardize clinical, neuropsychological, and 
neuroradiological methods in this fi eld. Future ALS 
diagnostic criteria should include parameters regarding 
cognitive dysfunction and dementia.  

  8.     Studies of the medico - economical impact of more 
expensive procedures (NIPPV, IMV, cough - assist devices, 
advanced communication equipment).  

  9.     Further studies to harmonize the patient databases of 
ALS centres.  

  10.     Further studies on the psychosocial and spiritual 
determinants of quality of life in patients and their 
family caregivers are needed, as well as studies on the 
prevalence of and determinants for wishes for a 
hastened death.     
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  1     Prior paralytic poliomyelitis with evidence of motor 
neuron loss, as confi rmed by history of the acute para-
lytic illness, signs of residual weakness, and atrophy of 
muscles on neurological examination, and signs of 
denervation on electromyography (EMG).  
  2     A period of partial or complete functional recovery 
after acute paralytic poliomyelitis, followed by an interval 
(usually 15 years of more) of stable neurologic 
function.  
  3     Gradual or sudden onset of progressive and persis-
tent muscle weakness or abnormal muscle fatigability 
(decreased endurance), with or without generalized 
fatigue, muscle atrophy, or muscle and joint pain. 
(Sudden onset may follow a period of inactivity, or 
trauma, or surgery.) Less commonly, symptoms attrib-
uted to PPS include new problems with swallowing or 
breathing.  
  4     Symptoms persist for at least 1 year.  
  5     Exclusion of other neurologic, medical, and orthopae-
dic problems as causes of symptoms.    
 The symptoms reported for PPS are the same from all 
parts of the world. Muscle weakness, atrophy, generalized 
fatigue, post - exercise fatigue, muscle pain, fasciculations, 
cramps, cold intolerance, and joint pain dominate [3, 
5 – 12] . A history of previous paralytic polio seems to 
increase long - term mortality  [13] . 

 Deterioration of the neuromuscular function, overuse 
of motor units, the general ageing process, and infl am-
matory changes in the central nervous system and serum, 
have all been proposed as possible explanations for the 
new symptoms  [14 – 17] . However, the underlying mech-
anisms are not fully elucidated, and we cannot conclude 
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   Objectives 

 The aim was to revise the existing EFNS task force docu-
ment, with regard to a common defi nition of PPS, and 
evaluation of the existing evidence for the effectiveness 
and safety of therapeutic interventions. By this revision, 
clinical guidelines for management of PPS are provided.  

  Background 

 Many previous polio patients experience new muscle 
weakness, fatigue, myalgia and joint pain, and cold intol-
erance, and develop new atrophy several years after acute 
paralytic poliomyelitis. The fi rst case of new atrophy and 
weakness many years after acute paralytic polio was fi rst 
described in 1875 by Raymond  [1, 2] . 

 The term post - polio syndrome (PPS) was introduced 
by Halstead in 1985  [3] . In general, PPS has been inter-
preted as a condition with new muscle weakness or fati-
gability in persons with a confi rmed history of acute 
paralytic polio, usually occurring several decades after 
the acute illness. 

 As PPS is reckoned to be a chronic disease, the EFNS 
task force on post - polio syndrome recommends that the 
criteria published by March of Dimes (MoD) in 2000  [4]  
should be regarded as universal criteria for PPS. 
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  Role of  c linical  n europhysiology 

 Clinical neurophysiology is used for four main reasons. 
First, to establish typical lower motor neuron involve-
ment (neurogenic EMG fi ndings, normal fi ndings of 
the sensory and motor nerves except for parameters 
refl ecting muscle atrophy). Second, to exclude other 
causes. This is part of the PPS defi nition, and it is 
not uncommon to fi nd patients in whom the initial diag-
nosis of polio must be revised. Third, to fi nd concomi-
tant nerve or muscle disorders, such as entrapments and 
radiculopathies. Fourth, to assess the degree of motor 
neuron loss. This cannot be quantifi ed clinically, since 
loss of neurones may be completely masked by compen-
satory nerve sprouting and muscle fi bre hypertrophy. 
Macro EMG studies have shown that loss of up to 50% 
of neurons may be compatible with a normal clinical 
picture  [15] . 

 In longitudinal studies with macro EMG, a continuous 
loss of neurons is demonstrated with exaggerated speed 
compared to normal age - dependent degeneration [34] . 
New weakness appears when the compensatory mecha-
nisms are no longer suffi cient, and occurs when macro 
motor unit potential (MUP) exceeds 20 times the normal 
size  [34] .  

  Search  s trategy 

 MEDLINE via Pubmed, EMBASE, ISI, and Cochrane 
were searched with time limits 1966 until 2004. Search 
terms were post - polio syndrome, postpoliomyelitis, 
PPMA, PPMD, poliomyelitis, in combination with man-
agement, therapy, treatment, medicaments, physiother-
apy, and intervention. 

 In the present revised document, the database search 
was supplied with the years 2004 – 2009. 

 No meta - analyses of intervention for PPS were found 
when searching the databases, but one Cochrane review 
is being prepared  [35] . Data were classifi ed according to 
their scientifi c level of evidence as Class I – IV  [36] . Rec-
ommendations are given as Level A – C according to the 
scheme for EFNS guidelines. When only Class IV evi-
dence was available but consensus could be reached 
the task force gives our recommendations as Good Prac-
tice Points (GPP) [36] . Consensus was reached mainly 
through email correspondence. 

which underlying factors are causing PPS. Regarding the 
clinical course, there is increasing evidence that the 
decline in muscle strength is slow with modest effect on 
functional tasks  [18, 19] . Generalized fatigue is a common 
complaint among PPS patients, and not well understood, 
although both neuromuscular decline and increased 
levels of infl ammatory cytokines indicate that fatigue in 
PPS should be reckoned as a physical entity  [16, 20] . 
From a clinical point of view it should be emphasized 
that comorbidity could cause PPS -  mimicking condi-
tions, requiring other investigations and treatments 
 [10, 21 – 23] . 

 The prevalence of PPS has been reported from 15 to 
80% of all patients with previous polio, depending on the 
criteria applied and population studied  [5, 10, 24 – 28] . In 
many population - based studies, terms such as  ‘ late - onset 
polio symptoms ’  have been used instead of PPS. Hospital -
 based studies use the term PPS, but in these studies it is 
always debatable whether the patient material is repre-
sentative. Exact prevalence of PPS is therefore diffi cult to 
establish. For European populations, one Dutch study 
reported a prevalence of late - onset polio symptoms of 
46%, one study from Edinburgh reported a prevalence of 
more than 60%, in Estonia a prevalence of 52% has been 
reported, Norway 60%, and Denmark 63%  [5, 29 – 31] . 

 With regard to symptomatic treatment and clinical 
purposes, the difference between stable muscle weakness 
after polio and PPS seems as yet rather irrelevant. Still, it 
would be of great benefi t to have a consensus on the term 
PPS for research and when evidence - based therapeutic 
interventions have become available. The MoD criteria 
are based on the principle of exclusion of other causes 
for new deterioration, where PPS is characterized with 
new muscle weakness or abnormal muscle fatigability, 
and persistence of symptoms for at least 1 year. The 
diagnosis of PPS is an exclusion diagnosis with no test or 
analysis specifi c for PPS, and the role of the investigation 
is to rule out every other possible cause for the new 
symptoms and clinical deterioration. 

 Many patients report a sense of weakening in the 
muscles before it is detectable by clinical examination, 
although dynamometric muscle strength evaluation and 
computed tomography (CT) imaging may be helpful 
 [32, 33] . Atrophy is the end stage of new neuromuscular 
deterioration and by using this as a necessary criterion, 
patients in an earlier stage of neuromuscular deteriora-
tion will be excluded.  
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 Several reports of increased levels of infl ammatory 
markers in serum and CSF in PPS have raised the ques-
tion whether immunological changes could be a part of 
the pathophysiology in PPS  [16, 17, 46] . These fi ndings 
have also presented a rationale for investigating immune -
 modulating therapies in PPS. Intravenous immunoglob-
ulin (IVIg) has been tried in three therapeutic intervention 
studies. Gonzalez  et al . performed a multicentre double -
 blinded randomized study including 135 patients where 
the primary endpoints were muscle strength in a pre -
 selected muscle group and quality of life measured with 
the SF - 36 scale. The patients were treated with either 
placebo or 90 g IvIg, repeated after 3 months. A signifi -
cant difference on muscle strength was found, but no 
signifi cant effect on the SF - 36 on pain, balance, or sleep 
quality [47] . Farbu  et al . performed a double - blinded ran-
domized study with 20 patients with the primary end-
points muscle strength (isometric), pain (VAS), and 
fatigue (FSS) after 3 months  [48] . The patients were 
treated with one dose of IvIg (2 g/kg body weight). A 
signifi cant effect was found on pain, but not on muscle 
strength or fatigue. One open study with 14 patients 
explored the effect of 90 mg IvIg on muscle strength, 
physical ability measured by walking test, and quality of 
life (SF - 36)  [49] . There was a positive effect on quality 
of life, but not on muscle strength or physical ability. 
These studies indicate that IvIg could have a modest 
therapeutic benefi t in PPS, but they include a small 
number of patients, the results are diverging according 
to which symptoms improving after treatment, and the 
IvIg has not been compared with other therapies like 
specifi c training programmes. There is also a remaining 
question about the appropriate dose of IvIg and thera-
peutic interval. Hence, IvIg can at present not be recom-
mended as standard treatment in PPS, despite two Class 
1 studies  [50] .  

  Muscular  t raining 
 It has been claimed that muscular overuse and training 
may worsen the symptoms in patients with residual 
weakness after paralytic polio, and even provoke a further 
loss of muscular strength. [51] . Many post - polio patients 
have been advised to avoid muscular overuse and inten-
sive training  [4, 52] . Studies of morphology and oxidative 
capacity in the tibialis anterior muscle indicate a high 
muscular activity due to gait and weight bearing  [53, 54] . 
When followed prospectively, the macro EMG motor 

 A questionnaire about diagnosis, management, and 
care of post - polio patients was answered by the group 
members from The Netherlands, Norway, Poland, 
Sweden, and the United Kingdom in the fi rst version; this 
has not been repeated in this revision.  

  Results 

  Therapeutic  i nterventions 

  Acetylcholinesterase  i nhibitors,  s teroids, 
 a mantadine,  m odafi nil,  l amotrigine,  c oenzyme 
 Q 10,  i ntravenous  i mmunoglobulin ( IVI  g ) 
 The effect of acetylcholinesterase inhibitors in PPS 
has been investigated in four studies with particular 
emphasis on fatigue, muscular strength, and quality of 
life. One open pilot study indicated a positive effect on 
fatigue  [37, 38] , but this was not confi rmed in two dou-
ble - blinded randomized controlled trials using a daily 
dose of 180 mg pyridostigmine  [39, 40] . Horemans  et al . 
reported a signifi cant improvement in walking perfor-
mance, but the difference in quadriceps strength was not 
signifi cant as reported by Trojan  et al . Hence, there is 
evidence at Class I that pyridostigmine is not effective in 
the management of fatigue and muscular strength in 
PPS. One randomized study explored the effect on 
fatigue of 400 mg modafi nil daily in PPS  [41] . Modafi nil 
was not superior to placebo, and there is Class I evidence 
that modafi nil is not effective on fatigue in PPS. There 
are two randomized placebo - controlled studies investi-
gating the effect of high - dose prednisolone (80 mg daily) 
and amantandine (200 mg daily) on muscular weakness 
and fatigue (prednisone), and fatigue (amantadine)  [42, 
43] . They included a small number of patients, 17 and 23 
respectively, and only Stein  et al . included statistical 
power calculations. There was no signifi cant effect on 
muscular strength or fatigue in any of these Class I studies. 

 Lamotrigine has been tried in an open study (15 
patients treated with 50 – 100 mg lamotrigine daily), 
where a positive effect on quality of life (Nottingham 
Health Profi le), pain (VAS), and fatigue (FSS) was found 
after 2 and 4 weeks  [44] . A double - blinded randomized 
study is needed to confi rm this fi nding. In a randomized 
double - blinded pilot study of coenzyme Q10 (200 mg 
daily) including 14 patients, no additional effect to resis-
tance muscle training was found  [45] . 
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maximal work load, intermittent breaks, and rest periods 
between exercise sessions to prevent the likelihood of 
overuse effects. This is an important aspect for PPS 
patients in general. Most of the participating patients in 
these studies younger than 60 years, and the effect of 
exercise programmes older patients is therefore less 
documented. 

 One randomized controlled study of post - polio 
patients with pain, weakness, and fatigue in their shoul-
der muscles compared the effect of exercise only, exercise 
in combination with lifestyle modifi cation, and lifestyle 
modifi cation only  [68] . Signifi cant improvement was 
found only for the two groups with exercise (Class II). 
The endpoints in this study were combinations of 
several symptoms. Further studies are needed to identify 
improvement on particular symptoms before conclu-
sions are drawn regarding lifestyle modifi cations.  

  Treatment in a  w arm  c limate and  t raining 
in  w ater 
 Anecdotal reports from post - polio patients indicate a 
positive effect of a warm climate and of training in warm 
water with respect to pain and fatigue. One randomized 
controlled study reported a signifi cant reduction in 
pain, health - related problems, and depression for both 
groups after completing identical training programmes 
in either Norway or Tenerife  [69] . No signifi cant differ-
ence in walking tests was seen. Both groups improved 
their walking skills, reduced their level of fatigue, depres-
sion, and health - related problems. However, the effect 
remained signifi cantly longer in the Tenerife group 
(Class I). 

 Dynamic non - swimming water exercises for post -
 polio patients have been reported to reduce pain, improve 
cardiovascular conditioning, and increase subjective 
wellbeing in a controlled but not randomized study 
(Class III)  [70] . A qualitative interview study (Class IV) 
indicated a positive effect on the self - confi dence when 
performing group training in water  [71] .  

  Respiratory  a id 
 Reduced pulmonary function due to weak respiratory 
muscles and/or chest deformities may occur in patients 
with previous polio  [22, 72] . Patients with chest deformi-
ties have an increased risk of nocturnal hypoventilation 
and sleep - disordered breathing  [22, 73, 74] . The preva-

unit potential amplitude (MUP) in the tibialis anterior 
muscle was found to be increased after 5 years, whereas 
there was no change in the macro MUP amplitude in 
the biceps brachii muscle  [55] . This indicates a more 
pronounced denervation - reinnervation process in the 
tibialis muscle, which may be due to daily use and higher 
muscle activities in the leg muscles. However, there 
are no prospective studies, which show that increased 
muscle activity or training lead to loss of muscular 
strength compared to absence of training or less muscu-
lar activity. On the contrary, patients who reported 
regular physical activity had fewer symptoms and a 
higher functional level than physically inactive patients 
 [11, 56] . One randomized controlled trial reported 
signifi cant improvement in muscular strength after a 12 -
 week training programme with isometric contraction 
of hand muscles  [57] . Non - randomized trials with train-
ing programmes lasting from 6 weeks to 6 months 
involving both isokinetic, isometric, and endurance mus-
cular training have shown a signifi cant increase in both 
isokinetic and isometric muscle strength  [58 – 61] . Oncu 
 et al . found that both time - limited hospital and home 
exercise programmes improved fatigue and quality of life 
in the short term  [62] . No complications or side effects 
were reported. Hence, there is evidence at Class II and III 
that supervised training programmes increase muscle 
strength and can improve quality of life and relieve 
fatigue in patients with post - polio syndrome. Two fol-
low - up open studies of multidisciplinary rehabilitation 
report a positive effect on fatigue and physical capacity 
up to 1 year after the intervention  [63, 64] . This is prom-
ising, but long - term effects (several years) of training are 
not documented and deserve prospective studies. For 
patients without cardiovascular disease, one randomized 
controlled study reported improved cardiovascular 
fi tness after supervised exercise programmes using 
ergometer cycle  [65]  (Class I). Aerobic training in upper 
extremities had a benefi cial effect on oxygen consump-
tion, minute ventilation, power, and exercise time  [66]  
(Class II). Aerobic walking exercises can help to econo-
mize movements and increase endurance without 
improvement in cardiovascular fi tness  [67] . Ernstoff 
 et al . reported an increase in work performance by 
reduction of heart rate during exercises; hence endurance 
training seems to improve cardiovascular conditioning 
(Class IV). It is important to emphasize that most exer-
cise studies have been executed with supervision, sub-
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proper orthoses, walking sticks, and wheelchairs facilitate 
daily life activities (GPPs). Participating in muscle - train-
ing programmes and endurance training will, in many 
cases, also lead to weight loss, but there is no evidence 
that weight reduction alone can ameliorate symptoms. 
Patients with BMI (body mass index)        25, which is 
defi ned as overweight, did not report more symptoms 
than those of normal weight  [10] . On the other hand, a 
recent weight gain was found to be a predictive factor for 
PPS  [86] . Sleep disorders are common among PPS 
patients  [10] , and can be a mix of obstructive sleep 
apnoea, frequency of tiredness on waking up and during 
the day, headache on waking up, daytime sleepiness, 
restless legs, and hypoventilation  [87 – 89] . It is widely 
accepted that obesity is related to obstructive sleep 
apnoea, and weight control is crucial for this disorder 
 [90] . The number of patients receiving mechanical home 
ventilation because of obesity - induced hypoventilation 
has increased  [91] . From this perspective, there is a ratio-
nale for reducing excess weight in PPS patients (Class 
IV). 

 One pilot study reported that a change from metal 
braces to lightweight carbon orthoses can be useful 
and increase walking ability in polio patients with new 
pareses  [92] . This has been confi rmed in two other open 
uncontrolled studies  [93, 94] , and there is Class III 
evidence that lightweight orthoses should be preferred 
compared to metal braces. Biomechanical analysis of 
the walking pattern can lead to optimal design of ortho-
ses and improve function in the lower limbs (Class IV) 
 [94, 95] . 

 Frequent periods of rest, energy conservation, and 
work simplifi cation skills are thought to be useful for 
patients with fatigue  [96] .  

  Coming to  t erms with  n ew  d isabilities, 
 e ducational  i nterventions 
 New loss of function, increase in disability, and handicap 
are common in post - polio patients  [5, 10, 97] . This can 
lead to reduced wellbeing and emotional stress. Group 
training with other post - polio patients, participation, 
and regular follow - up at post - polio clinics can prevent a 
decline in mental status and give a more positive experi-
ence of the  ‘ self  ’   [71, 98]  (Class III). Acceptance of assis-
tive devices, environmental support, and spending more 
time on daily tasks can facilitate coping with home and 
occupational life (Class III)  [99] .      

lence of respiratory impairment is highest among patients 
who were treated with artifi cial ventilation in the acute 
phase  [22] . Shortness of breath is a common complaint 
in many post - polio patients, but is not necessarily related 
to respiratory impairment, but rather to orthopaedic and 
general medication problems. Two hospital - based studies 
showed that respiratory function was normal in the 
majority of patients reporting shortness of breath, and 
cardiovascular deconditioning and being overweight 
were the most common cause for this symptom  [10, 75] . 
Respiratory impairment can occur without shortness 
of breath and can present with daytime somnolence, 
morning headache, and fatigue  [67] . There are no ran-
domized trials evaluating the effect of respiratory aids. 
Reports indicate that early introduction of non - invasive 
respiratory aids like intermittent positive pressure venti-
lation (IPPV) or biphasic positive pressure (BIPAP) ven-
tilators via mouthpiece or nasal application can stabilize 
the situation and prevent complications such as chest 
infections, further respiratory decline, and invasive ven-
tilatory aid (tracheostomy)  [73, 76] , and also improve 
exercise capacity  [77]  (Class IV). If invasive ventilatory 
aid is needed, PPS patients with a tracheostomy and 
mechanical home ventilation are reported to have good 
perceived health despite severe physical disability  [78]  
(Class III). For patients already using intermittent respi-
ratory aids, respiratory muscle training is useful  [79]  
(Class IV). General precautions such as stopping 
smoking, mobilization of secretions, and cough assis-
tance are benefi cial  [73] .  

  Bulbar  s ymptoms 
 Weakening of bulbar muscles causing dysphagia, weak-
ness of voice, and vocal changes have been reported 
among patients with PPS  [80 – 83] . Case reports indicate 
that speech therapy and laryngeal muscle training are 
useful for these patients (Class IV)  [83] .  

  Weight  c ontrol,  a ssistive  d evices, 
and  l ifestyle  m odifi cations 
 The importance of reducing weight, adaptation to assis-
tive devices, and modifi cation of activities of daily living 
has been emphasized  [4, 6, 84, 85] . The scientifi c evi-
dence for these recommendations is limited, but there 
was consensus in our group that an individual with weak 
muscles benefi ts from losing excess weight, and that 
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long - term effects of muscular training. A potential posi-
tive effect of IvIg in PPS has been claimed in three recent 
studies, and follow - up studies to investigate whether IvIg 
could be a therapeutic option are needed.  
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ders with similar pathogenetic processes have also been 
applied for NMT disorders. Although present treatment 
strategies are increasingly underpinned by scientifi c evi-
dence, they are still based partly on clinical experience. 
In this paper, we have evaluated the available literature 
and give evidence - based treatment guidelines.  

  Materials and  m ethods 

  Search  s trategy 
 MEDLINE 1966 – 2009 and EMBASE 1966 – 2004 were 
examined with appropriate MESH and free subject terms: 
1 Myasthenia, 2 Myasthenia gravis, 3 Lambert Eaton, 4 
Lambert Eaton myasthenic syndrome/LEMS, 5 Neuro-
myotonia, 6 Isaacs ’  syndrome. 

 1 – 6 was combined with the terms: 7 Treatment, 8 
Medication, 9 Therapy, 10 Controlled clinical trial, 11 
Randomized controlled trial, 12 Clinical trial, 13 Multi-
centre study, 14 Meta - analysis, 15 Crossover studies, 16 
Thymectomy, 17 Immunosuppression 

 The Cochrane Central Register of Controlled Trials 
(CENTRAL) was also sought. 

 Articles in English that contained data which could be 
rated according to the guidance statement for neurologi-
cal management guidelines of EFNS were included  [1] . 

 Information from patient and other voluntary organi-
zations and existing guidelines including those from the 
American Academy of Neurology was reviewed and 
validated according to the above criteria. Finished and 
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   Background and  o bjectives 

 Autoimmune neuromuscular transmission (NMT) dis-
orders are relatively rare, but often debilitating diseases. 
Myasthenia gravis (MG) is caused by autoantibodies 
against components of the postsynaptic neuromuscular 
junction. The autoimmune attack at the muscle endplate 
leads to NMT failure and muscle weakness. Lambert –
 Eaton myasthenic syndrome (LEMS) is caused by anti-
bodies against the voltage - gated calcium channels 
(VGCC) at the presynaptic side of the muscle endplate. 
The antibodies inhibit acetylcholine release and cause 
NMT failure and muscle weakness. Neuromyotonia 
(peripheral nerve hyperexcitability; Isaacs ’  syndrome) is 
caused by antibodies to nerve voltage - gated potassium 
channels (VGKC) that produce nerve hyperexcitability 
and spontaneous and continuous skeletal muscle overac-
tivity, presenting as twitching and painful cramps and 
stiffness. 

 Our increased understanding of the basic mechanisms 
of neuromuscular transmission and autoimmunity has 
led to the development of novel treatment strategies. 
NMT disorders are now amenable to treatment and their 
prognoses are good. Treatment developed for other and 
more common antibody - mediated autoimmune disor-
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  Symptomatic  t reatment 
 Acetylcholine esterase inhibitors (of which pyridostig-
mine is the most widely used) inhibit the breakdown of 
ACh at the neuromuscular junction. This increases the 
availability of ACh to stimulate AChR and facilitates 
muscle activation and contraction. These drugs are most 
helpful as initial therapy in newly diagnosed MG patients, 
and as sole long - term treatment of milder disease. 

 These drugs are usually well tolerated at standard 
doses of up to 60 mg fi ve times per day. Adverse effects 
are caused by the increased concentration of ACh at both 
nicotinic and muscarinic synapses. The common musca-
rinic effects are gut hypermotility (stomach cramps, diar-
rhoea), increased sweathing, excessive respiratory and 
gastrointestinal secretions  [12, 13] , and bradycardia. The 
main nicotinic adverse effects are muscle fasciculations 
and cramps. 

 There are no placebo - controlled randomized studies 
of these drugs, but case reports, case series, and daily 
clinical experience demonstrate an objective and marked 
clinical effect (Class IV evidence). Although there is inad-
equate evidence for a formal recommendation, the task 
force agreed that an anticholinesterase drug should be the 
fi rst - line treatment for all forms of MG (Class IV evi-
dence, GPP). However, its use should be cautious in 
patients with anti - MuSK antibodies who often show Ach 
hypersensitivity  [14] . 

 The optimal dose is determined by the balance between 
clinical improvement and adverse effects, and can vary 
over time and with concomitant treatment. There is one 
report of additional effect of intranasally administered 
pyridostigmine, although this is not commercially avail-
able  [15]  (Class III evidence). 

 3,4 - diaminopyridine releases ACh from nerve termi-
nals. In a double - blind, placebo - controlled trial the drug 
seemed effective in congenital (hereditary and non -
 immune) myasthenia patients. Juvenile MG patients did 
not respond  [16] (Class III evidence). The drug is not 
recommended in autoimmune MG, although it may 
prove useful in some forms of congenital myasthenia 
(Level C recommendation). 

 Ephedrine, increases ACh release. It has probably less 
effect and more severe side effects including sudden death 
and myocardial infarction, compared with pyridostigmine 
 [17]  (Class III evidence). Terbutalin, a B2 - adrenergic 
agonist, has also been tried and seems promising as an 
adjunct for a subgroup of MG patients  [18] . Pyridostig-

ongoing Cochrane data - based projects on LEMS treat-
ment, immunosuppressive MG treatment, IVIg for MG, 
plasmapheresis for MG, and corticosteroids for MG in 
addition to thymectomy for MG were reviewed.  

  Methods for  r eaching  c onsensus 
 Four members of the task force prepared parts of the 
manuscript and draft statements about the treatment of 
MG, LEMS, and neuromyotonia. Evidence was classifi ed 
as Class I – IV and recommendations as Level A – C accord-
ing to the scheme agreed for EFNS guidelines  [1] . When 
only Class IV evidence was available but consensus could 
be reached the task force has offered advice as Good 
Practice Points (GPP)  [1] . The statements were revised 
and collated into a single document, which was then 
revised iteratively until consensus was reached.   

  Myasthenia  g ravis ( MG ) 

 MG is characterized by a fl uctuating weakness of skeletal 
muscle with remissions and exacerbations  [2] . In 85% of 
MG patients, the disease is caused by antibodies against 
the AChR at the postsynaptic side of the neuromuscular 
junction which cause transmission failure and produce 
destruction of the endplate. Of the 15% of generalized 
MG patients without AChR antibodies, 20 – 50% have 
antibodies against another synaptic antigen, muscle -
 specifi c tyrosine kinase [MuSK]  [3] . The remaining 
patients probably have antibodies against unknown anti-
gens at the neuromuscular junction or low level/affi nity 
antibodies against AChR or MuSK that are not detectable 
by standard assays. MG is closely associated with thymic 
pathology. Fifteen per cent of MG patients have a 
thymoma and often have antibodies against additional 
striated muscle antigens such as titin  [4]  and ryanodine 
receptors  [5] . These antibodies are more common in 
thymoma and severe MG and are considered as useful 
markers  [6, 7] . A hypertrophic thymus is found in 60% 
of MG patients, typically young females, while most 
patients with debut after 50 years of age, have a normal 
or atrophic thymus. 

 MG often used to cause chronic, severe disability and 
had a high mortality. However, improved treatment 
allied with advances in critical care have transformed the 
long - term prognosis and life expectancy is now near 
normal  [8 – 11] . 
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also be valuable in lessening symptoms during initiation 
of immunosuppressive drug therapy and during an acute 
crisis. ’  (Class IV evidence). Plasma exchange is recom-
mended as a short - term treatment in MG, especially in 
severe cases to induce remission and in preparation for 
surgery (Level B recommendation). 

 There is one report on the use of repeated plasma 
exchange over a long period in refractory MG. It failed 
to show any cumulative long - term benefi t in combina-
tion with immunosuppressive drugs  [22] (Class II evi-
dence),  [21]  (Class I evidence). Repeated plasma exchange 
is not recommended as a treatment to obtain a continu-
ous and lasting immunosuppression in MG (Level B 
recommendation).  

  Intravenous  i mmunoglobulin ( IVI  g ) 
 IVIg had a positive effect in several open studies, espe-
cially in the acute phase of MG  [23, 24]  (Class IV evi-
dence). It has been used for the same indications as 
plasma exchange; rapidly progressive disease, prepara-
tion of weak patients for surgery including thymectomy, 
and as an adjuvant to minimize long - term side effects of 
oral immunosuppressive therapy  [25] . A recent Cochrane 
review compared the effi cacy of IVIg compared to plasma 
exchange, other treatments, or placebo. It concluded: ‘ the 
only randomised controlled trial examining early treat-
ment effects did not show a signifi cant difference between 
IVIg and plasma exchange for the treatment of myasthe-
nia gravis exacerbations. ’  Non - randomized evidence 
consistently favours the interpretation that they are 
equally effective in this situation  [26, 27] (Class I evi-
dence) (Level A recommendation). Two multicentre ran-
domized controlled studies suggest that, although effi cacy 
is equal, side effects of IVIg may be fewer and less severe. 
Thus, IVIg may be the preferred option  [28]  (Class I 
evidence). However, the controlled study by Gajdos  et al . 
(1997) used a lower volume of plasma exchange than 
usual for the treatment of MG crisis, and the endpoint 
was improvement at a time point set too late to allow 
proper assessment of whether one therapy worked 
quicker than the other. There are published abstracts but 
no papers suggesting that plasma exchange work faster 
in MG crisis. 

 In mild or moderate MG, no signifi cant difference in 
effi cacy of IVIg and placebo was found after 6 weeks. 
In moderate exacerbations of MG no statistically signifi -
cant difference in effi cacy was found between IVIg and 

mine should be preferred to ephedrine in the symptom-
atic treatment of MG (Level C recommendation).  

  Immune -  d irected  t reatment 
 Defi nitive MG treatments target the autoimmune 
response by suppressing the production of pathogenic 
antibodies or the damage induced by the antibodies. 
The aim of immunotheraphy is to induce and then 
maintain remission. MG patients with a thymoma 
and other patients with anti - titin and anti - RyR antibod-
ies usually have a severe disease [6,  19] (Class III evi-
dence), thus, suggesting that more aggressive treatment 
strategies should be considered in these patients (Level C 
recommendation). 

 Most MG treatment studies are insuffi cient. There is 
no consideration of whether patients have had thymec-
tomy. In non - operated patients, it is unknown how many 
of them had thymoma. In studies conducted before 1980, 
the percentage of patients with and without AChR anti-
bodies is not known, and the MuSK antibodies were 
detected recently. There are no controlled and prospec-
tive trials of immunosuppressive treatment in children 
and adolescents. Evidence suggests that each immuno-
logical subtype of MG may be associated with a different 
spectrum of clinical phenotypes and thymus pathologies 
that should be considered when designing optimum 
treatment strategies  [20] .  

  Plasma  e xchange 
 Antibodies are removed from patient sera by membrane 
fi ltration or centrifugation. The onset of improvement is 
within the fi rst week and the effect lasts for 1 – 3 months. 
From unrandomized reports, semi - selective immunoad-
sorption to tryptophan - linked polyvinylalcohol gels or 
protein - A - columns appears to be as effective as plasma-
pheresis, with the advantage that protein substitution is 
not required. 

 Short - term benefi ts of plasma exchange have been 
reviewed by Gajdos  et al . (Cochrane review) [21] , who 
conclude:  ‘ There are no adequate randomized controlled 
trials, but many case series report short - term benefi t 
from plasma exchange in myasthenia gravis, especially in 
myasthenic crisis. ’  The NIH consensus of 1986 states:  ‘ the 
panel is persuaded that plasma exchange can be useful in 
strengthening patients with myasthenia gravis before 
thymectomy and during the postoperative period. It can 
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The outcome for younger TE patients was not signifi -
cantly different from the total MG group. Mild MG 
(Ossermann grade 1 – 2) did not profi t from surgery, 
while more severe cases (Ossermann grade 2b – 4) were 
3.7 times as likely to achieve remission after TE than 
those without surgery (p        0.0077). 

 Gronseth  et al . asserted unequivocally that  ‘ for 
patients with nonthymomatous autoimmune MG, thy-
mectomy is recommended as an option to increase the 
probability of remission or improvement ’ . Their recom-
mendation is supported by this task force with the speci-
fi cation that patients with generalized MG and AChR 
antibodies are the group most likely to benefi t (Level B 
recommendation). 

 The widespread opinion that an early TE in the course 
of MG improves the chance of a quick remission is 
based on observations that lack detailed information and 
cannot be verifi ed by meta - analysis. However, from 
pathogenic considerations it is tempting to assume that 
early TE should be preferred to TE after many years. 

 The indication for TE in AChR antibody - negative MG 
patients is controversial. This group is heterogenic. Some 
patients are false - negative as they have low - affi nity AChR 
antibodies not detected by standard assays  [34] , while 
others have MuSK antibodies and possible other still -
 undetected antibodies. A retrospective cohort study 
displayed a similar postoperative course in AChR anti-
body - negative and AChR antibody - positive patients with 
a follow - up of at least 3 years  [35] . Remission or improve-
ment after TE occurred in 57% of AChR antibody - neg-
ative patients and in 51% of AChR antibody - positive 
patients. One study  [36]  could not prove any effect of TE 
in 15 MuSK antibody - positive patients, while MuSK 
antibodies predicted a poor outcome of TE in another 
study  [37] . Available evidence suggests that TE should 
not be recommended in MuSK antibody - positive 
patients. Early - onset generalized MG without AChR and 
MuSK antibodies should have TE in the same way as MG 
with AChR antibodies. 

 In MG patients with a thymoma, the main aim of TE 
is to treat the tumour rather than for any effect on 
the MG. Once thymoma is diagnosed, TE is indicated 
irrespective of the severity of MG (GPP). Thymoma is 
a slow - growing tumour and TE should be performed 
only after stabilization of the MG. After TE, the AChR -
 antibody titre usually falls less in patients with 
thymoma than in those with thymic hyperplasia  [38] . 

methylprednisolone. Randomized controlled trials have 
not shown evidence of improved functional outcome 
or steroid - sparing effect with the repeated use of IVIg 
in moderate or severe stable MG  [26, 27]  (Class I evi-
dence). However, a randomized, placebo - controlled 
study showed a signifi cant response in patients treated 
with IVIg, the greatest improvement occurring in sub-
jects with more severe disease  [29] .  

  Thymectomy ( TE ) 
 There are several surgical approaches to TE: full or partial 
sternotomy, transcervical, and thoracoscopic. There are 
no randomized controlled studies for TE in MG. 

 It is diffi cult to compare the outcomes of the different 
operative techniques (confounding factors infl uenced 
both the controlled and the uncontrolled studies) but 
outcomes are probably similar  [30]  (Class III evidence). 

 Despite the absence of randomized, well - controlled 
studies, TE in MG patients with and without thymoma 
is widely practised. Postoperative improvement can take 
months or years to appear, making it diffi cult to distin-
guish TE effects from those of immunosuppressive drugs, 
which are often used concomitantly. In a controlled 
study, a 34% remission and a 32% improvement rate 
were achieved after TE, compared with 8% and 16% for 
matched patients without the operation  [31]  (Class III 
evidence). The patient should be in a clinically stable 
condition before this elective intervention. The periop-
erative morbidity is very low and consists of wound -
 healing disorders, bronchopneumonia, phrenic nerve 
damage, and sternum instability. 

 The Quality Standard Subcommittee of the American 
Academy of Neurology  [32, 33]  analysed 28 articles 
written between 1953 and 1998 describing outcomes in 
21 MG cohorts with or without TE (Class II evidence). 
Most series used the trans - sternal approach and the fol-
low - up ranged from 3 to 28 years. There are a number 
of methodological problems in the studies, including the 
defi nition of remission, the selection criteria, the medical 
therapy applied in both groups, and data on antibody 
status. However, 18 of the 21 cohorts showed improve-
ment in MG patients who underwent TE. MG patients 
undergoing TE were twice as likely to attain medication -
 free remission, 1.6 times as likely to become asymptom-
atic, and 1.7 times as likely to improve. No study found 
a signifi cant negative infl uence of TE. Patients with 
purely ocular manifestations did not benefi t from TE. 
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cell count and liver enzymes is mandatory and the 
dosage should be adjusted according to the results. 
About 11% of the population are heterozygous and 
0.3% homozygous for mutations of the thiopurine meth-
yltransferase gene (which can be monitored in blood) 
and have an increased risk of azathioprine - induced 
myelosuppression. 

 One large double - blind randomized study has demon-
strated the effi cacy of azathioprine as a steroid - sparing 
agent with a better outcome in patients on a combination 
of azathioprine and steroids than in patients treated with 
steroids alone  [42]  (Class I evidence). It has an immuno-
supressive effect when used alone without steroids  [43]  
(Class III evidence). In a small randomized study, pred-
nisone was associated with better and more predictable 
early improvement in muscle strength than azathioprine 
 [44]  (Class III evidence). In patients where long - term 
immunosuppression is necessary, we recommend start-
ing azathioprine together with steroids to allow tapering 
of the steroids to the lowest dose possible, while main-
taining azathioprine (Level A recommendation).  

  Methotrexate 
 Methotrexate should be used in selected MG patients 
who do not respond to fi rst - choice immunosuppressive 
drugs (GPP). It is well studied in other autoimmune 
disorders, but there is no evidence of suffi cient quality 
published for MG.  

  Cyclophosphamide 
 Cyclophosphamide is an alkylating agent with immuno-
suppressive properties. It is a strong suppressor of B - 
lymphocyte activity and antibody synthesis and at high 
doses it also affects T - cells. In a randomized, double -
 blind, placebo - controlled study including 23 MG 
patients, those on treatment had signifi cantly improved 
muscle strength and a lower steroid dose compared with 
the placebo group. Intravenous pulses of cyclophospha-
mide allowed reduction of systemic steroids without 
deterioration of muscle strength or serious side effects 
 [45]  (Class II evidence). However, the relatively high risk 
of toxicity, including bone marrow suppression, oppor-
tunistic infections, bladder toxicity, sterility, and neo-
plasms, limits the use of this medication to MG patients 
intolerant or unresponsive to steroids plus azathioprine, 
methotrexate, ciclosporin, or mycophenolate mofetil 
(Level B recommendation).  

The prognosis depends on early and complete tumour 
resection  [39] .  

  Corticosteroids 
 In observational studies, remission or marked improve-
ment is seen in 70 – 80 % of MG patients treated with 
oral corticosteroids, usually prednisolone  [40]  (Class IV 
evidence), but the effi cacy has not been studied in dou-
ble - blind, placebo - controlled trials. Steroids have side 
effects including weight gain, fl uid retention, hyperten-
sion, diabetes, anxiety/depression/insomnia/ psychosis, 
glaucoma, cataract, gastrointestinal haemorrhage and 
per forations, myopathy, increased susceptibility to infec-
tions, and avascular joint necrosis. The risk of osteopo-
rosis is reduced by giving bisphosphonate  [41]  (Class IV 
evidence), and antacids may prevent gastrointestinal 
complications. The task force agreed that oral prednoso-
lone should be a fi rst - choice drug when immunosup-
pressive drugs are necessary in MG (GPP). Some patients 
have a temporary worsening of MG if prednisolone is 
started at high dose. This steroid dip occurs after 4 – 10 
days and sometimes can precipitate a MG crisis. Thus, 
we recommend starting treatment at low dose, 10 – 25 mg 
on alternate days increasing the dose gradually (10 mg 
per dose) to 60 – 80 mg on alternate days. If the patient is 
critically ill, one should start on a high dose every day 
and use additional short - time treatments to overcome 
the temporary worsening. When remission occurs, 
usually after 4 – 16 weeks, the dose should be slowly 
reduced to the minimum effective dose given on alter-
nate days (GPP).  

  Azathioprine 
 Azathioprine is in extensive use as an immunosuppres-
sant. It is metabolized to 6 - mercaptopurine, which inhib-
its DNA and RNA synthesis and interferes with T - cell 
function. The onset of therapeutic response may be 
delayed for 4 – 12 months, and maximal effect is obtained 
after 6 – 24 months. Azathioprine is usually well tolerated, 
but idiosyncratic fl u - like symptoms or gastrointestinal 
disturbances including pancreatitis occur in 10%, usually 
within the fi rst few days of treatment. Some patients 
develop hepatitis with elevations of liver enzymes. Leu-
copenia, anemia, thrombocytopenia, or pancytopenia 
usually respond to drug withdrawal. Blood cell effects 
and hepatitis often do not recur after cautious reintro-
duction of the drug. Careful monitoring of full blood 
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response to treatment indicating a symptomatic effect on 
muscle strength in addition to the immunosuppression 
(53). FK506 should be tried in MG patients with poorly 
controlled disease, especially in RyR antibody positive 
patients (Level C recommendation).  

  Antibodies  a gainst  l eucocyte  a ntigens 
 There are case reports of improvement of refractory MG 
with monoclonal antibodies against different lymphocyte 
subsets such as anti - CD20 (rituximab) (B - cell inhibitor) 
 [67 – 70]  (Class IV evidence), and anti - CD4 (T - cell inhib-
itor)  [71]  (Class IV evidence), both reporting good clini-
cal outcome. These treatment strategies are promising, 
but more evidence is needed before any recommenda-
tions can be given.  

  Training,  w eight  c ontrol and 
 l ifestyle  m odifi cations 
 The importance of reducing weight and modifi cation of 
activities of daily living has been suggested, but there is 
no hard scientifi c evidence to this. There are reports that 
show some benefi t of respiratory muscle training in MG 
 [72, 73]  (Class III evidence) and strength training in mild 
MG  [74]  (Class III evidence). Physical training can be 
carried out safely in mild MG and produces some 
improvement of muscle force (Level C recommenda-
tion). Seasonal fl u vaccination should be recommended 
in MG patients (GPP). 

 MG is associated with a slightly increased rate of 
complications during birth and more frequent need of 
operative interventions  [75, 76]  (Class II evidence). 
Transient neonatal MG occurs in 10 – 20% of children 
born to MG mothers. Maternal MG is also a rare cause 
of arthrogryphosis congenita and of recurrent mis-
carriages  [77] . Acetylcholine esterase inhibitors and 
immunosuppressive drugs should be continued during 
pregnancy when necessary for the MG, except for metho-
trexate, which is damaging to ova and sperm and should 
be stopped at least 3 months before attempting concep-
tion. Mycophenolate mofetil and other new drugs where 
no safety data are available should also be stopped 3 
months before conception  [78]  (GPP). Effective immu-
nosuppression can improve severe fetal MG - related con-
ditions (Class III evidence). Women with MG should not 
be discouraged from conceiving, and pregnancy does not 
worsen the long - term outcome of MG  [79]  (Class II 
evidence).     

  Ciclosporin 
 Ciclosporin has an immunosuppressive effect in both 
organ transplantation and autoimmune disorders. It is 
an inhibitor of T - cell function through inhibition of 
calcineurin signalling  [46] . Tindall  et al . conducted a 
placebo - controlled, double - blind, randomized study in 
20 patients for 6 months with an open extension  [47]  
(Class II evidence)  [48, 49]  (Class III evidence). The 
ciclosporin group had signifi cantly improved strength 
and reduction in AChR antibody titre compared with the 
placebo group. Two open trials of 1 and 2 years ’  treat-
ment and one retrospective study all support the benefi -
cial effect of ciclosporin  [10, 50 – 52]  (Class III evidence). 
Cyclosporin is effective in MG, has signifi cant side effects 
of nephrotoxicity and hypertension, and should be con-
sidered only in patients intolerant or unresponsive to 
azathioprine (Level B recommendation).  

  Mycophenolate  m ofetil 
 Mycophenolate mofetil ’ s active metabolite, mycopheno-
lic acid, is an inhibitor of purine nucleotide synthesis 
and impares lymphocyte proliferation selectively. A 
few studies including a small double - blind, placebo - 
controlled study of 14 patients have shown that myco-
phenolate mofetil is effective in patients with poorly 
controlled MG and as a steroid - sparing medication 
 [53 – 59]  (Class III, Class IV evidence). These fi ndings 
could not be reproduced in a recent placebo - controlled 
study over 9 months  [60]  (Class II evidence). The effect 
of mycophenolate mofetil in MG is therefore not 
unequivocally documented, but it may be tried in patients 
intolerant or unresponsive to azathioprine (Level B 
recommendation).  

  FK506 ( t acrolimus) 
 Tacrolimus (FK506) is a macrolide molecule of the same 
immunosuppressant class as ciclosporin. It inhibits the 
proliferation of activated T - cells via the calcium - calci-
neurin pathway. FK506 also acts on ryanodine receptor -
 mediated calcium release from sarcoplasmic reticulum to 
potentiate excitation – contraction coupling in skeletal 
muscle  [61] . Case reports and a small open trial all 
showed a useful improvement of MG with minor side 
effects  [9, 62 – 66]  (Class III evidence). Interestingly, 
patients with anti - RyR antibodies (and potential excita-
tion – contraction coupling dysfunction) had a rapid 



CHAPTER 19  Autoimmune neuromuscular conduction disorders 327

 For patients with a paraneoplastic LEMS it is essential 
to treat the tumour. Chemotherapy is the fi rst choice in 
SCLC and this will have an additional immunosuppres-
sive effect. In LEMS patients with a possible underlying 
SCLC, corticosteroids, when required for the disease 
treatment, can be used; immunosuppressants should be 
avoided before the tumour is ruled out. This does not 
apply to thymoma, which has a slow growth. 

 The presence of LEMS in a patient with SCLC improves 
tumour survival  [85] . For a more detailed description of 
LEMS consult the Guidelines for the management of 
paraneoplastic disorders  [86] .   

  Neuromyotonia ( p eripheral  n erve 
 h yperexcitability)/Isaacs ’   s yndrome 

 This commonest acquired form of generalized peripheral 
nerve hyperexcitability is autoimmune and caused by 
antibodies to nerve voltage - gated potassium channels 
(VGKC).  [87] , although the only generally available assay 
detects these antibodies in only 30 – 50% of all patients 
 [87] . Neuromyotonia is paraneoplastic in up to 25% of 
patients and can predate the detection of neoplasia, 
usually thymus or lung, by up to 4 years  [88] . The clinical 
hallmark is spontaneous and continuous skeletal muscle 
overactivity presenting as twitching and painful cramps 
and often accompanied by stiffness, pseudomyotonia, 
pseudotetany, and weakness  [89] . One - third of patients 
also have sensory features and up to 50% have hyper-
hidrosis suggesting autonomic involvement. Central 
nervous system features can occur (Morvan ’ s syndrome) 
 [88, 90] . 

  Symptomatic and 
 i mmune -  d irected  t reatment 
 Neuromyotonia usually improves with symptomatic 
treatment  [89] , although evidence is case reports and case 
series (Class IV evidence). Carbamazepine, phenytoin, 
lamotrigine, and sodium valproate can be used, if neces-
sary in combination. 

 Neuromyotonia often improves and can remit after 
treatment of an underlying cancer  [89] . In patients whose 
symptoms are debilitating or refractory to symptomatic 
therapy, immunomodulatory therapies should be tried 
 [89, 91] . Plasma exchange often produces useful clinical 
improvement lasting about 6 weeks accompanied by a 

  Lambert - Eaton  m yasthenic 
 s yndrome ( LEMS ) 

 Antibodies to peripheral nerve P/Q - type VGCC antibod-
ies are present in the serum of at least 85% of LEMS 
patients  [80] . The disease is characterized by ascending 
muscle weakness that usually starts in the proximal 
lower - limb muscles and is associated with autonomic 
dysfunction. Ptosis and ophthalmoplegia tend to be 
milder than in MG  [81] . LEMS rarely causes respiratory 
failure  [81] . In half of the patients LEMS is a paraneo-
plastic disease and a small cell lung carcinoma (SCLC) 
will be found  [82] . 

  Symptomatic and 
 i mmune -  d irected  t reatment 
 Evidence from small randomised controlled trials showed 
that both 3,4 - diaminopyridine and IVIg improved 
muscle strength scores and compound muscle action 
potential amplitudes in LEMS patients  [83]  (Cochrane 
Review) (Class I evidence). 

 First - line treatment is 3,4 - diaminopyridine  [84] . An 
additional therapeutic effect may be obtained if com-
bined with pyridostigmine. If symptomatic treatment 
is insuffi cient, immunosuppressive therapy should be 
started, usually with a combination of prednisone and 
azathioprine. Other drugs such as ciclosporin or myco-
phenolate can be used, although evidence of benefi t is 
limited to case series reports (Class IV evidence) (Level 
C recommendation). 

 Recommendations 
  Myasthenia  g ravis 
 After the diagnosis of MG is established an acetylcholine 
esterase inhibitor should be introduced. Thymoma 
patients should have thymectomy. AChR antibody - positive 
early - onset patients with generalized MG and insuffi cient 
response to pyridostigmine therapy should be considered 
for thymectomy, ideally within 1 year of disease onset. 
Immunosuppressive medication should be considered in all 
patients with progressive MG symptoms. We recommend 
starting with prednisolone covered by bisphosphonate and 
antacid, and azathioprine. Non - responders or patients 
intolerant to this regime should be considered for treatment 
with one of the other recommended immunosupressive 
drugs. Recommendation levels are B, C or Good Practice 
Points.  
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 Since the fi rst treatment trial of prednisone in CIDP 
by Dyck  et al .  [4] , a small but growing body of evidence 
from randomized trials has accumulated to allow evi-
dence - based statements about treatments. These trials 
have been the subject of Cochrane reviews on which our 
recommendations are based.  

  Search  s trategy 

 We searched MEDLINE and the Cochrane Library from 
August 2004 to July 2009 for articles on CIDP and  ‘ diag-
nosis ’  or  ‘ treatment ’  or  ‘ guideline ’ .  

  Methods for  r eaching  c onsensus 

 Task force members prepared draft statements about 
defi nition, diagnosis, and treatment. Evidence and rec-
ommendations were classifi ed according to the scheme 
agreed for EFNS guidelines  [5] . When only Class IV evi-
dence was available but consensus could be reached, the 
task force offered advice as Good Practice Points  [5] . The 
statements were revised and collated into a single docu-
ment, which was then revised iteratively until consensus 
was reached.  
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   Objectives 

 The aim is to update the EFNS/PNS guideline on man-
agement of CIDP (2005), based on newly available evi-
dence and, where adequate evidence was not available, 
consensus.  

  Background 

 Several different sets of diagnostic criteria for CIDP have 
been created, but sensitivity and specifi city vary  [2] . 
Patients who meet AAN research criteria  [3]  certainly 
have CIDP, but many patients who are diagnosed with 
CIDP by clinicians do not meet these criteria. The 
EFNS/PNS consensus guideline  [1]  was designed to offer 
diagnostic criteria to balance more evenly specifi city, 
which needs to be higher in research than clinical prac-
tice, and sensitivity which might miss disease if set too 
high. 
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patients.  ‘ Acute - onset CIDP ’  in a patient initially diag-
nosed as GBS is likely if deterioration continues   2 
months from onset or if        three treatment - related fl uc-
tuations occur  [9] .  ‘ Acute - onset CIDP ’  should be sus-
pected in GBS patients with prominent sensory symptoms 
and signs at presentation  [10] . Different clinical presenta-
tions have been associated with CIDP with pure motor 
or sensory impairment or with distal, multifocal, or focal 
distributions. The task force considered these as atypical 
CIDP. Both typical and atypical CIDP are rarely associ-
ated with multifocal central nervous system demyelin-
ation, resembling multiple sclerosis  [11, 12] . 

 Based on case reports, numerous diseases have been 
associated with CIDP. These include diabetes mellitus, 
IgG or IgA monoclonal gammopathy of undetermined 
signifi cance (MGUS), IgM monoclonal gammopathy 
without antibodies to myelin - associated glycoprotein 
(MAG), HIV infection, chronic active hepatitis, systemic 
lupus erythematosus or other connective tissue diseases, 
sarcoidosis, thyroid disease, infl ammatory bowel disease 
 [13] , membranous glomerulonephritis  [14] , bone 
marrow or solid organ transplantation  [15] . There is 
insuffi cient evidence to consider CIDP associated with 
these diseases different from idiopathic CIDP.  

  Recommended  s trategy for 
 i nvestigation to  c onfi rm the 
 d iagnosis of  CIDP  
 Based on consensus expert opinion, CIDP should be con-
sidered in any patient with a progressive symmetrical or 
asymmetrical polyradiculoneuropathy in whom the clin-
ical course is relapsing and remitting or progresses 
for more than 2 months, especially if there are positive 
sensory symptoms, proximal weakness, arefl exia without 
wasting, or preferential loss of vibration or joint position 
sense. Electrodiagnostic tests are mandatory and the 
major features suggesting a diagnosis of CIDP are listed 
in table  20.1 . The sensitivity of electrodiagnostic criteria 
for motor nerves may be improved by examining more 
than four nerves, by including proximal stimulation in 
the upper limbs    [16, 17] , and by examining sensory 
nerves  [18, 19] . Somatosensory evoked potentials (SSEP) 
can be useful to demonstrate abnormal proximal sensory 
conduction, particularly in sensory CIDP  [20, 21]  (Good 
Practice Point[GPP]). If electrodiagnostic criteria for 
defi nite CIDP are not met initially, repeat study at a later 
date should be considered. CSF examination, gadolinium - 

  Results 

  Diagnostic  c riteria for  CIDP  
 In almost all diagnostic criterion sets for CIDP, the diag-
nosis rests on a combination of clinical, electrodiagnos-
tic, and laboratory features with exclusions to eliminate 
other disorders that may appear as CIDP. In practice, 
criteria for CIDP have been most closely linked to criteria 
for detection of peripheral nerve demyelination. At least 
12 sets of electrodiagnostic criteria for primary demye-
lination have been published to identify CIDP (for 
review, see  [2] ). The EFNS/PNS criteria  [1] , which 
included clinical and electrodiagnostic criteria, proposed 
new electrodiagnostic criteria which have been success-
fully used in subsequent clinical trials  [6] . Additionally, 
Rajabally  et al .  [7]  applied the EFNS/PNS criteria to 151 
CIDP patients from four European centres and reported 
81% sensitivity and 96% specifi city. 

 Koski and coworkers recently derived another set of 
diagnostic criteria  [8] . Experts reviewed the case notes, 
including longitudinal follow - up of each other ’ s patients 
diagnosed with CIDP, excluding those with paraproteins 
and genetic neuropathy, chronic acquired demyelinating 
polyneuropathy including those with paraproteins, and 
other chronic neuropathies. Using classifi cation and 
regression tree analysis, two sets of criteria were 
developed: one that included electrodiagnostic criteria 
(recordable compound muscle action potential in   75% 
of nerves and either abnormal distal latency or abnormal 
motor conduction velocity or abnormal F - wave latency 
in   50% of studied nerves) and one that relied on clinical 
criteria alone (symmetric onset or examination, weak-
ness of four limbs, and proximal weakness in        one limb). 
The diagnostic criteria were validated and shown to dis-
tinguish CIDP from Lewis - Sumner syndrome, multifocal 
motor neuropathy, and other chronic neuropathy types. 
The authors reported 83% sensitivity and 97% specifi city. 
Although the Koski and coworker ’ s criteria have the 
advantage of diagnosing CIDP when electrodiagnostic 
criteria are not fulfi lled, all prior criteria sets included 
electrodiagnostic criteria. Thus, the task force was uncer-
tain whether to adopt these criteria at this time. 

 While the majority of those with CIDP have a chronic 
onset of a progressive or relapsing phase of more than 8 
weeks, there are patients eventually diagnosed with CIDP 
who have an acute onset resembling Guillain - Barr é  syn-
drome (GBS). This may occur in up to 16% of all CIDP 
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  Table 20.1    Electrodiagnostic criteria. 

     I      Defi nite: at least one of the following   
  A     Motor distal latency prolongation at least 50% above ULN in two nerves (excluding median neuropathy at the wrist 

from carpal tunnel syndrome), or  
  B     Reduction of motor conduction velocity at least 30% below LLN in two nerves, or  
  C     Prolongation of F - wave latency at least 30% above ULN in two nerves (at least 50% if amplitude of distal negative peak 

CMAP   80% of LLN values), or  
  D     Absence of F - waves in two nerves if these nerves have distal negative peak CMAP amplitudes at least 20% of LLN        at 

least one other demyelinating parameter  *   in at least one other nerve, or  
  E     Partial motor conduction block: at least 50% amplitude reduction of the proximal negative peak CMAP relative to distal, 

if distal negative peak CMAP at least 20% of LLN, in two nerves, or in one nerve        at least one other demyelinating 
parameter  *   in at least one other nerve, or  

  F     Abnormal temporal dispersion (  30% duration increase between the proximal and distal negative peak CMAP) in at 
least two nerves, or  

  G     Distal CMAP duration (interval between onset of the fi rst negative peak and return to baseline of the last negative peak) 
increase in at least one nerve (median   6.6   ms, ulnar   6.7   ms, peroneal   7.6   ms, tibial   8.8   ms)  *  *          at least one other 
demyelinating parameter  *   in at least one other nerve    

  II      Probable  
 At least 30% amplitude reduction of the proximal negative peak CMAP relative to distal, excluding the posterior tibial 
nerve, if distal negative peak CMAP at least 20% of LLN, in two nerves, or in one nerve        at least one other demyelinating 
parameter  *   in at least one other nerve  

  III      Possible  
 As in I but in only one nerve     

   To apply these criteria, the median, ulnar (stimulated below the elbow), peroneal (stimulated below the fi bular head), and tibial nerves 
on one side are tested. If criteria are not fulfi lled, the same nerves are tested at the other side, and/or the ulnar and median nerves are 
stimulated bilaterally at the axilla and at Erb ’ s point. Motor conduction block is not considered in the ulnar nerve across the elbow and 
at least 50% amplitude reduction between Erb ’ s point and the wrist is required for probable conduction block. Temperatures should be 
maintained to at least 33 ° C at the palm and 30 ° C at the external malleolus (GPP)  
   * Any nerve meeting any of the criteria (A – G)  
   *  * Isose  et al ., in press  [47]   
  CMAP, compound muscle action potential; ULN, upper limit of normal values; LLN, lower limit of normal values   

enhanced MRI of spinal roots, brachial or lumbar plexus, 
and trial of immunotherapy with objective assessment of 
endpoints  [22]  may assist the diagnosis. Nerve biopsy, 
usually of the sural nerve, can provide supportive evi-
dence for the diagnosis of CIDP, but positive fi ndings are 
not specifi c and negative fi ndings do not exclude the 
diagnosis. The nerve selected for biopsy should be clini-
cally and electrophysiologically affected and is usually the 
sural, but occasionally the superfi cial peroneal, superfi -
cial radial, or gracilis motor nerve. Supportive features 
for the diagnosis of CIDP are macrophage - associated 
demyelination, onion bulb formation, demyelinated and 
to a lesser extent remyelinated nerve fi bres, endoneurial 
oedema, endoneurial mononuclear cell infi ltration, and 
variation between fascicles. There is only Class IV evi-
dence concerning all these matters. Investigations to dis-

cover possible concomitant diseases should also be 
considered (GPP, table  20.2 ).    

  Treatment of  CIDP  

  Corticosteroids 
 In one unblinded RCT with 28 participants, prednisone 
was superior to no treatment  [4, 23]  (Class II evidence). 
Six weeks of oral prednisolone starting at 60   mg daily 
produced benefi t that was not signifi cantly different from 
that produced by a single course of IVIg 2.0   g/kg  [24, 25]  
(Class II evidence). In addition, many observational 
studies report a benefi cial effect from corticosteroids 
except in pure motor CIDP, where they can be harmful 
 [26, 27] . Consequently, a trial of corticosteroids may be 
considered in all patients with signifi cant disability (Level 
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afterwards  [29 – 31]  (Class I evidence). Plasma exchange 
might be considered as an initial treatment as neurologi-
cal disability may improve rapidly (Level A recommenda-
tion). For stabilization of CIDP, PE needs to be combined 
with other treatments. Because adverse events related to 
diffi culty with venous access, use of citrate, and haemo-
dynamic changes are not uncommon, either corticoste-
roids or IVIg should be considered fi rst (GPP).  

  Intravenous  i mmunoglobulin 
 Meta - analysis of four double - blind RCTs with altogether 
235 participants showed that IVIg 2.0   g/kg produces sig-
nifi cant improvement in disability lasting 2 – 6 weeks  [25, 
32 – 36]  (Class I evidence, Level A recommendation). A 
recent international study of 117 patients from 33 coun-
tries showed that the effi cacy of IVIg (2.0   g/kg baseline 
loading dose divided over 2 – 4 days followed by mainte-
nance infusions of 1.0   g/kg over 1 – 2 days every 3 weeks) 
was maintained over 24 weeks and possibly over 48 weeks 
with greater improvement of disability and fewer relapses 
as compared with placebo  [37] . Because the benefi t from 
IVIg is short - lived, treatment needs to be repeated at 
intervals and doses that need to be judged on an indi-
vidual basis  [28] . Crossover trials have shown no signifi -
cant short - term difference between IVIg and PE  [38]  or 
between IVIg and prednisolone  [24] , but the samples 
were too small to establish equivalence (both Class II 
evidence).  

  Immunosuppressive  a gents 
 RCTs have been reported only for azathioprine and meth-
otrexate. Azathioprine (2   mg/kg) showed no benefi t when 
added to prednisone in 14 patients for 9 months  [39, 40] , 
but the trial was likely too short and the dose too low to 
be able to show a benefi t. No signifi cant benefi t was 
observed when methotrexate 15   mg daily for 24 weeks was 
compared with placebo in 62 patients treated with IVIg 
or corticosteroids  [6] . Immunosuppressive agents (table 
 20.3 ) are often used together with corticosteroids to 
reduce the need for IVIg or PE, or to treat patients who 
have not responded to any of these treatments but there 
is only Class IV evidence on which to base this practice 
 [28, 40] . More research is needed before any recommen-
dation can be made. In the meantime immunosuppres-
sant treatment may be considered when the response to 
corticosteroids, IVIg, or PE is inadequate (GPP).    

  Table 20.2    Investigations to be considered. 

   To diagnose CIDP   
      •      Electrodiagnostic studies including sensory and motor 

nerve conduction studies, which may be repeated, done 
bilaterally, or use proximal stimulation for motor nerves  

   •      CSF examination including cells and protein  
   •      MRI spinal roots, brachial plexus, and lumbosacral plexus  
   •      Nerve biopsy     

   To detect concomitant diseases   
  A Recommended studies  
      •        *  Serum and urine paraprotein detection by 

immunofi xation  
   •      Fasting blood glucose  
   •      Complete blood count  
   •      Renal function  
   •      Liver function  
   •      Antinuclear factor  
   •      Thyroid function     
  B Studies to be performed if clinically indicated  
      •        *  Skeletal survey  
   •      Oral glucose tolerance test  
   •      Borrelia burgdorferi serology  
   •      C - reactive protein  
   •      Extractable nuclear antigen antibodies  
   •      Chest radiograph  
   •      Angiotensin - converting enzyme  
   •      HIV antibody     

   To detect hereditary neuropathy   
      •      Examination of parents and siblings  
   •      Appropriate gene testing (especially PMP22 duplication 

and connexin 32 mutations)  
   •      Nerve biopsy     

    * repeating these should be considered in patients who are or 
become unresponsive to treatment   

C recommendation). There is no evidence and no 
consensus about whether to use daily or alternate - day 
prednisolone or prednisone, or intermittent high - dose 
monthly intravenous or oral regimens. The generally 
accepted dosage for prednisolone is 60   mg/d (1 – 1.5   mg/
kg in children) as induction with maintenance therapy 
slowly tapering over months to years  [28] .  

  Plasma  e xchange ( PE ) 
 Two small double - blind, randomized controlled trials 
(RCTs) with altogether 47 participants showed that PE 
provides signifi cant short - term benefi t in about two -
 thirds of patients, but rapid deterioration may occur 
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 Therapy of CIDP patients requires individualized 
assessment of the treatment response. For patients start-
ing on corticosteroids, a course of up to 12 weeks on their 
starting dose should be considered before deciding 
whether there is no treatment response. If there is a 
response, tapering the dose slowly to a low maintenance 
level over 1 or 2 years and eventual withdrawal should be 
considered. Patients starting on IVIg should be closely 
monitored to objectify occurrence and duration of 
response to the fi rst course before embarking on further 
treatment. Between 15 and 30% of patients require only 
a single course of IVIg.  

  Long -  t erm  m anagement (Good Practice Points) 
 No evidence - based guideline can be given as none of the 
trials systematically assessed long - term management. 
IVIg given in a dose of 1   g/kg over 1 – 2 days every 3 weeks 
has been shown to be effi cacious over 24 (and possibly 
48) weeks with improvement of grip strength, disability, 
and health - related quality of life  [37, 44] , but the appro-
priate dose needs to be individualized (usually 0.4 – 1.2   g/
kg every 2 – 6 weeks)  [28] . If a patient becomes stable on 
a regime of intermittent IVIg, the dose (or, perhaps, fre-
quency) of IVIg should be reduced periodically to estab-
lish the need for ongoing therapy because patients may 
need less IVIg than they receive or in fact none at all. In 
a recent international study, the IVIg dose could be 
reduced by over 20% without deterioration in almost half 
of the patients  [6] . If frequent high - dose IVIg is required, 
addition of corticosteroids or an immunosuppressive 
agent should be considered, but there is not suffi cient 
evidence to recommend a particular drug. Patients ben-
efi ting from long - term IVIg treatment who become 
refractory to IVIg may respond again after a short course 
of PE  [45] . Approximately 15% of patients fail to respond 
to any of the proposed treatments.  

  General  t reatment 
 There is a dearth of evidence concerning general aspects 
of treatment for symptoms of CIDP such as pain and 
fatigue. There is also a lack of research into the value of 
exercise and occupational and physical therapy in the 
management of CIDP. Evidence is limited concerning 
immunizations. International and national support 
groups offer information and support to patients ( www.
gbs - cidp.org ) (GPP).     

  Interferons 
 One crossover trial of interferon beta 1a for 12 weeks did 
not detect signifi cant benefi t  [41] , but the trial only 
included 10 patients. In a more recent non - randomized 
open study of intramuscular beta interferon 1a 30     g 
weekly, seven of 20 patients treated showed clinical 
improvement, 10 remained stable, and three worsened 
 [42] . An open study of interferon alpha showed benefi t 
in nine of 14 treatment - resistant patients  [43]  and there 
have been other favourable smaller reports. In the absence 
of evidence interferon treatment may be considered 
when the response to corticosteroids, IVIg, or PE is inad-
equate (GPP).  

  Initial  m anagement (Good Practice Points) 
 Patients with very mild symptoms that do not or only 
slightly interfere with activities of daily living may be 
monitored without treatment. Treatment with corticoste-
roids or IVIg should be offered to patients with moderate 
or severe disability. Plasma exchange is similarly effective 
but may be less tolerated. IVIg is often the fi rst choice as 
improvement can be fast. The usual fi rst dose of IVIg is 
2.0   g/kg given as 2   g/kg over 2 – 5 consecutive days. Con-
traindications to corticosteroids will infl uence the choice 
towards IVIg and vice versa. For pure motor CIDP, IVIg 
treatment should be the fi rst choice and if corticosteroids 
are used, patients should be monitored closely for 
deterioration. 

  Table 20.3    Immunosuppressant and immunomodulatory drugs 
that have been reported to be benefi cial in  CIDP  (Class  IV  
evidence   [28, 40]  ). 

  Alemtuzemab  
  Azathioprine  
  Cyclophosphamide  
  Ciclosporin  
  Etanercept  
  Interferon -     
  Interferon -   1a  
  Mycophenolate mofetil  
  Methotrexate  
  Rituximab  
  Stem cell transplantation (hematopoietic)  
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 Recommendations 
    Good Practice Points for defi ning diagnostic criteria for CIDP: 
  1     Clinical: typical and atypical CIDP (table  20.4 )  

  2     Electrodiagnostic: defi nite, probable and possible CIDP (table  20.1 )  

  3     Supportive: including CSF, MRI, nerve biopsy, and treatment response (table  20.5 )  

  4     Categories: defi nite, probable, and possible CIDP (table  20.6 )      

 Recommendations for treatment 
  For induction of treatment  
  1     IVIg (Level A recommendation) or corticosteroids (Level C recommendation) should be considered in sensory and motor CIDP in 

the presence of disabling symptoms. Plasma exchange is similarly effective (Level A recommendation) but may be less tolerated. 
The presence of relative contraindications to any of these treatments should infl uence the choice (GPP). The advantages and 
disadvantages should be explained to the patient who should be involved in the decision making (GPP).  

  2     The advantages and disadvantages should be explained to the patient, who should be involved in the decision making (GPP).  

  3     In pure motor CIDP, IVIg should be considered as the initial treatment (GPP).    

  For maintenance treatment  
  1     If the fi rst - line treatment is effective, continuation should be considered until the maximum benefi t has been achieved and then 

the dose reduced to fi nd the lowest effective maintenance dose (GPP).  

  2     If the response is inadequate or the maintenance doses of the initial treatment (IVIg, steroids, or PE) result in adverse effects, the 
other fi rst - line treatment alternatives should be tried before considering combination treatments or adding an 
immunosuppressant or immunomodulatory drug may be considered but there is no suffi cient evidence to recommend any 
particular drug (table  20.3 ) (GPP).  

  3     Advice about foot care, exercise, diet, driving, and lifestyle management should be considered. Neuropathic pain should be 
treated with drugs according to the EFNS guideline on treatment of neuropathic pain  [46] . Depending on the needs of the 
patient, orthoses, physiotherapy, occupational therapy, psychological support, and referral to a rehabilitation specialist should be 
considered (GPP).  

  4     Information about patient support groups should be offered (GPP).     

  Table 20.4    Clinical diagnostic criteria. 

     I      Inclusion criteria   
  A     Typical CIDP  

   •      Chronically progressive, stepwise, or recurrent symmetric proximal and distal weakness and sensory dysfunction of all 
extremities, developing over at least 2 months; cranial nerves may be affected; and  

   •      Absent or reduced tendon refl exes in all extremities    
  B     Atypical CIDP (still considered CIDP but with different features) 

 One of the following, but otherwise as in A (tendon refl exes may be normal in unaffected limbs)  
   •      Predominantly distal (distal acquired demyelinating symmetric, DADS)  
   •      Asymmetric (multifocal acquired demyelinating sensory and motor neuropathy [MADSAM], Lewis – Sumner syndrome)  
   •      Focal (e.g. involvement of the brachial or lumbosacral plexus or of one or more peripheral nerves in one upper or lower limb)  
   •      Pure motor  
   •      Pure sensory (including chronic immune sensory polyradiculopathy affecting the central process of the primary sensory neuron)      

  II      Exclusion criteria   
   •      Borrelia burgdorferi infection (Lyme disease), diphtheria, drug, or toxin exposure likely to have caused the neuropathy  
   •      Hereditary demyelinating neuropathy  
   •      Prominent sphincter disturbance  
   •      Diagnosis of multifocal motor neuropathy (MMN)  
   •      IgM monoclonal gammopathy with high titre antibodies to myelin - associated glycoprotein (MAG)  
   •      Other causes for a demyelinating neuropathy including POEMS syndrome, osteosclerotic myeloma, diabetic and non - diabetic 

lumbosacral radiculoplexus neuropathy. PNS lymphoma and amyloidosis may occasionally have demyelinating features       
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  Table 20.5    Supportive criteria. 

     1     Elevated CSF protein with leukocyte count   10/mm 3  (Level A recommendation)  
  2     MRI showing gadolinium enhancement and/or hypertrophy of the cauda equina, lumbosacral or cervical nerve roots, or the 

brachial or lumbosacral plexuses (Level C recommendation)  
  3     Abnormal sensory electrophysiology in at least one nerve (GPP):  

  a     normal sural with abnormal median (excluding median neuropathy at the wrist from carpal tunnel syndrome) or radial sensory 
nerve action potential (SNAP) amplitudes, or  

  b     conduction velocity   80% of lower limit of normal (  70% if SNAP amplitude   80% of lower limit of normal), or  
  c     delayed somatosensory evoked potentials (SSEP) without central nervous system disease    

  4     Objective clinical improvement following immunomodulatory treatment (Level A recommendation)  
  5     Nerve biopsy showing unequivocal evidence of demyelination and/or remyelination by electron microscopy or teased fi bre 

analysis (GPP)     

  Table 20.6    Diagnostic categories. 

   Defi nite CIDP   
     Clinical criteria I (A or B) and II with electrodiagnostic 

criterion I; or  
  Probable CIDP        at least one supportive criterion; or  
  Possible CIDP        at least two supportive criteria     

   Probable CIDP   
     Clinical criteria I (A or B) and II with electrodiagnostic 

criterion II; or  
  Possible CIDP        at least one supportive criterion     

   Possible CIDP   
     Clinical criteria I (A or B) and II with electrodiagnostic 

criterion III  
  CIDP (defi nite, probable, possible) associated with 

concomitant diseases     
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tifocal conduction block on electrophysiological testing 
outside the usual sites of nerve compression  [5, 12 – 15] . 
Conduction block is a reduction in the amplitude and 
area of the compound muscle action potential (CMAP) 
obtained by proximal versus distal stimulation of motor 
nerves in the absence of abnormal temporal dispersion 
 [7, 12, 16] . The extent of reduction of the CMAP ampli-
tude and/or area necessary to classify a reduction as a true 
conduction block is still a matter of debate. For this 
guideline, we present clinical and electrophysiological 
diagnostic criteria based on published criteria and con-
sensus agreed upon by the task force. 

 MMN is a treatable disorder. A benefi cial effect of 
various immunomodulatory drugs has been suggested in 
several uncontrolled studies  [4, 17 – 25] , and reviewed in 
a Cochrane systematic review  [26] . Four trials have 
shown intravenous immunoglobulin (IVIg) therapy to be 
effective in MMN in the short term, and this treatment 
currently is considered the standard treatment for MMN 
 [27 – 30] . These trials have also been reviewed in a 
Cochrane systematic review  [31]  This small body of 
evidence has allowed evidence - based statements about 
treatment.  

  Search  s trategy 

 We searched MEDLINE from August 2004 to July 2009 
for articles on  ‘ multifocal motor neuropathy ’  and  ‘ diag-
nosis ’  or  ‘ treatment ’  or  ‘ guideline ’ . We also searched the 
Cochrane Library in July 2009.  

343

   Objectives 

 The aim is to update the EFNS/PNS guideline for the 
defi nition, diagnosis, and treatment of multifocal motor 
neuropathy (MMN) based on available evidence and, 
where adequate evidence was not available, consensus.  

  Background 

 Patients with a pure motor, asymmetric neuropathy with 
multifocal conduction blocks (CB) have been reported 
from 1986 onwards  [1 – 3] . Pestronk and colleagues fi rst 
introduced the term multifocal motor neuropathy and 
highlighted the association with IgM anti - ganglioside 
GM1 antibodies and the response to immune - modulat-
ing therapies  [4] . The diagnosis of MMN is based on 
clinical, laboratory, and electrophysiological characteris-
tics  [5 – 8] . Several diagnostic criteria for this neuropathy 
have been proposed  [9 – 11] . These criteria share the fol-
lowing clinical features: slowly progressive, asymmetric, 
predominantly distal weakness without objective loss of 
sensation in the distribution of two or more individual 
peripheral nerves, and absence of upper motor neuron 
signs. The hallmark of the disease is the presence of mul-
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  Methods for  r eaching  c onsensus 

 Task force members prepared draft statements about 
defi nition, diagnosis, and treatment. Evidence and rec-
ommendations were classifi ed according to the scheme 
agreed for EFNS guidelines  [32] . When only Class IV 
evidence was available but consensus could be reached, 
the task force offered advice as Good Practice Points 
(GPP). The statements were revised and collated into a 
single document that was then revised iteratively until 
consensus was reached.  

  Results 

  Diagnostic  c riteria for  MMN  
 The task force developed its own diagnostic criteria based 
on the published criteria  [5 – 11] . The clinical criteria are 
listed in table  21.1 . The main clinical features are weak-
ness without objective sensory loss, slowly progressive or 
stepwise progressive course, asymmetric involvement of 
two or more nerves, and absence of upper motor neuron 
signs. Recently, the extent of sensory signs and symptoms 
in MMN has been reconsidered and development of elec-

trophysiological sensory changes with or without sensory 
signs and symptoms over the course of MMN has been 
described  [33, 34] .   

 The presence of conduction block (CB) in motor nerve 
fi bres is the hallmark of the disease. However, some 
patients with otherwise typical MMN have no detectable 
CB, probably because these blocks are activity dependent 
 [35]  or are located in nerve segments that cannot be 
assessed by routine electrophysiological examination  [36, 
37] . More recently, other techniques with restricted avail-
ability, such as transcranial magnetic stimulation, triple -
 stimulation technique, and transcutaneous cervical root 
stimulation, have been used to identify conduction blocks 
with greater sensitivity. These techniques may be useful, 
especially where CBs are proximally situated. The value 
of these techniques in routine clinical use has yet to be 
determined. The fi rst papers defi ned CB as a 20 – 30% 
amplitude or area reduction if the distal CMAP duration 
did not exceed 15% greater than normal. Computer mod-
elling of CB and temporal dispersion in an animal model 
has demonstrated that up to 50% area reduction of the 
proximal to distal CMAP can be due entirely to interphase 
cancellation  [38] . Similar studies in man have shown that 
distal CMAP duration and proximal CMAP duration 

  Table 21.1    Clinical criteria for  MMN . 

   Core criteria (both must be present)   
     1     Slowly progressive or stepwise progressive, focal, asymmetric  a   limb weakness, i.e. motor involvement in the motor nerve 

distribution of at least two nerves, for more than one month  b  . If symptoms and signs are present only in the distribution of 
one nerve only a possible diagnosis can be made (see table  21.4 ).  

  2     No objective sensory abnormalities except for minor vibration sense abnormalities in the lower limbs  c       
   Supportive clinical criteria   
     3     Predominant upper limb involvement  d    
  4     Decreased or absent tendon refl exes in the affected limb  e    
  5     Absence of cranial nerve involvement  f    
  6     Cramps and fasciculations in the affected limb  
  7     Response in terms of disability or muscle strength to immunomodulatory treatment     

   Exclusion criteria   
     8     Upper motor neuron signs  
  9     Marked bulbar involvement  

  10     Sensory impairment more marked than minor vibration loss in the lower limbs  
  11     Diffuse symmetric weakness during the initial weeks     

    a asymmetric        a difference of 1 MRC grade if strength is MRC   3 and 2 MRC grades if strength is MRC     3;  
   b usually more than 6 months;  
   c sensory signs and symptoms may develop over the course of MMN;  
   d at onset, predominantly lower limb involvement account for nearly 10% of the cases;  
   e slightly increased tendon refl exes, in particular in the affected arm have been reported and do not exclude the diagnosis of MMN 
provided criterion 8 is met;  
   f 12th nerve palsy has been reported.   
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prolongation are important factors for the defi nition of 
CB in the median nerve segment over the forearm: the 
shorter the distal duration and proximal duration pro-
longation the less CMAP amplitude reduction is needed 
to diagnose a conduction block  [39] . In one of the main 
papers concerning the diagnostic criteria of MMN, 
grading of CB was defi ned as defi nite or probable, and in 
the other as defi nite, probable, and possible  [9 – 11] . There 
is only Class IV evidence concerning all these matters. 
Nevertheless, the task force agreed on Good Practice 
Points to defi ne clinical and electrophysiological diagnos-
tic criteria for MMN (tables  20.1  and  20.2 ).  

  Investigation of  MMN  
 Based on consensus expert opinion, consideration of 
MMN should enter the differential diagnosis of any 
patient with a slowly or stepwise progressive asymmetri-
cal limb weakness without objective sensory abnormali-
ties, upper motor neuron, or bulbar signs or symptoms. 
MMN should be differentiated from motor neuron 
disease, entrapment neuropathies, hereditary neuropathy 
with liability to pressure palsies, Lewis – Sumner syn-
drome, and chronic infl ammatory demyelinating polyra-
diculoneuropathy, in particular its purely motor variant 
 [1, 3, 9, 40 – 51] . 

 Clinical examination and electrodiagnostic tests are 
mandatory and the features suggesting a diagnosis of 
MMN are listed under diagnostic criteria. A family 
history should be obtained. The association between 
MMN and IgM anti - ganglioside GM1 (anti - GM1) anti-
bodies was already suggested in the fi rst report recogniz-
ing MMN as a distinct disease entity  [4] . However, the 

diagnostic accuracy of anti - GM1 testing in diagnosing 
MMN is unclear. The literature reports the presence of 
anti - GM1 IgM antibodies in between 30 and 80% of 
MMN patients  [52, 53] . Furthermore, anti - GM1 anti-
bodies don ’ t seem to be specifi c for MMN. Anti - GM1 
antibodies have been reported to occur in other dysim-
mune neuropathies and in patients with motor neuron 
disease, which may mimic MMN, albeit infrequently and 
in lower titres. Other tests that can support the diagnosis 
of MMN are CSF protein   1   g/l  [54] , and increased signal 
intensity on T2 - weighted MRI scans of the brachial 
plexus associated with a diffuse nerve swelling  [6, 9, 22] . 

 Cerebrospinal fl uid (CSF), anti - ganglioside GM1 anti-
bodies, and magnetic resonance imaging (MRI) scans of 
the brachial plexus are not normally needed for patients 
fulfi lling the clinical and electrodiagnostic criteria of 
MMN. Nerve biopsies are not routinely performed in 
MMN but can be useful in detecting an alternative cause 
 [55, 56] . Needle EMG, serum and urine paraprotein 
detection by immunofi xation  [57] , thyroid function  [58] , 
creatine kinase  [6, 20] , CSF cells, and protein  [6, 59]  are 
investigations that can be helpful to discover concomi-
tant disease or exclude other possible causes. This list is 
not complete and additional investigations should be 
guided by the clinical fi ndings.  

  Treatment of  MMN  
 The treatment options for people with MMN are limited. 
In contrast to the response in CIDP, MMN does not 
usually respond to steroids or plasma exchange (PE), and 
patients may worsen when they receive these treatments 
 [7, 51, 60 – 63] . 

  Table 21.2    Electrophysiological criteria for conduction block.   a    

     1     Defi nite motor CB  a   
 Negative peak CMAP area reduction on proximal versus distal stimulation of at least 50% whatever the nerve segment length 

(median, ulnar, and peroneal). Negative peak CMAP amplitude on stimulation of the distal part of the segment with motor 
CB must be   20% of the lower limit of normal and   1   mV and increase of proximal to distal negative peak CMAP duration 
must be   30%.  

  2     Probable motor CB  a   
 Negative peak CMAP area reduction of at least 30% over a long segment (e.g. wrist to elbow, or elbow to axilla) of an upper 

limb nerve with increase of proximal to distal negative peak CMAP duration   30%; 
 OR 
 Negative peak CMAP area reduction of at least 50% (same as defi nite) with an increase of proximal to distal negative peak 

CMAP duration   30%;  
  3     Normal sensory nerve conduction in upper limb segments with CB (see exclusion criteria).     

    a Evidence for CB must be found at sites distinct from common entrapment or compression syndromes.   
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 The effi cacy of IVIg has been suggested by many open, 
uncontrolled studies. Four randomized controlled, 
double - blind trials of IVIg for treating MMN have been 
done  [27 – 30] . These four RCTs included a total of 45 
patients with MMN and have been summarized in a 
Cochrane systematic review  [31] . IVIg treatment was 
superior to placebo in inducing an improvement in 
muscle strength in patients with MMN (NNT 1.4, 95% 
CI 1.1 – 1.8). As weakness is the only determinant of dis-
ability in patients with MMN, it is to be expected that in 
patients whose muscle strength improves after IVIg treat-
ment, disability will improve as well. Elevated anti - 
ganglioside GM1 antibodies and defi nite CB were 
signifi cantly correlated with a favourable response to IVIg 
in one large retrospective study  [6] , but in a more recent 
retrospective study no factors associated with treatment 
response were found  [25] . In this series, approximately 
20% of patients achieved prolonged remission (  12 
months) after IVIg alone; approximately 70% of patients 
needed repeated long term IVIg infusions and, of them, 
half needed additional immunosuppressive treatment 
 [25] . Maintenance IVIg therapy should be tailored to the 
need of individual patients  [64] . During long - term IVIg 

treatment effectiveness declines as muscle strength 
decreases, even when dosage is increased  [65 – 69] . This 
process is due to ongoing axonal degeneration  [66, 67, 69] . 
In one retrospective study, treatment with higher than 
normal maintenance doses of IVIg (1.6 – 2.0   g/kg given 
over 4 – 5 days) promoted reinnervation, decreased the 
number of CBs, and prevented axonal degeneration in 10 
MMN patients for up to 12 years  [68] . However, further 
long - term studies are needed to determine whether 
disease progression can be prevented by high - dose IVIg. 

 One randomized, single - blinded trial and one open 
pilot study suggest that short - term subcutaneous admin-
istered Ig is feasible, safe, and as effective as IVIg  [70, 71] . 
Mycophenolate mofetil added to IVIg has no additional 
benefi cial effect and no IVIg - sparing effect  [72] . Uncon-
trolled studies suggest a benefi cial effect in some patients 
of cyclophosphamide  [4, 17, 18, 20 – 22, 73] , interferon 
beta1a  [23, 24] , cyclosporine  [74] , methotrexate  [75] , and 
azathioprine  [19] . There is confl icting evidence for ritux-
imab  [76 – 80] . Cyclophosphamide was not recommended 
by one group of experts because concern exists about its 
short -  and long - term toxicity and lack of evidence of 
effi cacy in MMN  [10] .    

 Recommendations 

  Diagnostic  c riteria 
    1     Clinical: the two core criteria and all exclusion criteria should be met (see infront of table  21.1 ) (GPP).  

  2     Electrodiagnostic: defi nite or probable conduction block in at least one nerve (table  21.2 ) (GPP).  

  3     Supportive: anti - GM1 antibodies, MRI, CSF, and treatment response (table  21.3 ) (GPP).  

  4     Categories: defi nite and probable MMN (table  21.4 ) (GPP).       

  Diagnostic  t ests 
    1     Clinical examination and electrodiagnostic tests should be done in all patients (GPP).  

  2     Anti - ganglioside GM1 antibody testing, MRI of the brachial plexus, and CSF examination should be considered in selected 
patients (GPP).  

  3     Investigations to discover concomitant disease or exclude other possible causes should be considered but the choice of tests will 
depend on the individual circumstances (GPP).     

  Treatment 
    1     IVIg (2   g/kg (total cumulative dose) given over 2 – 5 days) should be the fi rst - line treatment (Level A) when disability is suffi ciently 

severe to warrant treatment.  

  2     Corticosteroids are not recommended (GPP).  

  3     If an initial treatment with IVIg is effective, repeated IVIg treatment should be considered in selected patients (Level C). The 
frequency of IVIg maintenance therapy should be guided by the response (GPP). Typical treatment regimens are 1   g/kg every 2 – 4 
weeks, or 2   g/kg every 1 – 2 months (GPP).  

  4     If IVIg is not or not suffi ciently effective then immunosuppressive treatment may be considered. However, no agent has shown to 
be benefi cial in a clinical trial and data from case series are confl icting (GPP).  

  5     Toxicity makes cyclophosphamide a less desirable option (GPP).     
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diagnostic classifi cation, specifi c diagnostic criteria are 
available for only a few of these disorders, and treatment 
trials are therefore diffi cult to interpret. 

 Both demyelinating and axonal neuropathies may be 
associated with paraproteins, but this guideline concen-
trates on the demyelinating neuropathies. Many patients 
with PDN have a neuropathy that is indistinguishable 
from chronic infl ammatory demyelinating polyradiculo-
neuropathy (CIDP), and there is no consensus as to 
whether these should be considered the same or different 
diseases. Paraproteinaemic axonal neuropathies are 
mentioned briefl y in the section  ‘ Other neuropathy 
syndromes associated with paraproteinaemia ’ . As both 
paraproteins and neuropathies are common, it often 
remains uncertain whether the paraprotein is causing the 
neuropathy or is coincidental.  

  Search  s trategy 

 We searched MEDLINE and the Cochrane Library on 1 
May 2009 for articles on ( ‘ paraprotein(a)emic demyelin-
ating neuropathy ’  AND ( ‘ diagnosis ’  OR  ‘ treatment ’  OR 
 ‘ guideline ’ )) and used the personal databases of task force 
members.  

351

   Objectives 

 To construct clinically useful guidelines for the diagnosis, 
investigation, and treatment of patients with both a 
demyelinating neuropathy and a paraprotein (parapro-
teinaemic demyelinating neuropathy, PDN), based on the 
available evidence and, where evidence was not available, 
consensus. This is the fi rst revision of the original 2006 
guideline  [1] .  

  Background 

 The neuropathies associated with paraproteins are com-
plex and diffi cult to classify, because of heterogeneity in 
the clinical and electrophysiological features of the neu-
ropathy, the class, immunoreactivity, and pathogenicity 
of the paraprotein, and the malignancy of the underlying 
plasma cell dyscrasia  [2, 3] . In the absence of an agreed 
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imaging of sclerotic lesions, skeletal survey (or computed 
tomography (CT)), magnetic resonance imaging (MRI), 
and positron emission tomography (PET)/CT are com-
plementary imaging modalities and more than one may 
be needed if the index of suspicion is high  [8] .  

  Recommended  i nvestigations 
 Table  22.2  suggests investigations to be considered in 
patients with a paraprotein. SIFE should be performed in 
patients with a known paraprotein to defi ne the heavy 
and light chain type, in patients with acquired demyelin-
ating neuropathies, and in patients in whom a parapro-
tein is suspected but not detected by SPEP.    

  Defi nition of  MGUS  
 The defi nition of IgM MGUS is different to that for IgG 
and IgA MGUS (table  22.3 ). Patients with IgM MGUS 
have alternatively been classifi ed as either  ‘ IgM - related 
disorders ’  if they have clinical features attributable to the 
paraprotein (such as neuropathy), or  ‘ asymptomatic IgM 
monoclonal gammopathy ’  if not  [9] .     

  Typical  s yndromes of 
 p araproteinaemic  d emyelinating 
 n europathy ( PDN ) 

 The most common types of PDN are those with 
demyelinating neuropathy and MGUS without non -
 neurological symptoms. The neuropathy is defi ned as 

  Methods for  r eaching  c onsensus 

 Evidence was classifi ed as Class I – IV and recommenda-
tions as Level A – C  [4] . When only Class IV evidence was 
available but consensus could be reached the task force 
has offered advice as Good Practice Points (GPP). The 
original 2006 guideline  [1]  was revised iteratively until 
unanimous consensus was reached.  

  Results 

 Any diagnostic classifi cation of PDN must take account 
of the dimensions of clinical phenotype, immuno-
globulin (Ig) class, presence of malignancy, antibodies 
to myelin - associated glycoprotein (MAG), electrophysio-
logical phenotype, and causal relationship of the para-
protein to the neuropathy. There is no consensus as to 
which should take precedence in classifi cation. This 
guideline distinguishes IgM from IgG and IgA PDN, 
because IgM PDN tends to have a typical clinical pheno-
type, pathogenic antibodies, a causal relationship between 
paraprotein and neuropathy, and a different response to 
treatment. Nevertheless, there is signifi cant overlap 
between the clinical and electrophysiological features of 
the neuropathy with different types of paraprotein.  

  Investigation and  c lassifi cation of 
the  p araprotein 

  Background 
 While some paraproteins (monoclonal gammopathy, 
monoclonal immunoglobulin) are detected by standard 
serum protein electrophoresis (SPEP), both serum 
immunoelectrophoresis (SIEP) and serum immunofi xa-
tion electrophoresis (SIFE) are more sensitive techniques 
that detect lower paraprotein concentrations  [5, 6] . 
Heavy (IgM, IgG, or IgA) and light chain (kappa or 
lambda) classes should be identifi ed. A paraprotein indi-
cates an underlying clonal B cell expansion, usually in 
bone marrow, which may be malignant (and may itself 
require treatment), or a monoclonal gammopathy of 
uncertain signifi cance (MGUS) (table  22.1 )  [7] .   

 Most bone lesions causing neuropathy are sclerotic or 
mixed lytic - sclerotic, most commonly in the vertebral 
bones or pelvis. Although there is limited evidence on 

  Table 22.1    Classifi cation of haematological conditions with a 
paraprotein. 

     1     Malignant monoclonal gammopathies  
  (a)     Multiple myeloma ( overt, asymptomatic (smouldering), 

non - secretory, or osteosclerotic )  
  (b)     Plasmacytoma ( solitary, extramedullary, multiple solitary )  
  (c)     Malignant lymphoproliferative disease:  

  1     Waldenstr ö m ’ s macroglobulinaemia  
  2     Malignant lymphoma  
  3     Chronic lymphocytic leukaemia    

  (d)     Heavy chain disease  
  (e)     Primary amyloidosis (AL) ( with or without myeloma )       

 2    Monoclonal gammopathy of undetermined signifi cance  
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  Table 22.2    Investigation of a paraprotein. 

  The following should be considered in patients with a paraprotein.  
     (a)     Serum immunofi xation electrophoresis  
  (b)     Physical examination for peripheral lymphadenopathy, hepatosplenomegaly, macroglossia, and signs of POEMS syndrome 

(see    page 354 )  
  (c)     Full blood count, renal and liver function, calcium, phosphate, erythrocyte sedimentation rate, C - reactive protein, uric acid, beta 

2 - microglobulin, lactate dehydrogenase, rheumatoid factor, serum cryoglobulins  
  (d)     Total immunoglobulin (Ig)G, IgA, IgM concentrations  
  (e)     Serum free light chains  
  (f)     Random urine collection for the detection of Bence - Jones protein (free light chains), and, if positive, 24 - h urine collection for protein 

quantifi cation  
  (g)     Radiographic X - ray skeletal survey (including skull, pelvis, spine, ribs, long bones) to look for lytic or sclerotic lesions. Part or all of 

this may be replaced by CT, which is more sensitive but involves greater radiation exposure except where low - dose whole body CT is 
available. If the index of suspicion is high, CT and/or MRI of the spine, pelvis or whole body, and perhaps whole body FDG - PET/CT, 
may be considered  

  (h)     Ultrasound or CT of chest, abdomen, and pelvis (to detect lymphadenopathy, hepatosplenomegaly, or malignancy)  
  (i)     Serum VEGF levels if POEMS syndrome suspected  
  (j)     Consultation with a haematologist and consideration of bone marrow examination     

  Table 22.3    Defi nition of monoclonal gammopathy of 
undetermined signifi cance ( MGUS ). 

     A     IgM - MGUS is defi ned by the presence of both of the 
following:  
  (a)     No lymphoplasmacytic infi ltration on bone marrow 

biopsy, or equivocal infi ltration with negative 
phenotypic studies  

  (b)     No signs or symptoms suggesting tumour infi ltration 
(e.g. constitutional symptoms, hyperviscosity syndrome, 
organomegaly)    

  B     IgG or IgA - MGUS is defi ned by the presence of all of the 
following:  
  1     Serum monoclonal component     30   g/L  
  2     Bence - Jones proteinuria     1   g/24h  
  3     No lytic or sclerotic lesions in bone  
  4     No anaemia, hypercalcaemia, or chronic renal 

insuffi ciency  
  5     Bone marrow plasma cell infi ltration   10%       

demyelinating if it satisfi es electrophysiological criteria 
for CIDP  [10] . If there are subtle features of demyelin-
ation not meeting these criteria, further investigations 
should be considered to clarify the possible pathogenic 
link between the paraprotein and the neuropathy (see 
section on  ‘ Cerebrospinal fl uid and nerve biopsy ’ ). 

   I  g  M   Paraproteinaemic Demyelinating 
Neuropathy  

  Clinical  p henotype 
 Most patients with IgM PDN have predominantly distal, 
chronic (duration over 6 months), slowly progressive, 
symmetric, predominantly sensory impairment, with 
ataxia, relatively mild or no weakness, and often tremor 
(Class IV evidence)  [2, 11 – 15] . This phenotype is most 
strongly associated with IgM anti - MAG antibodies. Some 
patients have more prominent ataxia with impairment 
predominantly of vibration and joint position sense. 
However, the clinical features do not correlate exactly 
with the paraprotein type: a few patients with IgM PDN 
have proximal weakness more typical of IgG/IgA PDN, 
and some CIDP patients have distal weakness without a 
paraprotein  [16] .  

  Electrophysiology 
 Patients with IgM PDN may meet the defi nite electro-
physiological criteria for CIDP  [10] . They may also have 
additional specifi c electrophysiological features in one or 
more nerves which help to distinguish from CIDP, typi-
cally uniform symmetrical and predominantly distal 
reduced conduction velocity (terminal latency index 
  0.25) without conduction block (table  22.4 , adapted 
from  [12, 17, 18] ).    
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  Other  n europathy  s yndromes 
 a ssociated with  p araproteinaemia 

 This section briefl y discusses other types of neuropathy 
associated with a paraprotein, including those with hae-
matological malignancy, systemic symptoms, or axonal 
electrophysiology, although these are not part of the main 
guidelines and not discussed in detail. 

   POEMS  
 POEMS (Polyneuropathy, Organomegaly, Endocrinopa-
thy, Monoclonal gammopathy, and Skin changes) syn-
drome usually has an underlying osteosclerotic myeloma, 
with IgA or IgG lambda paraprotein, or is sometimes 
associated with Castleman ’ s disease. POEMS neuropathy 
has similar clinical features to severe CIDP. Many patients 
are initially thought to have CIDP or ordinary PDN, until 
POEMS is suggested by the presence of systemic features. 
Major diagnostic criteria are polyneuropathy; mono-
clonal plasma cell proliferative disorder (almost always 
lambda); and sclerotic bone lesions or Castleman disease 
or raised vascular endothelial growth factor (VEGF) 
levels  [23] . Minor diagnostic criteria are organomegaly 
(hepatosplenomegaly or lymphadenopathy), extravascu-
lar volume overload (oedema, pleural effusion or ascites), 
endocrinopathy, skin changes (hypertrichosis, hyperpig-
mentation, plethora, acrocyanosis, fl ushing, dermal glo-
meruloid haemangiomata, white nails), papilloedema, or 
thrombocytosis/polycythaemia  [23] . 

 There is no specifi c diagnostic test for POEMS, so if it 
is suspected then the diagnostic criteria should be sought 
by detailed clinical examination and appropriate investi-
gations (table  22.2 ). Serum or plasma VEGF levels are 
usually markedly raised in POEMS, and normal or only 
slightly raised in CIDP or PDN  [24] , so are a useful sup-
portive diagnostic test. Nerve biopsy may show uncom-
pacted myelin lamellae  [25] . 

 Electrophysiology often shows a mixed demyelinating 
and axonal picture  [26] . Features that may help to distin-
guish POEMS from CIDP include: reduced motor nerve 
conduction velocities more marked in intermediate than 
distal nerve segments (increased terminal latency index 
0.35 – 0.6, the opposite of IgM PDN), rarity of conduction 
block, and severe length - dependent axonal loss  [27, 28] .  

  Waldenstr ö m ’ s  m acroglobulinaemia 
 Waldenstr ö m ’ s macroglobulinaemia is defi ned by the 
presence of an IgM (usually kappa) paraprotein (irre-

  Antibodies to  m yelin -  a ssociated  g lycoprotein 
( MAG ) and  o ther  n eural  a ntigens 
 Almost 50% of patients with IgM PDN have high titres 
of anti - MAG IgM antibodies  [19] , more commonly asso-
ciated with kappa than lambda light chains, and this is 
the best - defi ned syndrome of PDN  [20] . Weakly positive 
anti - MAG antibodies are less specifi c and may occur in 
the absence of neuropathy. 

 Testing for antibodies to MAG should be considered 
in all patients with IgM PDN  [21] . If negative, then 
testing for IgM antibodies against other neural antigens, 
including gangliosides GQ1b, GM1, GD1a and GD1b, 
and SGPG, may be considered. The presence of these 
antibodies increases the probability of, but does not 
prove, a pathogenetic link between the paraprotein and 
the neuropathy. Their diagnostic relevance is not defi ned.   

   I  g  G  or  I  g  A   Paraproteinaemic 
Demyelinating Neuropathy  
 Patients with IgG or IgA PDN usually have both proximal 
and distal weakness, with motor and sensory impair-
ment, indistinguishable clinically and electrophysiologi-
cally from typical CIDP  [10] . They usually have more 
rapid progression than IgM PDN  [14, 15, 22] . However, 
a minority of patients with IgG or IgA PDN have the 
clinical and electrophysiological phenotype typical of 
IgM PDN. 

 In patients with IgG or IgA paraprotein, no specifi c 
antibody has been consistently associated with demyelin-
ating neuropathy, and therefore there is no need to test 
for serum antibodies to known neural epitopes in routine 
practice.   

  Table 22.4    Electrophysiological features associated with 
 I  g  M   PDN . 

     (a)     Uniform symmetrical reduction of conduction velocities; 
more severe sensory than motor involvement  

  (b)     Disproportionately prolonged distal motor latency (DML). 
This may be quantifi ed as terminal latency index (defi ned 
as distal distance/[motor conduction velocity x DML]; i.e. 
 ‘ distal velocity ’ / ‘ intermediate segment velocity ’ )     0.25  

  (c)     Absent sural potential (i.e. less likely to have the  ‘ abnormal 
median, normal sural ’  sensory action potential pattern)  

  (d)     Partial motor conduction block (i.e. proximal/distal CMAP 
amplitude ratio     0.5) and marked distal CMAP dispersion 
are very rare     
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indistinguishable from chronic idiopathic axonal 
polyneuropathy. 

 In patients with lytic multiple myeloma (usually asso-
ciated with IgA or IgG kappa or lambda paraprotein) 
neuropathy may be caused by heterogeneous mecha-
nisms, including amyloidosis, metabolic and drug -
 induced insults, and cord or root compression due to 
vertebral collapse from lytic lesions  [33] . Subacute weak-
ness similar to Guillain - Barr é  syndrome may be caused 
by extensive infi ltration of nerves or roots by lymphoma 
or leukaemia  [34] . 

 Multifocal motor neuropathy is occasionally associ-
ated with an IgM MGUS, which does not seem to affect 
the behaviour of the disease  [35] .   

  Is the  p araprotein  c ausing 
the  n europathy? 

 A causal relationship of the paraprotein to the neuropa-
thy is more likely with an IgM than an IgG or IgA MGUS. 
There is still no expert consensus as to whether IgG 
or IgA PDN may merely be CIDP with a co - incidental 
paraprotein. The only published criteria of causality were 
in a study in which all patients had predominantly 
distal sensory neuropathy, demyelinating physiology, and 
MGUS (IgM or IgG)  [18] . We extensively modifi ed these 
criteria, and propose factors which suggest whether or 
not the paraprotein is likely to be causing the neuropathy 
(table  22.5 ).    

spective of concentration) and a bone marrow biopsy 
showing infi ltration by lymphoplasmacytic lymphoma 
with a predominantly intertrabecular pattern, supported 
by appropriate immunophenotypic studies  [9] . The asso-
ciated neuropathy is clinically heterogeneous, but patients 
with indolent or asymptomatic Waldenstr ö m ’ s macro-
globulinaemia may have anti - MAG reactivity and clinical 
features of IgM anti - MAG neuropathy  [29] .  

   CANOMAD  
 The syndrome of Chronic Ataxic Neuropathy with 
Ophthalmoplegia, IgM Monoclonal gammopathy, cold 
Agglutinins and Disialoganglioside (IgM anti - ganglioside 
GD1b/GQ1b) antibodies (CANOMAD) is a rare neuro-
pathy similar to chronic Fisher syndrome, with mixed 
demyelinating and axonal electrophysiology  [30] .  

  Other  n europathies with a  p araprotein 
 Axonal neuropathy is often present in patients with 
MGUS, but the pathogenesis and causal relationships 
vary, and this will not be considered further in these 
guidelines. 

 A few patients with cryoglobulinaemia  [31]  or 
primary (AL) amyloidosis  [32]  have demyelinating 
neuropathy, although far more have axonal neuropathy. 
AL amyloidosis should be suspected in the presence of 
prominent neuropathic pain or dysautonomia, and may 
be demonstrated by biopsy of nerve or other tissues. 
Chronic axonal polyneuropathy with IgG MGUS, 
without symptoms or signs of amyloidosis, is usually 

  Table 22.5    Causal relationship between paraprotein and demyelinating neuropathy. 

     1      Highly probable  if IgM paraprotein (monoclonal gammopathy of uncertain signifi cance (MGUS) or Waldenstr ö m ’ s) and:  
  (a)     high titres of IgM anti - MAG or anti - GQ1b antibodies, or  
  (b)     nerve biopsy shows IgM or complement deposits on myelin, or widely - spaced myelin on electron microscopy    

  2      Probable  if either:  
  (a)     IgM paraprotein (MGUS or Waldenstr ö m ’ s) with high titres of IgM antibodies to other neural antigens (GM1, GD1a, GD1b, GM2, 

sulphatide, etc.), and slowly progressive predominantly distal symmetrical sensory neuropathy, or  
  (b)     IgG or IgA paraprotein and nerve biopsy evidence (as in 1(b) but with IgG or IgA deposits)    

  3      Less likely  when any of the following are present in a patient with MGUS and without anti - MAG antibodies (diagnosis may be 
described as  ‘ CIDP with coincidental paraprotein ’ ):  
  (a)     time to peak of neuropathy     6 months  
  (b)     relapsing/remitting or monophasic course  
  (c)     cranial nerves involved (except CANOMAD)  
  (d)     asymmetry  
  (e)     history of preceding infection  
  (f)     abnormal median with normal sural sensory action potential  
  (g)     IgG or IgA paraprotein without biopsy features in 2(b)       
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  Treatment of  I  g  M   Paraproteinaemic 
Demyelinating Neuropathy  
 The 2006 Cochrane review of anti - MAG paraproteinae-
mic neuropathy concluded that there was inadequate evi-
dence to recommend any particular immunotherapy  [40] . 
The same conclusion may be extended to IgM PDN 
without anti - MAG antibodies. Based on evidence regard-
ing the pathogenicity of anti - MAG antibodies, therapy has 
been directed at reducing circulating IgM or anti - MAG 
antibodies by removal (plasma exchange, PE), inhibition 
(intravenous immunoglobulin, IVIg), or reduction of syn-
thesis (corticosteroids, immunosuppressive or cytotoxic 
agents, or interferon alpha). Only seven controlled studies 
on a total of 145 patients have been performed  [40] , two 
new studies being added since our fi rst guidelines  [41, 42] . 

  Plasma  e xchange 
 In a review of uncontrolled studies or case reports  [43] , 
PE was temporarily effective in approximately half of the 
patients, both alone and in combination with other thera-
pies (Class IV evidence). However, this was not confi rmed 
in two controlled studies. In one, a randomized compara-
tive open trial on 44 patients with neuropathy associated 
with IgM monoclonal gammopathy, 33 of whom had 
anti - MAG IgM, the combination of PE with chlorambucil 
was no more effective than chlorambucil alone  [44]  (Class 
III). In a double - blind, sham - controlled trial on 39 
patients with neuropathy (axonal and demyelinating) 
associated with all classes of MGUS, PE was signifi cantly 
effective overall, and in subgroups with IgG and IgA, but 
not in the 21 patients with IgM MGUS  [45]  (Class II). In 
this study anti - MAG reactivity was not examined.  

  Cerebrospinal  fl  uid and  n erve  b iopsy 

 Cerebrospinal fl uid (CSF) examination and nerve biopsy 
may be helpful in selected circumstances (table  22.6 , 
GPP), but are usually not necessary if there is clearly 
demyelinating physiology with MGUS. The CSF protein 
is elevated in 75 – 86% of patients with PDN  [12, 18] . The 
presence of widely spaced myelin outer lamellae on elec-
tron microscopy is highly sensitive and specifi c for anti -
 MAG neuropathy. Immunoglobulin deposits may be 
identifi ed on nerve structures  [36] .    

  Treatment of  p araproteinaemic 
 d emyelinating  n europathies 

  Monitoring of  h aematological  d isease 
 Patients with MGUS or asymptomatic Waldenstr ö m ’ s 
macroglobulinaemia may not need treatment, unless 
required specifi cally because of neuropathy or other 
IgM - related conditions  [37] . Whether they have a neuro-
pathy or not, they should have regular haematological 
evaluation for early detection of malignant transforma-
tion, which occurs at approximately 1.3% per year. The 
following should be measured: paraprotein concentra-
tion, Bence Jones protein in the urine, serum immuno-
globulin concentrations, ESR, creatinine, calcium, beta 
2 - microglobulin, and full blood count, at a frequency 
of once a year for MGUS, every 6 months for asymp-
tomatic Waldenstr ö m ’ s macroglobulinaemia, or every 3 
months if there is a higher risk of malignant transfor-
mation  [38, 39]  (GPP).  

  Table 22.6    Cerebrospinal fl uid ( CSF ) examination and nerve biopsy. 

     1      CSF examination  is most likely to be helpful in the following situations  
  (a)     In patients with borderline demyelinating or axonal electrophysiology or atypical phenotype, where the presence of raised CSF 

protein would help to suggest that the neuropathy is immune - mediated  
  (b)     The presence of malignant cells would confi rm lymphoproliferative infi ltration    

  2      Nerve biopsy  (usually sural nerve) is most likely to be helpful when the following conditions are being considered  
  (a)     amyloidosis.  
  (b)     vasculitis (e.g. due to cryoglobulinaemia).  
  (c)     malignant lymphoproliferative infi ltration of nerves, or  
  (d)     IgM PDN with negative anti - MAG antibodies, or IgG or IgA PDN with a chronic progressive course, where the discovery of 

widely - spaced myelin on electron microscopy or deposits of immunoglobulin and/or complement bound to myelin would support 
a causal relationship between paraprotein and neuropathy.       

  However, clinical decisions on treatment are often made without a biopsy.  



CHAPTER 22  Paraproteinaemic demyelinating neuropathy 357

transformation after cyclophosphamide (9% in 5 years in 
this trial) signifi cantly exceeded the background risk. 
Cyclophosphamide was effective in 40 – 100% of patients 
in two open trials using cyclic high - dose oral or intrave-
nous cyclophosphamide with corticosteroids  [50]  or PE 
 [51]  (Class IV), but was rarely effective when used alone. 

 In an open study, fi ve of 16 patients treated with  fl uda-
rabine  improved with outcomes sustained for at least a 
year (Class III)  [52] , complementing previous anecdotal 
reports  [53, 54] . 

 There are anecdotal reports on the effi cacy of  cladrib-
ine   [55] , and  high - dose chemotherapy  followed by  auto-
logous bone marrow transplantation   [56]  in IgM PDN. 
These studies were limited to very small numbers and 
need to be confi rmed in larger series.  

  Rituximab 
 Rituximab, the humanized monoclonal antibody against 
the CD20 antigen, has shown some benefi t in several 
open studies. The usual dose is 375   mg/m 2  intravenously 
weekly for 4 weeks, with further doses after a longer 
interval if necessary. In one open prospective study, more 
than 80% of 21 patients with neuropathy with IgM anti-
bodies to neural antigens (including seven with PDN and 
anti - MAG IgM) improved in strength, compared with 
none of 13 untreated patients  [57]  (Class III). No 
response to rituximab was observed in another two 
patients  [58] . In an open phase II study of nine patients 
with chronic polyneuropathy with IgM monoclonal gam-
mopathy and anti - MAG antibodies treated with ritux-
imab, two patients had clinically useful improvement 
(  10 points on the Neuropathy Impairment Score), four 
had marginal improvement (2 – 5 points), two remained 
stable and one worsened (Class IV)  [59] . Eight (62%) of 
13 patients with PDN and anti - MAG IgM improved in 
the INCAT sensory and MRC scores and seven (54%) 
also in the INCAT disability score  [60] . After a single 
course of rituximab, improvement lasted 2 years in eight 
of 10 patients and 3 years in six  [61] . Another open study 
of 17 patients with IgM PDN showed improved disability 
in two and improved sensory sum score in nine  [62] . In 
non - randomized comparisons, this Dutch group found 
similar benefi ts and fewer adverse effects from rituximab 
as compared with cyclophosphamide/prednisolone or 
fl udarabine  [62] . 

 In the only published placebo - controlled RCT, 13 of 
26 patients with anti - MAG antibodies were randomized 

  Corticosteroids 
 In a review of uncontrolled studies or case reports  [43] , 
approximately half of the patients responded to cortico-
steroids given in association with other therapies, but 
corticosteroids were seldom effective alone (Class IV).  

   I ntravenous  i mmunoglobulin 
 In one randomized, double - blind, placebo - controlled 
trial only two of 11 patients improved with IVIg, not 
signifi cantly better than placebo  [46]  (Class II). A multi-
centre double - blind crossover trial of 22 patients with 
PDN with IgM MGUS, half of whom had anti - MAG IgM, 
showed signifi cant improvement at 4 weeks with IVIg 
compared with placebo  [47]  (Class II). Ten of 22 patients 
improved with IVIg and four improved with placebo. The 
short duration of follow - up leaves it unclear whether this 
was clinically useful. Regular long - term IVIg was not 
tested. In an open study, 20 participants were randomized 
to IVIg or interferon alpha and only one of 10 treated 
with IVIg improved  [48]  (Class II).  

  Interferon -  a lpha 
 In an open comparative trial against IVIg, eight of 10 
patients with PDN and anti - MAG IgM improved with 
interferon - alpha  [48] , but the improvement was restricted 
to sensory symptoms. However, no benefi t was shown by 
the same authors in a randomized, placebo - controlled 
study on 24 patients with PDN and anti - MAG IgM  [49]  
(Class II).  

  Immunosuppressive  t herapies 
 In a review of uncontrolled studies or case reports  [40, 
43] ,  chlorambucil  was effective in one - third of patients 
when used alone and in a slightly higher proportion in 
combination with other therapies (Class IV). 

 A randomized controlled trial (RCT) of pulsed oral 
 cyclophosphamide  (500   mg daily for 4 days repeated 
monthly for 6 months) with  prednisolone  (60   mg daily for 
5 days) took 8 years to recruit 35 patients, 17 with anti -
 MAG antibodies  [42] . There was no signifi cant difference 
in the primary outcome measure, the Rivermead Mobil-
ity Index (33% improved versus 21% with placebo), 
although signifi cant improvements were seen in second-
ary outcomes, including MRC score up to 2 years of 
follow - up, and sensory, ataxia, quality of life, haemato-
logical, and neurophysiological outcomes (Class I evi-
dence). It is unclear whether the risk of malignant 
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  Treatment of  POEMS   s yndrome 
 This is a malignant condition which should be managed 
in consultation with a haemato - oncologist. The 2008 
Cochrane Review concluded:  ‘ Despite the absence of evi-
dence from randomized trials, the review authors con-
sider it clinically logical that the foundation of treatment 
is radiation for patients with a solitary osteosclerotic 
lesion  … , and high - dose melphalan with autologous 
peripheral blood stem cell transplantation for patients 
under 65 years with diffuse disease as demonstrated by 
multiple bone lesions or documented clonal plasma cells 
in iliac crest biopsy. Lenalidomide/thalidomide, anti -
 VEGF monoclonal antibody [bevacizumab], and conven-
tional chemotherapy with melphalan or cyclophosphamide 
may also be treatment options ’   [65] .  

  Other  s yndromes 
 In the neuropathy associated with multiple myeloma, 
there are no controlled trials and little evidence of 
response to any treatment in anecdotal reports. There are 
no controlled treatment trials in the neuropathy associ-
ated with Waldenstr ö m ’ s macroglobulinaemia. It is 
beyond the scope of this guideline to discuss the treat-
ment of these conditions in general.  
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to receive rituximab  [41] . The primary outcome measure 
using the intention - to - treat population of 26 subjects 
was not signifi cant (Class II). In post hoc, non pre -
 specifi ed analysis, in which one subject was removed 
from the treated group, there appeared to be a signifi cant 
difference between treated and untreated subjects. This 
method of analysis raises questions about the conclusion 
of the published paper. 

 We await the results of another RCT now in progress 
(RiMAG).     

 Recommendations 

  Treatment of  I  g  M   PDN  
    1     In patients without signifi cant disability or haematological 

reason for treatment, there is no evidence that 
immunosuppressive or immunomodulatory treatment is 
benefi cial. Patients may be offered symptomatic treatment 
for tremor and paraesthesiae, and reassurance that 
symptoms are unlikely to worsen signifi cantly for years.  

  2     In patients with signifi cant chronic or progressive disability, 
immunosuppressive or immunomodulatory treatment may 
be considered, although none is of proven effi cacy, and 
there is no consensus on which treatment to use fi rst. IVIg 
or PE may be considered, especially in patients with rapid 
worsening or clinically similar to typical CIDP, although any 
benefi t may be only short term and repeated treatments 
may be required. In attempts to achieve longer - term 
benefi t (or in patients unresponsive to IVIg or plasma 
exchange), clinicians have used rituximab, 
cyclophosphamide with prednisolone, fl udarabine, and 
chlorambucil. All remain unproven and all have risks which 
must be balanced against any possible benefi ts.  

  3     More research on pathogenesis and treatment is needed.     

 Recommendations 

  Treatment of  I  g  G  and  I  g  A   PDN  
 In patients with a CIDP - like neuropathy, the detection of IgG 
or IgA MGUS does not justify a different therapeutic 
approach from CIDP without a paraprotein.  

  Treatment of  I  g  G  and  I  g  A  
 Paraproteinaemic Demyelinating 
Neuropathy  
 In a review of uncontrolled studies on small series of 
patients with an IgG or IgA MGUS, 80% of those with 
CIDP - like neuropathy responded to the same immuno-
therapies used for CIDP (corticosteroids, PE, and IVIg) 
as compared with 20% of those with axonal neuropathy 
 [63]  (Class IV). The only RCT, on 39 patients with neu-
ropathy associated with MGUS including 18 with IgG or 
IgA MGUS and 21 with IgM  [45] , showed PE was effi ca-
cious compared with sham exchange only in patients 
with IgG or IgA MGUS (Class II)  [64] . No distinction 
between demyelinating and axonal forms of neuropathy 
was made in terms of response to therapy.    
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nize characteristic patterns of disease through thorough 
clinical assessment. Areas of particular importance are 
the involvement of the cardiac and respiratory systems, 
but other features such as the presence of muscle hyper-
trophy, contractures, and scapular winging may also be 
of diagnostic help. Prognosis for LGMDs is not uniform 
and thus timely intervention through early identifi cation 
of potential complications may improve survival. 

 An array of diagnostic measures is available but with 
varying ease of use and availability; mutation analysis 
for some genes is a huge undertaking and analysis of 
expressed proteins may be complex. Nevertheless, many 
causative mutations have been identifi ed and it has been 
possible to work towards genotype – phenotype correla-
tions. Genetic analysis has also extended the phenotypic 
range in several of the subtypes, with some genes 
producing hugely variable clinical features in affected 
individuals.  

  Search  s trategy 

 The following search protocols were employed with 
relevant keywords: MEDLINE for original papers and 
review articles (1985 to 2005); Cochrane database 
( www.cochrane.org/index0.htm ); American Academy 
of Neurology (AAN) and European Federation of 
Neurological Sciences (EFNS) practice parameters or 
management guidelines ( www.aan . com/professionals/
practice/guideline/index.cfm; www.efns.org/ ); EMBASE, 
patient organizations ( www.muscular - dystrophy.org;  
 www.mdausa.org;   www.mda.org.au ); previous guidelines 
( www.inahta.org/inahta_web/index.asp;   www.york.
ac.uk/inst/crd/darehp.htm;   www.g - i - n.net/index.cfm?  
fuseaction  membersarea).  
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   Objectives 

 To provide guidelines for the best practice management 
of limb girdle muscular dystrophies (LGMDs) based on 
the current state of clinical and scientifi c knowledge in 
the published literature.  

  Background 

 Limb girdle muscular dystrophy was fi rst described 
as a clinical entity in 1954 by Walton and Natrass  [1] . 
However, it was not until the 1990s that linkage studies 
and the identifi cation of the group of proteins associated 
with dystrophin at the sarcolemma began to demonstrate 
the heterogeneity of LGMDs. Classifi cation of LGMDs 
was established through workshops held at the European 
Neuromuscular Centre (ENMC). The most recent clas-
sifi cation is shown in table  23.1  (modifi ed from Bushby 
and Beckmann  [2]  and updated with the addition of 
more recently defi ned entities). LGMDs are grouped into 
two sections, autosomal dominant (1) or recessive (2), 
and further subdivided into subtypes, each of which is 
known by a designated suffi x allocated in chronological 
order of gene identifi cation. As the genes and proteins 
involved in these disorders are identifi ed, this locus - based 
approach is being superseded by a classifi cation based on 
the underlying genetic defect.   

 With molecular clarifi cation has come the increasing 
realization that it is possible in some instances to recog-
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  Method for  r eaching  c onsensus 

 The results of the literature review were evaluated by 
members of the task force; only those studies specifi c to 
LGMDs or the subtypes have been included. Older studies 
pre - 1985 include cases of  ‘ limb girdle dystrophy ’ , but 
without accurate molecular diagnosis it is not possible to 
extract reliable data from these and so they have been 
excluded. All the evidence was categorized as class IV  [3] .  

  Results 

 LGMDs are relatively recent in their identifi cation and 
clarifi cation and efforts are ongoing with further genes 
and proteins expected to be discovered. In addition, the 
conditions are individually rare, some with only a few 
families identifi ed. To date, no substantial randomized 
controlled trials of management of genetically defi ned 

  Table 23.1    105th  ENMC  w orkshop  c lassifi cation (from  B ushby and  B eckmann  [2]  and  u pdated 
with  s ubsequent  d evelopments). 

   Mode of inheritance     Gene location     Gene symbol (gene product)  

   Limb - girdle MD, dominant   
  AD    5q22 - q34    LGMD1A (   TTID ) (myotilin)  
  AD (AR)    1q11 - 21    LGMD1B (   LMNA ) (lamin A/C)  
  AD (AR)    3p25    LGMD1C (   CAV3 ) (caveolin - 3)  
  AD    7q    LGMD1D (CMD1F)  
  AD    6q23    LGMD1E  
  AD    7q32    LGMD1F  
  AD    4p21    LGMD1G  

   Limb - girdle MD, recessive   
  AR    15q15.1  q21.1    LGMD2A (   CAPN3 ) (calpain 3)  
  AR    2p13    LGMD2B (   DYSF ) (dysferlin)  
  AR    13q12    LGMD2C (   SGCG ) (   - sarcoglycan)  
  AR    17q12  q21.33    LGMD2D (   SGCA ) (   - sarcoglycan)  
  AR    4q12    LGMD2E (   SGCB ) (   - sarcoglycan)  
  AR    5q33 - q34    LGMD2F (   SGCD ) (   - sarcoglycan)  
  AR    17q11 - q12    LGMD2G (   TCAP ) (telethonin)  
  AR    9q31 - q34.1    LGMD2H (   TRIM32 )  
  AR    19q13.3    LGMD2I (   FKRP ) (Fukutin - related protein)  
  AR    2q    LGMD2J (   TTN ) (Titin)  
  AR    9q34    LGMD2K (   POMT1 )  
  AR    11p14.3    LGMD2L (   ANO5 )  
  AR    9q31    LGMD2M (   FKTN ) (Fukutin)  
  AR    14q24    LGMD2N (   POMT2 )  
  AR    1p34.1    LGMD20 (   POMGNT1 )  

LGMD have been published. However, as each condition 
becomes better understood, the phenotypic features of 
each become apparent through case reports and cohort 
studies and it is possible to recommend both general and 
specifi c Good Practice Points  [3]  for the management of 
LGMDs based on this knowledge.  

  Good  P ractice  P oints for 
 m anagement of  LGMD  

  Aspects of  c are -  D iagnosis 

  Clinical  a ssessment 

  General  p rinciples 
 Thorough clinical assessment provides the basis for 
directing further investigation. Neonatal course, timing 
of developmental motor milestones, and ability to rise 
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to point out that for mutations in some of these genes, 
there is clinical heterogeneity. Specifi c examples of this 
include myotilin mutations (responsible for the rare 
LGMD1A and myofi brillar myopathy), caveolin 3 muta-
tions (reported with a range of presentations including 
hyperCKaemia, LGMD1C, and rippling muscle disease), 
and lamin A/C mutations, which are probably the most 
clinically variable of all, and have been reported in at least 
seven distinct diseases, in some of which muscle involve-
ment may be minimal or absent. The variability in pre-
sentation for all of these conditions means that different 
family members, or indeed the same individual, may 
present with one or more manifestations of mutation in 
a particular gene.    

  Specifi c  c linical  p ointers/indicators 
 In contrast to the congenital muscular dystrophies and 
myopathies, the only LGMD that may result in neonatal 
hypotonia is LGMD1B (lamin A/C). None of the LGMDs 
has been described in association with neonatal contrac-
tures. Those conditions that are most likely to present in 
early childhood are LGMD1B, 1C (caveolin - 3 defi ciency), 
the sarcoglycanopathies, LGMD2A (calpain defi ciency), 

from the fl oor/presence of Gowers ’  manoeuvre may all 
be of relevance. The ability to run, hop, and jump, and 
sporting ability may be signifi cantly affected in childhood 
or may be normal until even middle age. The age of onset 
may vary both between and within subtypes and even 
between patients with the same mutation. 

 By defi nition, LGMDs have in common a predilection 
for involvement of the proximal musculature in the 
shoulder and pelvic girdles, but these may be differen-
tially affected, particularly in the early stages, and involve-
ment of distal muscles may also occur. Rate of progression 
of the muscle weakness may not be linear. 

 Features such as spinal rigidity, scoliosis, and limb con-
tractures should be sought. Hypertrophy, usually of calf 
muscles but also of other limb muscles and even the 
tongue, may be present. Family history may suggest an 
autosomal dominant inheritance or consanguinity. 

 Although it is not possible to provide an absolute pre-
diction of the clinical pattern, table  23.2  outlines the 
presence or absence of typical features in each LGMD to 
give a guide to the underlying diagnosis  [4 – 6] . Exceptions 
to the commonly recognized patterns can occur and the 
table should be seen as a guide only. It is also important 

  Table 23.2    Predominant  c linical  f eatures for the  m ost  f requently  o ccurring  LGMD  s . 

   Disease     Age of 
onset  1    

   Weakness  2       CK 
level  3    

   Muscle 
hypertrophy  4    

   Contractures  5       Special 
features  6    

   Respiratory  7       Cardiac  8    

  LGMD1A    c, d    Proximal/distal    A    No    No    Dysarthria    ?    Yes?  
  LGMD1B    a, b    Proximal/distal    A    No    Yes     –     Yes    Yes A, CM  
  LGMD1C    a – d    Proximal/distal    B/C    Some cases    No    PIRCs, RMD    No    No  
  LGMD2A    a – c    Proximal    B/C    Some cases    Yes     –     No    No  
  LGMD2B    b, c    Proximal/distal    C    No    No     –     No    No  
  LGMB2C - F    a, b    Proximal    B/C    Yes    Secondary     –     Yes    Yes CM  
  LGMD2G    a, b    Proximal/distal    A – C    Some cases    No    Brazil    ?    No  
  LGMD2H    b, c    Proximal    B    No    No    Hutterites    ?    No  
  LGMD2I    a – d    Proximal    B/C    Yes    No        Yes    Yes CM  
  LGMD2J    a, b    Proximal/distal    B    No    No    Finnish    ?    No?  

    1 Range of age of onset in majority of patients: a        below age 10 years; b        10 – 20 years; c        20 – 40 years; d        over 40 years.  
   2 Pattern of distribution of weakness in limb muscles.  
   3 Range of creatine kinase (CK) level at diagnosis: A        normal or mildly elevated at less than 5x upper limit of normal; B        5 – 10x upper 
limit of normal; C        more than 10x upper limit of normal.  
   4 Presence of muscle hypertrophy in limb muscles may occur.  
   5 Presence of early fi xed limb contractures may occur.  
   6 Percussion - induced rapid muscle contractions (PIRCs); Rippling muscle disease (RMD).  
   7 Presence of frequent respiratory complications.  
   8 Presence of frequent cardiac complications: A        arrhythmia, CM        cardiomyopathy.   
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(EDMD) phenotype also caused by mutations in lamin 
A/C. Contractures may also be seen in LGMD2A but tend 
to be milder. Spinal rigidity is often a feature in LGMD1B 
and occasionally in LGMD2A  [9] . Scoliosis is most often 
seen in LGMD2C - F, particularly once wheelchair depen-
dence occurs. 

 Specifi c indicators include the reported dysarthria in 
the rare LGMD1A (myotilin) patients  [12] . On the other 
hand, phenotypic variation within the same family as 
well as overlapping phenotypes are well - recognized; a 
mutation in a single LGMD gene such as caveolin - 3 may 
produce one or more of a number of manifestations, such 
as rippling muscles and percussion - induced repetitive 
contractions. This also occurs in the laminopathies, 
where some members of the family may have partial lipo-
dystrophy or peripheral neuropathy in addition to their 
muscle weakness, for example, whereas other members 
do not, and indeed may have pure cardiac disease. 

 Intellectual impairment and facial weakness are not 
characteristically seen. A malignant hyperthermia reac-
tion to general anaesthesia has been reported in two 
patients from the Hutterite population who have muta-
tions in FKRP (rather than TRIM32). 

 Geographical location of cases may also be helpful. 
LGMD2G (telethonin) has so far only been described in 
Brazilian patients  [13] . LGMD2H (TRIM32) is a rela-
tively mild form seen in some areas of Canada with onset 
in the second or third decade and slow progression; most 
patients were still ambulant into their 50s  [14] . Sarcotu-
bular myopathy is described in patients with the same 
TRIM 32 mutations  [15] . LGMD2J (titin) was described 
in Finnish patients initially. 

 Cardiac involvement is very common in LGMD1B, 
2C - F, and 2I, whereas signifi cant disease is infrequent in 
LGMD1C, 2A, and 2B. Cardiac complications may take 
the form of dysrhythmias or hypertrophic or dilated car-
diomyopathy. Isolated familial hypertrophic cardiomy-
opathy has been described with CAV - 3 mutations  [16] . 
Patients may be affected by both a dysrhythmia and car-
diomyopathy, especially in LGMD1B. Respiratory muscle 
weakness does not necessarily accompany cardiac impair-
ment; it is seen most often in LGMD2C - F and in 2I, 
where diaphragmatic involvement may be seen when 
patients are still amubulant, but tends to be insignifi cant 
in 2A and 2B. Symptoms of nocturnal hypoventilation 
may herald the development of signifi cant respiratory 
muscle weakness and need for intervention.   

and some cases of LGMD2I. All of the LGMDs may result 
in a lifelong decreased sporting ability. This is less likely 
in LGMD2B (dysferlin defi ciency), which in many 
patients is associated with a normal sporting ability until 
an abrupt onset of diffi culty, occasionally preceded by a 
transient painful swelling of calf muscles. 

 Age of onset is relatively well - defi ned for some condi-
tions: the mean age of onset for LGMD2A is in the early 
teens and in LGMD2B is 20   /   5 years  [4] ; however, for 
others a much wider age range is found, such as in 
LGMD1C where age of onset may be from early child-
hood to the eighth decade, depending on the phenotype 
 [7] . LGMD2C - F are also variable in their onset and 
progression; some patients (typically especially    and    
sarcoglycanopathies) may be as severely affected as 
patients with Duchenne muscular dystrophy (DMD), 
whereas others are still ambulant into their 40s. 
Alpha - sarcoglycanopathy (LGMD2D) tends to be the 
mildest of the sarcoglycanopathies  [8] . 

 Most LGMDs by defi nition involve predominantly 
proximal musculature, certainly once the full phenotype 
has evolved, but potential diagnostic diffi culty could arise 
in, for example, the presence of only distal muscle 
involvement in the early stages of the Miyoshi type of 
dysferlin defi ciency (although the characteristic gastroc-
nemius weakness is helpful) or in some patients with 
LGMD1B or 1C. An example of another useful discrimi-
nator is the relative preservation of hip abductor muscles 
in LGMD2A  [9, 10]  and the striking involvement of the 
posterior thigh muscles as shown on muscle magnetic 
resonance imaging (MRI)  [11] . Scapular winging is most 
characteristically seen in LGMD2A and 2C - F. 

 Associated features such as muscle hypertrophy may 
be observed quite frequently in LGMD1C, 2C - F, and 2I 
(Fukutin - related protein, FKRP). Calf hypertrophy is 
most common but other limb muscles may also be 
involved, as may the tongue. The calf hypertrophy 
present in LGMD2I (in addition to the cardiac and 
respiratory involvement) resembles the Becker pheno-
type and has led to misdiagnosis of patients in the past. 
Macroglossia is seen in LGMD2C - F and 2I on occasion. 
Focal muscle atrophy is most typical of LGMD2A and 
LGMD2B. 

 Contractures are most common in LGMD1B, where 
they may occur in childhood or develop over the course 
of the condition, representing an overlap with the auto-
somal dominant Emery – Dreifuss muscular dystrophy 
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loss of the thigh muscles and involvement of tibialis ante-
rior is present  [17] . 

  Muscle biopsy  site(s) may be guided by imaging results. 
They are likely to yield the most useful information if 
they are undertaken on a clinically affected muscle, but 
preferably not one that is  ‘ end - stage ’ . Multiple biopsies 
may be performed. No studies compare open versus 
needle biopsies, although with the increasing number of 
immunohistochemical and immunoblotting procedures 
possible, it is important to obtain suffi cient tissue to 
allow meaningful interpretation. 

 Muscle tissue should fi rst be analysed with standard 
histological techniques. All LGMDs show dystrophic 
features with variation in fi bre size, increased numbers 
of central nuclei, and endomysial fi brosis. Infl ammatory 
infi ltrates are seen most commonly in dysferlin defi -
ciency. Thus, there is the potential for diagnostic confu-
sion and patients may have received a previous diagnosis 
of polymyositis. Rimmed vacuoles and Z - line streaming 
may be seen in myotilin mutations as well as with 
mutations in the other genes causing myofi brillar 
myopathy. Table  23.3  summarizes typical fi ndings in 
each condition.   

  Immunohistochemistry and immunoblotting  should be 
undertaken in a laboratory with suffi cient expertise in 

  Investigation 
 Serum  creatine kinase  (CK) is a simple and useful inves-
tigation provided that non - muscle conditions are 
excluded fi rst. The degree of elevation may be helpful in 
differentiating broadly between diagnoses; typically, it 
may be normal or only mildly raised in conditions such 
as LGMD1A and 1B, moderately raised (5 – 10x upper 
limit of normal) in LGMD1C, 2A, 2C - F, and 2I, and 
grossly raised (over 10x) in LGMD2B. 

  Neurophysiology  studies are of little value in refi ning 
a diagnosis of LGMD. Nerve conduction studies can 
exclude a neuropathy if this causes diagnostic doubt 
in the early stages of presentation. Electromyography 
(EMG) usually shows myopathic features in patients with 
any type of LGMD with no ability to further specify the 
diagnosis. Laminopathy patients may additionally or 
exclusively have a peripheral neuropathy. 

  Muscle imaging  with computed tomography (CT) or 
MRI is used increasingly to determine patterns of muscle 
involvement. No large studies of the LGMDs have been 
published but case reports and small series suggest char-
acteristic patterns in some conditions. The most consis-
tent examples are LGMD2A, which selectively involves 
hip extensors and adductors  [11] , involvement of the 
glutei in    - sarcoglycanopathy  [8] , and LGMD2J, where 

  Table 23.3    Characteristic  m uscle  b iopsy  fi  ndings in the  m ore  c ommon  LGMD  s . 

   Disease     Protein     Histological features     Immunoanalysis: primary changes     Secondary changes  

  LGMD1A  *      Myotilin    Dystrophic, infl ammatory 
infi ltrate, rimmed vacuoles  

  Myotilin normal, DGC intact       laminin    1  

  LGMD1B    Lamin A/C    Dystrophic    Lamin A/C usually normal       laminin   1  
  LGMD1C    Caveolin - 3    Myopathic or dystrophic       caveolin - 3 labelling       dysferlin  
  LGMD2A    Calpain - 3    Dystrophic    Absent, partial defi ciency or normal    Calpain - 3 degradation  
  LGMD2B    Dysferlin    Dystrophic, infl ammatory       dysferlin       calpain - 3 in half  
  LGMD2C       - sarcoglycan    Dystrophic          - sarcoglycan       other SG, dystrophin  
  LGMD2D       - sarcoglycan    Dystrophic          - sarcoglycan       other SG, dystrophin  
  LGMD2E       - sarcoglycan    Dystrophic          - sarcoglycan    Severe    other SG, dystrophin  
  LGMD2F       - sarcoglycan    Dystrophic          - sarcoglycan    Severe    other SG, dystrophin  
  LGMD2G    Telethonin    Dystrophic, rimmed vacuoles    Loss of telethonin labeling     –   
  LGMD2H    TRIM32    Myopathic, sarcotubular     –      –   
  LGMD2I    FKRP    Dystrophic    Often normal       laminin   2 and   DG  
  LGMD2J    Titin    Myopathic, dystrophic, 

rimmed vacuoles  
     titin       calpain - 3  

    * EM Z - line streaming.   
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avoids the need for muscle biopsy, although it is not in 
mainstream use at present  [26] . 

  DNA analysis  directed to provide confi rmation of 
mutation in the affected gene(s) is the gold standard of 
diagnosis, and necessary to be able to offer carrier or 
presymptomatic testing to other family members. This is 
more straightforward in some forms of LGMD than 
others, depending to a large extent on whether or not 
there are commonly detected mutations or if mutations 
in different families tend to be unique. For example, the 
FKRP  ‘ common mutation ’  C826A in LGMD2I can be 
detected readily in a diagnostic laboratory, whereas some 
of the other causative genes are large, for example dysfer-
lin (55 exons), and screening for mutations is a formi-
dable task. Thus mutation analysis in the lamin A/C, 
calpain - 3, dysferlin, and sarcoglycan genes may be 
restricted to those exons where most mutations have 
been detected previously; at present this is available only 
in selected laboratories. Mutation detection for the rarer 
types of LGMD may only be available on a research basis.    

both the performance and interpretation of these tech-
niques. Immunohistochemical staining with a panel of 
antibodies ideally including all four anti - sarcoglycan 
antibodies may show one or more abnormalities. Dem-
onstration of normal dystrophin staining is important 
(although there may be a mild secondary reduction in 
sarcoglycan defi ciency). Quantitative analysis of proteins 
by Western blotting may be an additional useful tech-
nique for elucidating primary and secondary protein 
abnormalities  [18, 19] . 

  Primary  changes on immunoanalysis may be clear and 
direct analysis specifi cally towards the underlying genetic 
defect, such as caveolin - 3 reduction in LGMD1C. In 
other diseases, because of the interdependence of the sar-
colemmal and associated proteins, disruption of one 
member of the complex or pathway may result in the 
concomitant loss of interacting proteins. This is particu-
larly prominent in disorders of the dystrophin - associated 
complex, where there may be reduction in all or many of 
the complex members, and secondary calpain - 3 reduc-
tion is seen in half of dysferlin defi ciency patients and in 
patients with LGMD2J. These  secondary  changes may 
lead to diagnostic diffi culty, particularly when direct 
assay for the primary defect is diffi cult. 

 In other situations, secondary changes may be the only 
clue to the underlying disorder. For example, in LGMD1B 
lamin A/C labelling is usually normal but there is fre-
quently a secondary reduction in laminin -   1 in adult 
patients. In LGMD2I, secondary reduction of laminin -   2 
on immunolabelling was detected in most cases  [20]  and 
reduction in    - dystroglycan may also be seen and may 
correlate with the phenotype  [21] . A defi ciency of    -
 dystroglycan is not specifi c for LGMD21 and may indi-
cate the presence of a mutation in another glycosylation 
protein such as POMT1, the causative gene in LGMD2K 
 [22] . A summary of commonly observed primary and 
secondary changes is shown in table  23.3 . 

 Immunoblotting has been the accepted test required 
for the diagnosis of LGMD2A  [23] . However, there is 
variability in the quantity and function of calpain - 3 
protein detected on immunoblots, even for those patients 
in whom a calpain mutation is proven  [24]  and thus 
emphasis has shifted to earlier analysis of the calpain - 3 
gene  [25] . 

 One group has developed a blood - based assay for dys-
ferlin expression in monocytes, showing that this corre-
lates with skeletal muscle expression. This potentially 

 Recommendations 
    Careful clinical assessment of factors such as the pattern of 
muscle involvement, associated features, and family history 
should suggest the likely diagnosi(e)s in a patient with 
LGMD. Confi rmation of this should be achieved through the 
selective use of predominantly laboratory - based 
investigations, some of which are highly specialized and 
should only be undertaken in a laboratory with appropriate 
expertise. In some conditions this may be relatively 
straightforward but in others verifi cation of the underlying 
mutation presently remains in the realm of the research 
laboratory. In the UK, patients may be referred for 
assessment to the centre for limb girdle muscular dystrophy 
funded by the National Specialised Commissioning Group 
(NCG).  

  Assessment and  m onitoring of 
 a djunctive  a spects 

  Respiratory  m anagement 
 Respiratory muscle weakness resulting in symptomatic 
hypoventilation and respiratory failure is found in a few 
of the LGMDs, most frequently in LGMD2I  [20]  and the 
sarcoglycanopathies. In LGMD2I and occasionally in the 
sarcoglycanopathies, respiratory failure may arise while 
the patient is still ambulant  [2, 20] . 
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severe cardiac failure but relatively well - preserved respi-
ratory function, consideration of cardiac transplantation 
may be appropriate.    

 There are no recommendations specifi c to the LGMDs 
but extrapolation from the monitoring and investigation 
of respiratory involvement in other neuromuscular con-
ditions is helpful. Awareness of symptoms of respiratory 
insuffi ciency, such as frequent chest infections, morning 
headache, and daytime somnolence, is important. Mea-
surements of sitting (and supine if   80%) forced vital 
capacity (FVC) may be made in the outpatient clinic. 
Overnight pulse oximetry is recommended if the FVC is 
  60%. Annual infl uenza vaccination and prompt treat-
ment of respiratory infections are suggested. Liaison with 
a respiratory physician with experience in the manage-
ment of neuromuscular disorders is essential to ensure 
optimal timing of intervention with nocturnal home 
ventilation.  

  Cardiac  m anagement 
 The important issue of cardiac complications in LGMD 
as well as in other muscle conditions was considered at 
the 107th ENMC workshop  [27] . Cardiac involvement 
may manifest as a conduction defect and/or cardiomy-
opathy. In laminopathies, arrhythmias such as atrioven-
tricular block, atrial paralysis, and atrial fi brillation/
fl utter occur in the majority of patients by age 30 years 
and permanent pacing is required. However, even with 
permanent pacing, sudden death may occur in 46% of 
lamin A/C mutation carriers and therefore an implant-
able defi brillator is recommended  [28] . Dilated cardio-
myopathy arises in a third of laminopathy patients and is 
usually severe. Arrhythmias and hypertrophic or dilated 
cardiomyopathy are present in approximately 20% of 
sarcoglycanopathy patients. A third of LGMD2I patients 
have a cardiomyopathy that is symptomatic. The remain-
ing LGMDs do not characteristically show signifi cant 
cardiac compromise. 

 Thus the ability to defi ne precisely the underlying 
genetic defect allows a tailored approach to monitoring 
through better anticipation of the onset and progression 
of cardiac aspects. Monitoring and treatment of 
LGMD1B, 2C - F, and 2I patients require close cardiologi-
cal supervision. Electrocardiography and echocardiogra-
phy are suggested as the standard initial investigations. 
In the absence of dedicated studies, treatment of heart 
failure is undertaken on general principles with early use 
of angiotensin - converting enzyme inhibitors. Anticoagu-
lation may need consideration in patients with atrial 
fi brillation or standstill. For patients with particularly 

 Recommendations 
    Although serial monitoring of basic measurements of 
respiratory and cardiac function is attainable in the 
neurology outpatient setting, patients with a LGMD subtype 
known to place them at additional risk of cardiorespiratory 
complications ideally should be managed in conjunction 
with a respiratory physician and/or cardiologist. Intervention 
in the form of nocturnal ventilatory assistance for respiratory 
failure and with permanent pacing and/or management of 
developing cardiomyopathy may be life saving. The need to 
monitor for and treat complications as appropriate also 
applies to those patients in whom the underlying diagnosis 
is unknown as it follows that the attendant risk of 
cardiorespiratory complications is also unknown, but that 
general principles of management will apply.  

  Physical  m anagement 
 There are no papers relating specifi cally to LGMD and 
physiotherapy, exercise, or orthotic use. The application 
of general principles is probably appropriate, as reviewed 
in Eagle  [29] . Prevention of contracture development 
through stretching and splinting orthoses is important in 
maximizing functional ability. Release of functionally 
limiting contractures (especially of the Achilles tendons) 
may be necessary especially in LGMD1B, LGMD2A, or in 
childhood - onset sarcoglycanopathy or LGMD2I. Scolio-
sis in LGMD occurs mainly after wheelchair dependence 
and attention should be paid to seating. The role of exer-
cise is controversial but basic guidelines as for other types 
of muscular dystrophy would encourage gentle exercise 
within comfortable limits and the avoidance of pro-
longed immobility.  

  Genetic  c ounselling 
 Many patients seek medical advice due to concern for 
themselves, relatives, or descendants. Delineation of the 
LGMD subtype allows knowledge of its autosomal domi-
nant or recessive inheritance pattern to inform genetic 
counselling appropriately. Care is required in some con-
ditions such as LGMD1B as, despite the absence of 
affected members in previous generations, there is a fairly 
high new dominant mutation rate. Confi rmation of the 
diagnosis in LGMD2I patients in particular has led to 
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altered advice in some, as previously they had been 
thought to be affected by Becker muscular dystrophy, an 
X - linked condition.    

  Drug  t reatment 
 There are no established drug treatments for LGMDs. Six 
patients with sarcoglycan - defi cient muscular dystrophy 
took part in a double - blind, placebo - controlled crossover 
trial of creatine monohydrate. Thirty patients with other 
conditions were included. The mean improvement of 3% 
in muscle strength over the 8 - week trial period was found 
to be signifi cant but modest  [30] . There are no relevant 
studies on the use of co - enzyme Q10 (ubiquinone). 

 Corticosteroids have an established role in DMD boys 
 [31] ; on this basis they have been used empirically in 
some patients with LGMD2C - F with reported improve-
ment  [32, 33] . As these conditions are so much rarer than 
DMD, it will not be possible to perform adequate 
treatment trials without collaboration among mul-
tiple neuromuscular centres. This is being facilitated by 
international initiatives such as TREAT - NMD ( www.
treat - nmd.eu ).  

  Confl ict of  i nterests 
 The authors have reported no confl icts of interest rele-
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  Neurological  c omplications 

 These guidelines deal with the most common neurological 
complications of HIV infection. Although the epidemiol-
ogy of neurological complications has changed consider-
ably in recent years in the West, the spectrum has remained 
relatively unchanged. The most frequent opportunistic 
infections are cerebral toxoplasmosis, cryptococcal 
meningitis, progressive multifocal leukoencephalopathy 
(PML), tuberculous meningitis, cytomegalovirus (CMV) 
encephalitis, and CMV polyradiculomyelitis. Primary 
central nervous system (CNS) lymphoma has become less 
frequent, but is still an important cause of focal brain 
disease. The neurological diseases that are more directly 
related to HIV itself are HIV dementia, vacuolar myelopa-
thy, and peripheral neuropathy. HIV dementia is rare 
in patients who take HAART, but with resistance and 
compliance problems patients may become at risk. More 
subtle cognitive dysfunction is only recently recognized 
in long - term infected patients. The epidemiology and 
pathogenesis are not clear yet. It has been suggested that 
an ongoing chronic infection and immunoactivation play 
a role. Peripheral neuropathy is still a frequent complica-
tion, not only in severely immunosuppressed patients. 
The role of antiretroviral drugs in the pathogenesis 
remains uncertain.  

   HAART  

 An increasing number of potent antiretroviral drugs are 
available  [4] . When used in combinations of three or four 
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   Background and  o bjectives 

 The introduction and widespread use of highly active 
antiretroviral therapy (HAART) for the treatment of HIV 
infection has resulted in dramatic reductions in morbid-
ity, mortality, and healthcare utilization  [1 – 3] . Decreas-
ing rates for opportunistic infections, including the 
neurological infections, have been reported. Diagnostic 
tools for these neurological complications have been 
greatly improved in the past 10 years. The therapeutic 
approach to the neurologic diseases has been infl uenced 
by the success of HAART. However, HIV infection has 
spread in new populations and the neurological compli-
cations are still frequent in patients who are not ade-
quately treated and are immunosuppressed. Furthermore, 
recent studies show that patients who have been infected 
and/or treated for many years are at risk for developing 
neurocognitive dysfunction. Alertness, together with 
neurological knowledge and expertise remain urgently 
needed. Together, these developments form the main 
reason for producing these new guidelines. 

 The objective of the study was to provide neurologists 
and others with evidence - based guidelines for the diag-
nosis and treatment of neurological complications of 
HIV infection.  
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© 2011 Blackwell Publishing Ltd.
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months. Primary prophylaxis for neurological complica-
tions is not recommended.  

  Search  s trategy 

 A MEDLINE (National Library of Medicine) search of 
the relevant literature from 1966 to August 2002 was 
undertaken using various combinations of the following 
MeSH headings: HIV - 1, acquired immunodefi ciency 
syndrome, HIV - infections, toxoplasmosis cerebral, men-
ingitis cryptococcal, leukoencephalopathy progressive 
multifocal, polyneuropathies, polyradiculopathy, enceph-
alitis, myelitis transverse, lymphoma, central nervous 
system, cytomegalovirus infection, tuberculosis central 
nervous system, diagnosis, therapeutics, drug therapy. 
The following free text words were used: highly active 
antiretroviral therapy, cerebral toxoplasmosis, PML, 
CMV encephalitis, CMV polyradiculomyelitis, primary 
CNS lymphoma, HIV dementia, AIDS dementia, vacu-
olar myelopathy, HIV myelopathy, and sensory neuropa-
thy. Limitations included meta - analysis, randomized 
controlled trial, sensitivity and specifi city, cohort studies, 
case control studies.  

  Grading of  r ecommendations 

 All members of the task force prepared one or more of 
the 10 selected neurological complications. The material 
available from the literature review was integrated and 
summarized in graded recommendations. The recom-
mendations were approved by all members. 

  Cerebral  t oxoplasmosis 
 Cerebral toxoplasmosis is a frequent cause of focal brain 
disease in HIV infection.  Toxoplasma gondii  is an obligate 
intracellular protozoan parasite in human beings. Toxo-
plasmic encephalitis is almost always caused by reactiva-
tion of  Toxoplasma gondii  cysts in brain parenchyma. 

  Diagnosis 
 A presumptive diagnosis of cerebral toxoplasmosis in 
HIV - infected patients is based on: (1) progressive neuro-
logical defi cits, (2) contrast - enhancing mass lesion(s) on 
imaging studies [computed tomography/magnetic reso-

drugs, this treatment is called HAART. In most HIV -
 infected patients, especially treatment - naive patients, 
HAART is effective in rapidly reducing plasma levels of 
HIV - RNA, accompanied by a gradual increase in CD4 
cell counts, sometimes to normal levels  [4] . For many 
antiretroviral - naive patients, CD4 cell counts increase to 
levels at which the patients are no longer generally sus-
ceptible to serious opportunistic infections. As currently 
available antiretroviral regimens will not eradicate HIV, 
the goal of therapy is to durably inhibit viral replication 
so that the patient can attain and maintain an effective 
immune response to most potential microbial pathogens 
 [5, 6] . The recently updated recommendations of the 
Working Group of the Offi ce of AIDS Research Advisory 
Council (OARAC)  [7]  advise the start of treatment in 
patients with symptomatic HIV disease and in patients 
with CD4 cell counts below 350 cells/  l or viral loads 
above 50 000 – 100 000 copies/ml  [6] . The most com-
monly used regimens to start with contain two nucleo-
side reverse transcriptase (RT) inhibitors with either a 
non - nucleoside RT inhibitor or a single (or boosted) pro-
tease inhibitor. Antiretroviral activity is evaluated by 
assessing changes in CD4 cell count and viral load in the 
plasma. The availability of new drugs has widened the 
options for patients who fail to respond to their antiret-
roviral regimen. A patient with one of the neurological 
complications described below has symptomatic HIV 
disease and HAART is indicated, but the strength of the 
evidence for this recommendation varies from complica-
tion to complication. 

 The immune restoration itself, i.e. the result of 
HAART, may have a benefi cial effect on the neurological 
complication. For some of the neurological diseases 
(PML, HIV dementia), this has been documented in 
small, uncontrolled studies. Besides HAART, disease -
 specifi c therapy for neurological complications is indi-
cated, as discussed below. The duration of these specifi c 
treatments is determined by the level of immunosup-
pression. Before HAART became available, the treatment 
for acute infection had to be followed by lifelong sec-
ondary prophylaxis to prevent relapses (e.g. for toxoplas-
mosis, cryptococcosis). The recommendation in general 
now with HAART is that secondary prophylaxis can be 
discontinued if CD4 cell counts show a signifi cant and 
sustained increase in both absolute and percentage 
terms, for example, if they have increased to above 200 
cells/  l and have remained at that level for at least 3 
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  Diagnosis 
 A defi nitive diagnosis of cryptococcal meningitis is made 
by using any of the following methods. 
  1     Visualizing the fungus in the CSF using India ink (sen-
sitivity 75 – 85%) (Class I).  
  2     Detecting cryptococcal antigen by latex agglutination 
assay in the CSF (sensitivity 95%) (Class I).  
  3     Positive CSF culture for  C. neoformans  (Class I).     

  Treatment 
 It is important to be alert (especially in the fi rst week after 
the diagnosis has been made) for high CSF pressures that 
may lead to blindness, coma, seizures, etc.  [17] . Remov-
ing 20 – 30   ml CSF by (repeated) spinal tap or (in severe 
cases) a lumbar drain for a few days may be necessary. 
Based on several randomized clinical trials  [18 – 21]  the 
recommendation for treatment is: amphotericin B 
0.7   mg/kg/day i.v. (with or without fl ucytosine 5 - FC; 
100   mg/kg/day orally) for 2 weeks (Class Ia). This treat-
ment is followed by: fl uconazole 400   mg/day (or itracon-
azole 400   mg/day) (orally) to complete a course of 10 
weeks (Class Ia, Level A recommendation). The addition 
of fl ucytosine to amphotericin B did not signifi cantly 
improve the mortality and clinical course in a random-
ized clinical trial (RCT); however, fl ucytosine was well 
tolerated and there was a trend to a better CSF steriliza-
tion with its use in this study  [21] . CSF examination 
should be repeated to confi rm a therapeutic response 
(negative CSF culture). 

 For secondary prophylaxis fl uconazole 200   mg/day 
(oral) (Class Ia, Level A recommendation;  [22 – 24] . Sec-
ondary prophylaxis can be stopped according to the rec-
ommendations described above.   

  Progressive  m ultifocal 
 l eukoencephalopathy 
 Progressive multifocal leukoencephalopathy (PML) is a 
viral opportunistic infection of oligodendrocytes and 
astrocytes leading to demyelination in the CNS. The 
causative agent is a polyomavirus named JC virus. JC 
virus is ubiquitous in human beings and is usually 
acquired during adolescence (two - thirds have antibodies 
at age of 14 years). 

  Diagnosis 
 Slowly progressive focal neurological defi cits with asym-
metrical white matter abnormalities on MRI suggest 

nance imaging (CT/MRI)], (3) successful response within 
2 weeks to specifi c treatment (see below) [Class IV]. 
Absence of one or more of these characteristics makes 
cerebral toxoplasmosis less likely. Those patients are pos-
sible candidates for brain biopsy. In clinical practice, 
most patients with mass lesion(s) are given 2 weeks of 
treatment anyway (including patients with negative 
serology or a single lesion). Cerebrospinal fl uid (CSF) 
studies, including antibody studies and polymerase chain 
reaction (PCR) studies, have not produced conclusive 
results  [8] .  

  Treatment 
 Primary therapy for cerebral toxoplasmosis  [9 – 11] : pyri-
methamine 200   mg load, then 50   mg/day (oral) with 
sulfadiazine 1   g four times daily (oral) (or clindamycin 
intravenous (i.v.) or oral 600   mg four times daily) with 
folinic acid 10   mg/day (oral) (Class IIa, Level B 
recommendation). 

 Other possible combinations include the following. 
  1     Trimethroprim/sulfamethoxazol oral or i.v. 2.5 – 5   mg/
kg (TMP) q.i.d. (Class IIa)  [12] .  
  2     Pyrimethamine (as above) plus clarithromycin 1   g 
twice daily (Class III).  
  3     Pyrimethamine (as above) plus azithromycin 600 –
 1800   mg/day (Class III)  [13] .  
  4     Pyrimethamine (as above) plus dapsone 100   mg/day 
(Class III).  
  5     Atovaquone 750   mg four times daily (oral) (Class IIa) 
 [14] .    
 For secondary prophylaxis  [9, 11] : pyrimethamine 50   mg/
day with sulfadiazine 500   mg four times daily (Class IIa, 
Level B recommendation). Alternatives are: atovaquone 
750   mg four times daily (oral) (Class IIa)  [15]  13] or 
pyrimethamine 50   mg/day        sulfadiazine 500   mg four 
times daily, twice a week (Class IIa)  [16] . 

 The primary therapy is usually continued for 6 weeks, 
followed by secondary prophylaxis. Secondary prophy-
laxis can be stopped according to the recommendations 
described above.   

  Cryptococcal  m eningitis 
 Infection with the yeast  Cryptococcus neoformans  in HIV -
 infected individuals most often leads to a subacute men-
ingitis. The initial infection is a pulmonary infection. In 
the immunosuppressed host, dissemination occurs after-
wards to many organ systems, including the CNS. 
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 Maintenance treatment  [32] : ganciclovir 5   mg/kg/day 
i.v. (Class IV).   

   CMV   p olyradiculomyelitis 
 This is the most common polyradiculomyelitis in AIDS. 
The most frequent manifestations are pain (low - back, 
sciatic), paresthesia, sphincter dysfunction, distal sensory 
loss, and progressive ascending weakness. 

  Diagnosis 
 CMV polyradiculomyelitis is suspected in an HIV -
 infected patient with (usually) a history of CMV disease 
(e.g. CMV retinitis), clinically a rapidly ascending poly-
radiculomyelitis and a highly characteristic CSF poly-
morphonuclear pleocytosis. The diagnosis is strongly 
supported by: (i) positive CSF - PCR for CMV - DNA (sen-
sitivity 62 – 100%; specifi city 89 – 100%) (Class I)  [31]  or 
(ii) positive CSF culture (Class I)  [31] , but in general CSF 
viral cultures are highly insensitive.  

  Treatment 
 Induction treatment (for 3 weeks)  [32] : ganciclovir 5   mg/
kg i.v. b.i.d. (Class IV) or foscarnet 90   mg/kg i.v. b.i.d. 
(Class IV) or cidofovir 5   mg/kg i.v. every week; after two 
courses every 2 weeks (Class IV) or ganciclovir and fos-
carnet (dosages as above) (Class IV, Level C 
recommendation). 

 Maintenance treatment  [32] : ganciclovir 5   mg/kg/day 
i.v. (Class IV).   

  Tuberculous  m eningitis 
 Infection with  Mycobacterium tuberculosis  is the leading 
cause of death worldwide among persons infected with 
HIV. Tuberculous meningitis and CNS tuberculomas are 
common complications. CNS tuberculosis in HIV disease 
is more frequent in developing countries. 

  Diagnosis 
 CNS tuberculosis has been described in 10 – 20% of 
patients with HIV - related tuberculosis. Lymphocytic 
pleocytosis, low glucose, and raised protein are the typical 
features of tuberculous meningitis. Post - contrast brain 
scans show enhancement of the meninges and the 
periphery of the tuberculoma and, on occasion, may 
reveal miliary lesions. Hydrocephalus may appear early. 
The diagnosis is based on demonstration of  Mycobacte-
rium tuberculosis  in the CSF  [33, 34] : (i) culture (sensitiv-

PML. The lesions are non - enhancing, hyperintense on 
T2 - weighted MRI, without mass effect. The subcortical 
 ‘ U ’  fi bres are characteristically involved. This diagnosis is 
strongly supported by positive CSF - PCR for JC virus 
DNA (sensitivity 72 – 100%; specifi city 92 – 100%) (Class 
I)  [25] . If the CSF - PCR is negative, it is recommended to 
repeat CSF - PCR once or twice. Brain biopsy remains the 
fi nal confi rmatory test, but a positive CSF - PCR offers 
acceptable evidence.  

  Treatment 
 In patients who are being treated with HAART, PML 
arrests or remits in approximately 50%, and survival is 
prolonged in these patients  [5, 26 – 28] . 

 Studies with cytarabine  [29]  and cidofovir  [30]  failed 
to show any benefi t.   

   CMV   e ncephalitis 
 Cytomegalovirus belongs to the family of herpes viruses. 
CMV infection is endemic; the majority of HIV - infected 
adults have serologic evidence of prior CMV infection. 
Clinical syndromes in immunosuppressed patients 
include retinitis, gastrointestinal ulcers, encephalitis, and 
polyradiculomyelitis. 

  Diagnosis 
 CMV encephalitis is suspected in an HIV - infected patient 
with (usually) a history of CMV disease (e.g. CMV reti-
nitis), a clinically progressive encephalopathy, and peri-
ventricular enhancement (ventriculitis) on imaging (CT/
MRI) studies. The diagnosis is strongly supported by: (i) 
positive CSF - PCR for CMV - DNA (sensitivity 62 – 100%; 
specifi city 89 – 100%) (Class I)  [31]  or (ii) positive CSF 
culture (Class I)  [31] , but in general CSF viral cultures 
are highly insensitive. 

 Brain biopsy is not a realistic option given the brain-
stem and periventricular localization of the encephalitis. 
CSF - PCR is the diagnostic test of choice.  

  Treatment 
 Induction treatment (for 3 weeks)  [32] : ganciclovir 5   mg/
kg i.v. twice daily (Class IV) or foscarnet 90   mg/kg i.v. 
twice daily (Class IV) or cidofovir 5   mg/kg i.v. every week; 
after two courses every 2 weeks (Class IV) or ganciclovir 
and foscarnet (dosages as above) (Class IV, Level C 
recommendation). 
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whole - brain irradiation and corticosteroids (Class III) 
 [42 – 44] ; (ii) intravenous methotrexate followed by whole 
brain radiation (Class III)  [45] ; and (iii) methotrexate, 
thiotepa, and procarbazine intravenously in combination 
with methotrexate intrathecally (Class III, Level B recom-
mendation;  [46] .   

   HIV   d ementia 
 HIV dementia is a syndrome of cognitive and motor 
dysfunction that has also been termed: AIDS dementia 
complex, HIV - associated cognitive - motor complex, 
HIV - associated dementia, and AIDS dementia. Its paedi-
atric counterpart is called progressive encephalopathy. 
The cognitive impairment is compatible with a subcorti-
cal dementia. Most patients with HIV dementia are 
severely immunosuppressed. 

  Diagnosis 
 The diagnosis is based on: (i) progressive cognitive 
impairment (with or without motor dysfunction); (ii) 
exclusion of CNS opportunistic infections and tumours 
(by CSF and CT/MRI)  [47, 48]  and is supported by: (1) 
high levels of HIV RNA in the CSF (above three log 
copies/ml) (Class III)  [49 – 51]  and (2) diffuse, bilateral 
(often symmetrical) non - enhancing white - matter hyper-
intensities on MRI (Class III)  [52] .  

  Treatment 
 Class III evidence for HAART  [53, 54]  leads to a Level B 
recommendation. Most nucleosides and non - nucleosides 
(e.g. nevirapine) penetrate relatively well into the CSF; 
most protease inhibitors do not (with the exception of 
indinavir). It seems reasonable to include at least two 
drugs in the regimen that penetrate well    [55] . The data 
are still limited. Most combinations have not been well 
studied in HIV dementia.   

   HIV   m yelopathy 
 Spinal cord disease is observed in various stages of HIV 
infection. The most common type is HIV myelopathy 
(also named HIV - related vacuolar myelopathy). HIV 
myelopathy is a progressive non - segmental spinal cord 
disease. The diagnosis is one of exclusion. 

  Diagnosis 
 The diagnosis is based on: (i) progressive myelopathy 
without sensory level; (ii) absence of focal lesion or mass 

ity 25 – 86%) (Class I); (ii) CSF smear (ZN) (sensitivity 
8 – 86%) (Class IV); or (iii) CSF - PCR (sensitivity 83 –
 100%; specifi city 88 – 100%) (Class II).  

  Treatment 
 Isoniazid 5   mg/kg/day, up to 300   mg/day, and rifampicin 
10   mg/kg/day, up to 600   mg/day, and pyrazinamide 15 –
 30   mg/kg/day (max 2.5   g/day), and ethambutol 15 – 25   mg/
kg/day, up to 1600   mg/day (Class III, Level A recommen-
dation;  [33, 34] . 

 Ethambutol can be substituted with streptomycin 
(15   mg/kg/day, up to 1   g/day i.m. or i.v.; max 2 months) 
or amikacin (15   mg/kg/day i.m. or i.v.). The role of ste-
roids in HIV - positive tuberculous meningitis is unclear. 
The minimum duration of treatment is 6 months. Isonia-
zid may lead to pyridoxine defi ciency and a sensorimotor 
distal polyneuropathy. Therefore pyridoxine 20   mg/day 
should be added to the regimen.   

  Primary  CNS   l ymphoma 
 Primary CNS lymphoma is a non - Hodgkin ’ s lymphoma 
that arises within and is confi ned to the nervous system. 
It is the second most frequent CNS mass lesion in adults 
with AIDS in Western countries. Primary CNS lym-
phoma is associated with Epstein – Barr virus (EBV) 
infection. The transforming potential of the virus plays a 
role in the pathogenesis of this tumour. With the intro-
duction of HAART the incidence has declined  [35, 36] . 

  Diagnosis 
 A defi nitive diagnosis is made by histological examina-
tion of brain tissue (obtained by brain biopsy or at 
autopsy). In an HIV - infected individual with a single or 
multiple contrast - enhancing brain lesion(s) on CT or 
MRI not responding to anti - toxoplasmic therapy, a pre-
sumptive diagnosis can be supported by: positive CSF 
EBV - PCR (sensitivity 83 – 100%, specifi city 93 – 100%) 
(Class II)  [37 – 40] . Cytological examination of the CSF 
rarely reveals pathological cells and its value, although 
not well studied, seems limited. Data on other potential 
CSF markers of primary CNS lymphoma are inconclu-
sive. SPECT/PET study results are inconclusive, and these 
investigations cannot be recommended.  

  Treatment 
 HAART improves neurological status and prolongs sur-
vival in patients with primary CNS lymphoma  [41] . 
Besides HAART three other treatment options exist: (i) 
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  Summary and  c onclusions 

 Despite the success of HAART, HIV - infected individuals 
are at risk for a variety of neurological complications. The 
risk for those complications increases with an increasing 
level of immunodefi ciency. Those patients with CD4 cell 
counts below 200        10 6 /ml are particularly at risk for 
opportunistic infections, lymphoma, and HIV dementia. 
Nucleic acid amplifi cation in the CSF by PCR has greatly 
improved the diagnostic accuracy in PML, CMV infec-
tions, primary CNS lymphoma, and HIV dementia. 
Besides HAART, specifi c treatment options are available 
for the majority of these complications. In general, the 
task force recommends rapidity in evaluating these 
patients to limit damage to the nervous system. 
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and encephalomyelitis. We then limited the search using 
the terms diagnosis, MR, PET, SPECT, EEG, cerebrospi-
nal fl uid, pathology, treatment, and antiviral therapy. 
Review articles and book chapters were also included if 
considered to provide comprehensive reviews of the 
topic. The fi nal choice of literature and the references 
included was based on our judgement of their relevance 
to this subject. Recommendations were reached by con-
sensus of all task force participants and were also based 
on our own awareness and clinical experience. Where 
there was lack of evidence but consensus was clear we 
have stated our opinion as Good Practice Points (GPP).  

  Defi nitions and  s cope 

 Encephalitis is the presence of an infl ammatory process 
in the brain parenchyma associated with clinical evidence 
of brain dysfunction. It can be due to a non - infective 
condition such as in acute disseminated encephalomyeli-
tis (ADEM) or to an infective process, which is diffuse 
and usually viral. Herpes simplex virus type 1 (HSV - 1), 
varicella zoster virus (VZV), Epstein - Barr virus (EBV), 
mumps, measles, and enteroviruses are responsible for 
most cases of viral encephalitis in immuno - competent 
individuals  [1] . This, however, is also based on the con-
tinent and on environmental factors. Thus, West Nile 
virus (WNV) has become an important cause of viral 
encephalitis in the USA  [6] . Other non - viral infective 
causes of encephalitis may include such diseases as tuber-
culosis, rickettsial disease and trypanosomiasis, and will 
be discussed in the differential diagnosis section. 
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   Introduction 

 Clinical involvement of the central nervous system (CNS) 
is an unusual manifestation of human viral infection. The 
spectrum of brain involvement and the outcome of the 
disease are dependent on the specifi c pathogen, the 
immunological state of the host, and environmental 
factors. Although specifi c therapy is limited to only 
several viral agents, correct diagnosis and supportive and 
symptomatic treatment (when no specifi c therapy is 
available) are mandatory to ensure the best prognosis 
(for reviews see    [1 – 7] ). This document addresses the 
optimal clinical approach to CNS infections caused by 
viruses. 

 Classifi cation of evidence levels used in these guide-
lines for therapeutic interventions and diagnostic mea-
sures was according to Brainin  et al .  [8]  and detailed in 
tables  25.1 – 25.4     

  Methods 

 We searched MEDLINE (National Library of Medicine) 
for relevant literature from 1966 to September 2009. The 
search included reports of research in humans only and 
in English. The search terms selected were: viral encepha-
litis, encephalitis, viral meningitis, meningoencephalitis, 
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  Table 25.1    Evidence classifi cation scheme for a therapeutic intervention. 

     Class I:     An adequately powered prospective, randomized, controlled clinical trial with masked outcome assessment in a representative 
population  or  an adequately powered systematic review of prospective randomized controlled clinical trials with masked outcome 
assessment in representative populations. The following are required  
  (a)     Randomization concealment  
  (b)     Primary outcome(s) is/are clearly defi ned  
  (c)     Exclusion/inclusion criteria are clearly defi ned  
  (d)     Adequate accounting for dropouts and crossovers with numbers suffi ciently low to have minimal potential for bias  
  (e)     Relevant baseline characteristics are presented and substantially equivalent among treatment groups or there is appropriate 

statistical adjustment for differences    
  Class II:     Prospective matched group cohort study in a representative population with masked outcome assessment that meets (a) – (e) 

above  or  a randomized, controlled trial in a representative population that lacks one criteria (a) – (e)  
  Class III:     All other controlled trials (including well - defi ned natural history controls or patients serving as own controls) in a representative 

population, where outcome assessment is independent of patient treatment  
  Class IV:     Evidence from uncontrolled studies, case series, case reports, or expert opinion     

  Table 25.2    Evidence classifi cation scheme for the rating of recommendations for a therapeutic intervention. 

     Level A     rating (established as effective, ineffective, or harmful) requires at least one convincing Class I study or at least two consistent, 
convincing Class II studies  

  Level B     rating (probably effective, ineffective, or harmful) requires at least one convincing Class II study or overwhelming Class III 
evidence  

  Level C     (possibly effective, ineffective, or harmful) rating requires at least two convincing Class III studies     

  Table 25.3    Evidence classifi cation scheme for a diagnostic measure. 

     Class I:     A prospective study in a broad spectrum of persons with the suspected condition, using a  ‘ gold standard ’  for case defi nition, 
where the test is applied in a blinded evaluation, and enabling the assessment of appropriate tests of diagnostic accuracy  

  Class II:     A prospective study of a narrow spectrum of persons with the suspected condition, or a well - designed retrospective study of a 
broad spectrum of persons with an established condition (by  ‘ gold standard ’ ) compared to a broad spectrum of controls, where test is 
applied in a blinded evaluation, and enabling the assessment of appropriate tests of diagnostic accuracy  

  Class III:     Evidence provided by a retrospective study where either persons with the established condition or controls are of a narrow 
spectrum, and where test is applied in a blinded evaluation  

  Class IV:     Any design where test is not applied in blinded evaluation  or  evidence provided by expert opinion alone or in descriptive case 
series (without controls)     

  Table 25.4    Evidence classifi cation scheme for the rating of recommendations for a diagnostic measure. 

     Level A     rating (established as useful/predictive or not useful/predictive) requires at least one convincing Class I study or at least two 
consistent, convincing Class II studies  

  Level B     rating (established as probably useful/predictive or not useful/predictive) requires at least one convincing Class II study or 
overwhelming Class III evidence  

  Level C     rating (established as possibly useful/ predictive or not useful/ predictive) requires at least two convincing Class III studies     
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polio and WNV. Occupation may well be important (as 
in a case of a forestry worker with Lyme disease). 
Contact with animals such as farm animals would some-
times point to the cause, as animals serve as reservoirs 
for certain viruses (e.g. West Nile fever during the 1999 
disease outbreak in New York). A history of insect or 
other animal bites can be relevant for arbovirus infec-
tion as well as rabies. Past contact with an individual 
affl icted by an infective condition is important. The 
medical status of the individual is of the utmost rele-
vance. Thus, certain viral and non - viral pathogens cause 
encephalitis only or much more frequently in immune -
 suppressed individuals. 

 The mode of disease course up to the appearance of 
the neurological signs may provide clues to the aetiology. 
For example, enterovirus infection has a typical biphasic 
course. An associated abnormality outside the nervous 
system (e.g. bleeding tendency in haemorrhagic fever) 
may also point to a specifi c pathogen. 

  General examination . Viral infection of the nervous 
system is almost always part of a generalized systemic 
infectious disease. Thus, other organs may be involved 
prior to or in association with the CNS manifestations 
and evidence should be obtained either from the history 
or during the examination. Skin rashes are not infre-
quent concomitants of viral infections, parotitis may 
be associated with mumps, gastrointestinal signs 
with enteroviral disease, and upper respiratory fi ndings 
may accompany infl uenza virus infection and HSV - 1 
encephalitis. 

  Neurological examination . The fi ndings relate to those 
of meningitis and disruption of brain parenchyma func-
tion. Thus, signs of meningeal irritation and somnolence 
suggest meningitis, while behavioural, cognitive, and 
focal neurological signs and seizures refl ect the disrup-
tion of brain function. Additional signs may include 
autonomic and hypothalamic disturbances, diabetes 
insipidus, and the syndrome of inappropriate antidi-
uretic hormone secretion. The symptoms and signs are 
not a reliable diagnostic instrument to identify the caus-
ative virus. Likewise, the evolution of the clinical signs 
and their severity depend on host and other factors such 
as immune state and age, and cannot serve as guidelines 
to identify the pathogen. In general, the very young and 
the very old have the most extensive and serious signs of 
encephalitis.  

 Encephalitis should be differentiated from encepha-
lopathy defi ned as a disruption of brain function that is 
not due to a direct structural or infl ammatory process. It 
is mediated via metabolic processes and can be caused by 
intoxications, drugs, systemic organ dysfunction (e. g. 
liver, pancreas), or systemic infection that spares the 
brain. 

 The structure of the nervous system dictates a degree 
of associated infl ammatory meningeal involvement in 
encephalitis, and therefore symptoms that refl ect menin-
gitis are invariable concomitants of encephalitis. More-
over, in textbooks and review articles, the term viral 
meningo - encephalitis is often used to denote a viral 
infectious process of both the brain/spinal cord and the 
meninges.  

  Clinical  m anifestations and 
 r elevant  e nvironmental and 
 p ersonal  i nformation 

 The diagnosis of viral encephalitis is suspected in the 
context of a febrile disease accompanied by headache, 
altered level of consciousness, and symptoms and signs 
of cerebral dysfunction. These may consist of abnormali-
ties that can be categorized into four types: cognitive 
dysfunction (acute memory, speech, and orientation dis-
turbances, etc.); behavioural changes (disorientation, 
hallucinations, psychosis, personality changes, agitation); 
focal neurological abnormalities (such as anomia, dys-
phasia, hemiparesis); and seizures. After the diagnosis is 
suspected, the approach should consist of obtaining a 
meticulous history and a careful general and neurological 
examination. 

  The history  is mandatory in the assessment of the 
patient with suspected viral encephalitis. It is very 
important to obtain the relevant information from an 
accompanying person (relative, friend, etc.) if the patient 
is in a confused, agitated, or disoriented state. The geo-
graphical location as well as the recent travel history 
could be of relevance in identifying possible causative 
pathogens that are endemic or prevalent in certain geo-
graphic regions (examples from recent outbreaks include 
acute respiratory syndrome, SARS, Nipah virus, or avian 
H5N1 infl uenza A infections). Likewise, seasonal occur-
rence can be important for other pathogens such as 
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can be found during days 2 – 14 from the beginning of the 
disease  [14] , but is non - specifi c. To detect this, EEG 
fi nding often requires serial recordings. In newborns it 
can be faster with a frequency of 2   Hz and may be other 
than temporal  [15] . 

 In  brainstem encephalitis  the EEG mainly refl ects the 
lowered consciousness and the abnormalities can be mild 
compared to the clinical state of the patient. In  cerebel-
litis  the EEG is mostly normal  [16] . 

 The EEG pattern in  HIV  infection of the brain is very 
variable  [10] . Likewise the fi ndings in  ADEM  are unspe-
cifi c  [17] . 

 The EEG in  subacute sclerosing panencephalitis 
(SSPE)  shows a typical generalized periodic pattern 
repeating with intervals between 4 and 15   s and synchro-
nized with myoclonus of the patient  [10]   

  Neuroimaging 
  Magnetic resonance imaging  (MRI) is more sensitive and 
specifi c than computed tomography (CT) and should be 
the treatment of choice for the evaluation of viral 
encephalitis.  [18 – 21]  Class III, Level C). MRI advantages 
include the use of non - ionizing radiation, multiplanar 
imaging capability, improved contrast of soft tissue, and 
high anatomical resolution. In practical terms, however, 
many patients who are suspected of having encepha-
litis often undergo CT scanning before neurological 
consultation. 

 A typical MRI protocol consists of routine T1 and T2 
spin - echo sequences and a FLAIR (fl uid - attenuation 
inversion recovery) sequence, which is considered 
extremely sensitive in detecting subtle changes in the 
early stages of an acute condition. Gradient - echo imaging, 
with its superior magnetic susceptibility, is also useful in 
detecting small areas of haemorrhage. 

 Additional imaging techniques that are available and 
that can increase sensitivity to small yet clinically relevant 
lesions, but are mainly used for research, may include 
 diffusion - weighted MRI , which distinguishes recent from 
old insult;  low magnetization transfer ratio , which refl ects 
myelin damage, cell destruction or changes in water 
content;  magnetic resonance spectroscopy , which identifi es 
and quantities concentration of various brain metabo-
lites; and  functional MRI . 

  Computed tomography  is recommended only as a 
screening examination or when MRI is unavailable  [18 –
 20]  (Class IV). 

  Diagnostic  i nvestigations 

  General 
 Peripheral blood count and cellular morphology are 
helpful in separating viral from non - viral infections. 
Lymphocytosis in the peripheral blood is common in 
viral encephalitis. The erythrocyte sedimentation rate 
(ESR) is another non - specifi c test that is usually within 
the normal range in non - disseminated viral infections, 
although a raised ESR might indicate the alternative pos-
sibilities of TB or malignancy  [9] , or that the viral infec-
tion may be widely disseminated. Other, general 
examinations such as chest X - ray and blood cultures 
belong to the general investigation of a patient with 
febrile disease. 

 The auxiliary studies that examine viral infections of 
the nervous system include studies that characterize the 
extent and nature of CNS involvement (electroencepha-
lography (EEG) and neuroimaging) and microbiological 
attempts to identify the pathogen.  

   EEG  
 EEG is generally regarded as a non - specifi c investigation, 
although it is still sometimes a useful tool in certain situ-
ations. Thus, leukoencephalitides show more diffuse slow 
activity in the EEG and polioencephalitides more rhyth-
mic slow activity  [10, 11] ). However, in practice this 
hardly helps in the differential diagnosis. Likewise, the 
EEG fi ndings in post - infectious encephalitides differ 
from infectious encephalitis only in the time schedule of 
the abnormalities. The main benefi t of EEG is to demon-
strate cerebral involvement during the early state of the 
disease. It is an indicator of cerebral involvement and 
usually shows a background abnormality prior to evi-
dence of parenchyma involvement on neuroimaging 
 [12] . Only in rare instances does the EEG show specifi c 
features that may give clues as to the diagnosis. Often, 
focal abnormalities may be observed. During the acute 
phase, the severity of EEG abnormalities has been shown 
to correlate with the prognosis  [13] : fast - improving EEG 
indicates a good prognosis and lack of improvement the 
opposite  [11]  (Class IV). The EEG abnormalities usually 
subside more slowly than the clinical symptoms  [10] . 

 The EEG is almost always abnormal in  herpes simplex 
encephalitis  (HSE). In addition to the background 
slowing, there is a temporary temporal focus showing 
periodic lateralized epileptiform discharges (PLEDs). It 
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solid or ring - enhancing lesions either in deep grey and 
white matter or less frequent in subcortical areas)  [30, 
31] . MRS may be able to distinguish between these dif-
ferent space - occupying lesions based on their chemical 
profi les and can serve to predict and monitor the effi cacy 
of antiretroviral therapy  [32] .  

  Varicella  z oster  v irus 
 CNS complications of VZV infection (usually due to 
reactivation of latent VZV in spinal and trigeminal 
ganglia) include myelitis, encephalitis, large -  and small -
 vessel arteritis, ventriculitis, and meningitis  [33] . Large -
 vessel arteritis presents with ischaemic/haemorrhagic 
infarctions and may be revealed by MRI/MRA  [34] .    

  Miscellaneous 
 In  polio  and  coxsackie  virus infections, T2 - weighted 
MRI may show hyperintensities in the midbrain and 
anterior horn of the spinal cord  [35] , in  EBV  infection in 
the basal ganglia and thalami  [36]  and in  Japanese 
encephalitis  in bilateral thalami, brainstem, and cerebel-
lum  [37] .  WNV  can be associated with enhancement of 
leptomeninges, the periventricular areas, or both, on MRI 
 [38]  as well as involvement of basal ganglia brain stem, 
thalamus and cerebellum  [39] .  

  Acute  d isseminated  e ncephalomyelitis 
 Initial CT scanning may show low - density, asymmetric 
lesions with mild mass effect and contrast enhancement 
multifocal punctate or ring - enhancing lesions. However, 
CT is normal in 40% of cases. MRI is more sensitive and 
an essential diagnostic tool. T2WI and FLAIR scans 
present multifocal, usually bilateral, but asymmetric and 
large hyperintense lesions, involving peripheral white 
and grey matter. They do not usually involve the calloso-
septal interface. Contrast - enhanced T1WI may show 
ring - enhancing lesions. Cranial nerves may enhance. 
DWI is variable. On MRS, NAA is transiently low and 
choline is normal.  [19, 21, 40]  

 MRI is also the most sensitive imaging tool for  PML  
 [41] . T2WI initially show multiple, bilateral, non -
 enhancing, oval or round subcortical white matter hyper-
intensities in the parieto - occipital area. Confl uent white 
matter disease with cavitary change is a late manifestation 
of PML. Less common imaging manifestations of PML 
are unilateral white matter and thalamic or basal ganglia 
lesions.  

  Single photon emission tomography  (SPECT) is more 
readily available than positron emission tomography 
(PET) and can provide information about brain chemis-
try, cerebral neurotransmitters, and brain function  [22] .  

  Imaging of  s pecifi c  d isorders 

  Herpes  s implex  e ncephalitis 
 CT obtained early is often normal or subtly abnormal. 
Low attenuation, mild mass effect in temporal lobes and 
insula, haemorrhage, and enhancement are late features. 
Follow - up scans 1 – 2 weeks after disease onset demon-
strate progressively more widespread abnormalities with 
the involvement of contra lateral temporal lobe, insula, 
and cingulate gyri. MRI is much more sensitive in detect-
ing early changes  [19, 20, 23]  (Class III, Level C). Involve-
ment of cingulate gyrus and contra lateral temporal lobe 
is highly suggestive of herpes encephalitis. Typical early 
fi ndings include gyral oedema on T1WI imaging and 
high signal intensity in the temporal lobe or cingulate 
gyrus on T2WI, FLAIR, and DWI, and later haemor-
rhage. Hypointense on T1, hyperintense on T2WI, 
FLAIR, high signal on DWI are additional fi ndings  [24, 
25] . The reinstitution of a normal spectrum over time on 
MRS could potentially be used as a marker of treatment 
effi cacy  [26, 27] . 

 Neonatal  HSV - 2 infection  often causes more wide-
spread signal abnormalities than HSV - 1 encephalitis, with 
periventricular white matter involvement and sparing 
of the medial temporal and inferior frontal lobes  [28] .  

   HIV  - 1 
 CT demonstrates normal/mild atrophy with white matter 
hypodensity. MRI usually shows atrophy and non -
 specifi c white matter changes. MRS detects early decreases 
in levels of N - Acetyl - aspartate (NAA) and increases in 
choline - containing phospholipids (Cho) levels, even 
before abnormalities are detected by MRI and prior to 
clinical symptoms  [29] . Neuroimaging is an important 
diagnostic tool for opportunistic infections: toxoplasmo-
sis (ring enhancing mass(es) in basal ganglia), cryptococ-
cosis (gelatinous  ‘ pseudocysts ’ ), meningoencephalitis, 
vasculitis, infarction, CMV - encephalitis (diffuse white 
matter hyperintensities), ventriculitis (ependymal 
enhancement), progressive multifocal leukoencephalop-
athy (PML, white matter hyperintensities which usually 
do not enhance), and lymphoma (solitary or multifocal 
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human amniotic epithelial cells, and human embryonic 
skin fi broblasts. Cells are evaluated daily for cytopathic 
effect and the fi ndings are confi rmed by a neutralizing or 
an immunofl uoresence antibody test. Viral cultures from 
CSF are positive in young children with enteroviral 
meningoencephalitis but only seldom, in less than 5 %, 
in other cases  [54, 55]  (Class III).  

  Nucleic  a cid  d etection 
 For nucleic acid detection, polymerase chain reaction 
(PCR) technology provides the most convenient test. 
Assays for HSV - 1, HSV - 2, VZV, human herpes viruses 
(HHV) 6 and 7, CMV, EBV, JCV of PML, Dengue virus, 
enteroviruses, and respiratory viruses, as well as HIV can 
be performed from CSF samples or brain tissue. The 
primers are selected from a conserved region of the viral 
genome and the PCR product is identifi ed by hybridiza-
tion with specifi c probes or by gel electrophoresis. Respi-
ratory viruses ’  nucleic acid can also be detected from 
throat samples and enterovirus nucleic acid from stool 
samples. These, however, cannot confi rm the aetiology of 
encephalitis. Detection of specifi c nucleic acid from the 
CSF is dependent on the timing of the CSF sample. The 
highest yield is obtained during the transient appearance 
of the virus in the CSF compartment during the fi rst 
week after symptom onset, much less in the second week 
and only occasionally after that  [47, 50]  (Class I). In HSE 
the sensitivity is 96% and the specifi city 99% when CSF 
is studied between 48   h and 10 days from symptoms onset 
 [47, 48] . The issue of whether or not to routinely repeat 
the CSF PCR in HSE after 14 days of anti - viral treatment 
has yet to be resolved. 

 Alternatively to the single PCR tests, the multiplex 
PCR technique is also available  [56 – 58]  as is the real time 
PCR  [59] . The usage of microarrays that enables to look 
for several microbes` nucleic acid simultaneously is cur-
rently expensive, but has the potential to become a useful 
diagnostic technique.  

  Serological  t ests 
 Antibodies to HSV - 1, HSV - 2, VZV, CMV, HHV - 6, HHV -
 7, CMV, EBV, RSV, HIV, adeno, infl uenza A and B, rota, 
coxsackie B5, non - typed entero, and parainfl uenza 1 
viruses are measured from serum and CSF by enzyme 
immunoassay (EIA) tests  [1, 49, 60 – 64]  (Class II). These 
tests are sensitive enough to detect even low amounts of 
CSF antibodies. Antibody levels in serum and CSF are 
compared at the same dilution of 1   :   200. If the ratio of 

  Rasmussen ’ s  e ncephalitis 
 Rasmussen ’ s encephalitis typically involves only one cere-
bral hemisphere, which becomes atrophic and so far its 
aetiology and pathogenesis are unknown. The earliest CT 
and MRI abnormalities include high signal on T2WI in 
cortex and white matter, cortical atrophy, usually of the 
fronto insular region, with mild or severe enlargement of 
the lateral ventricle, and moderate atrophy of the head of 
the caudate nucleus. Fluorodeoxyglucose PET has been 
reported to present hypometabolism; Tc - 99m hexameth-
ylpropyleamine oxime SPECT decreased perfusion and 
proton MRS reduction of NAA in the affected hemi-
sphere. However, PET and SPECT fi ndings are non -
 specifi c. MRI may become a valuable early diagnostic tool 
by demonstrating focal disease progression  [42, 43] .  

  Paraneoplastic  l imbic  e ncephalitis 
 In paraneoplastic limbic encephalitis MRI FLAIR and 
DWI depicted bilateral involvement of the medial tem-
poral lobes and multifocal involvement of the brain  [44] .   

  Virological  t ests in  e ncephalitis 

  General 
 The gold standard of diagnosis in encephalitis is virus 
isolation in cell culture, but this has now been replaced 
by the detection of specifi c nucleic acid from CSF or 
brain  [45 – 48]  (Class Ia). Intrathecal antibody production 
to a specifi c virus is similarly a strong evidence for aetiol-
ogy  [49, 50]  (Class Ib). Virus detection from throat, stool, 
urine, or blood, as well as systemic serological responses 
such as seroconversion or a specifi c IgM detection pro-
vides less strong evidence  [1, 51]  (Class III). The CSF is 
a convenient specimen and is recommended for neuro-
logical viral diagnosis in general  [52] . Brain biopsy is 
invasive and is now seldom used in routine clinical prac-
tice. However, in patients with rapidly deteriorating con-
ditions, it has a high diagnostic yield, particularly in 
HIV - infected patients, but also 65% in non - HIV - infected 
patients, including viral encephalitis in 14%  [53] . At 
autopsy, brain specimens can be obtained for virus isola-
tion, nucleic acid and antigen detection, as well as for 
immunohistochemistry and  in situ  hybridization.  

  Viral  c ulture 
 Viral cultures from CSF and brain tissue as well as from 
throat and stool specimens are performed in four differ-
ent cell lines: African green monkey cells, Vero cells, 
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ity may also include granulocytes; this is frequently 
seen in HSV encephalitis and CMV (peri)ventriculitis/
myeloradiculitis of HIV patients. 

 The histopathological basis of encephalitis is the triad 
of damage to the parenchyma, reactive gliosis, and infl am-
matory cellular infi ltration  [68] . This classical substrate 
is exemplifi ed by (multi)nodular encephalitis, as in the 
majority of viral encephalitides consisting of nerve cell 
damage, followed by nerve cell death and neuronophagia, 
focal/nodular proliferation of astro -  and microglia, and 
focal/nodular infi ltration by lymphocytes, eventually 
macrophages. Thus, the classical encephalitic nodules are 
composed of the mixture of microglia, astrocytes, and 
lymphocytes usually around affected neuron(s)  [68] . 

 Distribution and spread of these infl ammatory changes 
are important for aetiologic considerations: four types of 
meningoencephalitis may be distinguished, affecting the 
meninges, the grey matter, the white matter, or both, in 
a focal or a diffuse manner  [69] .  ‘ Aseptic ’  meningitis is 
most commonly due to enteroviruses, HSV - 2, mumps, 
HIV, LCM, arboviruses, measles, parainfl uenza, and ade-
noviruses  [69] . The encephalitic patterns include con-
tinuous polioencephalitis (e.g. in luetic general paresis) 
and patchy - nodular polioencephalitis (e.g. in poliomyeli-
tis, rabies, acute encephalitis by fl avi - , toga - , and entero-
viruses, HSV brainstem encephalitis), leukoencephalitis 
(e.g. in PML or HIV leukoencephalopathy), and panen-
cephalitis (e.g. in bacterial septicemia with microab-
scesses, in Whipple ’ s disease, SSPE, HIV encephalitis, and 
herpes viruses such as HSV, CMV, and VZV infection). 
In addition to the infl ammatory quality and characteris-
tic distribution of tissue lesions, cytological features such 
as inclusion bodies (intranuclear in HSV, VZV encepha-
litis, PML and SSPE, cytoplasmic Negri bodies in rabies) 
or cytomegalic cell change in CMV disease give impor-
tant diagnostic clues, especially when the involved cell 
type is considered: every viral infection of the nervous 
system usually features a fi ngerprint signature of selective 
vulnerability in the nervous system  [68] . However, 
immunosuppression and the effects of potent therapies 
have become notorious for being able to modify, blur, or 
even wipe out classical features of specifi c viral lesions. 
This has become particularly striking in the recent 
experience with highly active anti - retroviral therapy 
(HAART) of HIV infection: its effi ciency may result in 
deterioration by a paradoxical activation of an infl amma-
tory response, the immune reconstitution infl ammatory 
syndrome (IRIS). IRIS features brain infl ammation by 

antibody levels is   20, it indicates intrathecal antibody 
production provided that no other antibodies are 
present in the CSF, i.e. the blood – brain barrier (BBB) is 
not damaged  [51] . The presence of several antibodies in 
the CSF suggests BBB breakdown, while the presence of 
specifi c IgM in the CSF indicates CNS disease  [65] . The 
tests for measles, mumps, and rubella are only occasion-
ally needed in countries with effective vaccination pro-
grammes. Tests for arboviruses and zoonooses will 
be useful in endemic areas  [51, 66] . Oligoclonal bands 
in the CSF may usually suggest an infl ammatory 
aetiology  [67] .  

  Antigen  d etection 
 Antigens of HSV, VZV and RSV, infl uenza A and B, para-
infl uenza 1 and 3, and adenoviruses can be studied from 
throat specimens with a conventional immunofl uore-
cence (IF) test or with an EIA test and may provide a 
possible aetiology for encephalitis. In spite of promising 
initial results these tests are not helpful in diagnosis using 
CSF samples.  

  Conclusion 
 In a patient with suspected encephalitis, obtaining serum 
and CSF for virological tests is the core diagnostic proce-
dure of choice. Tests should include: PCR test for nucleic 
acid detection (from CSF) and serological tests for anti-
bodies (from CSF and serum). In undiagnosed severe 
cases, PCR should be repeated after 3 – 7 days, and sero-
logical tests repeated after 2 – 4 weeks to show possible 
seroconversion or diagnostic increase in antibody levels. 
In children, viral culture from throat and stool samples as 
well as antigen detection for herpes and respiratory 
viruses are recommended during the fi rst week. Viral 
culture from CSF is useful in children with suspected 
enteroviral or VZV disease if PCR tests are not available.   

  Histopathology 
 Encephalitis features a variety of histopathological 
changes in the brain, mainly depending on the type of 
infectious agent, the immunologic response by the host, 
and the stage of the infection. The aetiologic spectrum is 
strongly infl uenced by geography. Primary encephalitic 
processes may secondarily involve the meninges, with 
infl ammatory infi ltration resulting in usually mild CSF 
pleocytosis (lymphocytes with variable degree of activa-
tion, eventually plasmocytes). In encephalitis with a 
prominent necrotizing component, mixed CSF cellular-
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  Other  i nfective  c auses of 
 m eningoencephalitis and 
 d ifferential  d iagnosis 

 The clinical distinction between viral encephalitis and 
non - viral infective meningoencephalitis may be diffi cult, 
and is sometimes impossible. Epidemiological and 
demographic features, such as prevalent or emergent 
infections in the community, occupation, a history of 
travel, and animal contacts may provide helpful clues. In 
a non - epidemic setting, the most common cause of focal 
encephalopathic fi ndings is HSE; however, among cases 
with biopsy - proven HSE, there were no distinguishing 
clinical characteristics between HSV - positive and HSV -
 negative patients  [3] . 

  ADEM , an autoimmune disease, with evidence of cell -
 mediated immunity to the myelin basic protein as its 
pathogenic basis  [75] , is characterized by monophasic 
focal neurological signs and a rapidly progressive course 
usually with a history of febrile illness or immunization 
preceding the neurological syndrome by days or weeks. 
It may be distinguished from infective encephalitis by the 
younger age of the patient, prodromal history of vaccina-
tion or infection, absence of fever at the onset of symp-
toms, and the presence of multifocal neurological signs 
affecting optic nerves, brain, spinal cord, and peripheral 
nerve roots. The disturbances of consciousness range 
from stupor and confusion to coma. Patients have a mild 
fever, often with peripheral blood pleocytosis. CSF shows 
lymphocytic pleocytosis, with mildly raised protein, and 
may appear similar to the CSF in viral encephalitis. The 
clinical course of patients with Hashimoto ’ s encephalopa-
thy would fi t a less aggressive form of recurrent ADEM 
 [76, 77] . 

  CNS vasculitis  can be part of a systemic disease or be 
confi ned to the nervous system. Systemic symptoms, 
aseptic meningitis, and focal neurological defi cit may 
occasionally simulate viral encephalitis. This is seen in 
both systemic vasculitis and primary CNS angiitis. In 
systemic vasculitis affecting the CNS it is usually possible 
to make a diagnosis based on a combination of systemic 
and CSF serologic and immunological tests, and angio-
graphic appearances of CNS vasculitis. In isolated angiitis 
the diagnosis may be more challenging and may require 
brain and meningeal biopsy to secure the diagnosis. 

  Pseudomigraine with pleocytosis . Acute confusion, 
psychosis, and focal neurological defi cit (hemiplegia, 

predominantly CD8   lymphocytes  [70] , including a ful-
minant leukoencephalitis    [71]  or a particularly severe 
and intensely infl ammatory form of PML. IRIS may be 
responsive to steroid therapy  [72]  

 Alternatively to direct viral damage to CNS tissue, sec-
ondary involvement by infarctions may be due to viral 
infection of the CNS vasculature, as seen with VZV  [34]  
or Nipah virus  [73] .  

  The  r ole of  s pecial  t echniques: 
 i mmunocytochemistry, in  s itu 
 h ybridization,  PCR  
 It is in the fi eld of infections where the techniques of 
immunocytochemistry (ICC),  in situ  hybridization 
(ISH), and PCR have a profound impact on neuropatho-
logical diagnosis. When performed appropriately with 
adequate controls and tissue selection, they provide an 
aetiologic diagnosis with a high sensitivity and specifi city 
 [68, 74] . Nevertheless, there are caveats for situations in 
which they may not be diagnostic. 
   •      Production of the infectious agent may have  ‘ burnt out ’ , 
or its products may have become masked, resulting in 
negative ICC or ISH.  
   •      Tissue preservation might be unsuitable for ICC or 
ISH, or nucleic acid amplifi cation from paraffi n embed-
ded tissue may be blocked by yet unidentifi ed factors.  
   •      Since PCR and ISH are very sensitive techniques, posi-
tive results may refl ect presence of genomic information 
resulting from dormant or latent infection, and not nec-
essarily productive and pathogenic infection.    

 Therefore, prerequisites for the use of ICC, ISH, or 
PCR for diagnosis of infections include simultaneous use 
of known positive and negative control tissues identically 
processed as the material to be examined; availability of 
reagents (antibodies, probes, primers) with defi ned spec-
ifi cities; adequate testing of reagents on control tissues 
for optimal signal to noise ratio, and experience with 
immunocytochemical antigen retrieval techniques  [68] . 

 Viruses may exert damage to the nervous system 
not only by productive, but also by indirect means, the 
best example being the immune - mediated  ADEM  or 
 post - infectious/perivenous encephalitis , important for 
differential diagnosis from productive viral encephalo-
myelitis: multiple small demyelinated foci are arranged 
around small veins of the white matter, featuring cellular 
infi ltration composed by lymphocytes, macrophages and 
microglia  [68] .   
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unchanged in urine, renal impairment can precipitate 
acyclovir toxicity, and high - dose acyclovir in overweight 
or obese patients may precipitate renal failure. Rarely, 
acyclovir can induce a toxic encephalopathy and there-
fore it is important to establish an early diagnosis of HSE 
to avoid diagnostic confusion. 

 In an immunocompetent host with acute encepha-
lopathy, MRI evidence of temporal or frontobasal lobes 
involvement supports the diagnosis of HSE and such a 
patient must be treated with acyclovir for a minimum of 
14 days (Class IV). If acyclovir is started on admission 
and the MRI of brain is normal, then treatment should 
continue until CSF - PCR results become available; the 
treatment should be withdrawn in cases where this test is 
negative and an alternative diagnosis has been estab-
lished. If an alternative diagnosis has not been reached 
and the CFS - PCR is negative for HSV, then the current 
consensus is to continue acyclovir therapy for at least 10 
days (Class IV)  [9] . There has been only a single case 
report of HSE with normal cerebral MRI scan, where the 
diagnosis of HSE was made by PCR from a CSF sample 
obtained on the day of admission but a repeat CSF - PCR 
after 8 days of acyclovir therapy was negative  [84] . Recur-
rence of HSE has been reported weeks to 3 months later 
when the treatment was given for 10 days or less  [85] , 
and relapse after therapy may be as high as 5%, but 
relapse has not been documented when higher doses 
were administered for 21 days  [86] . Development of acy-
clovir resistance in HSE is a possibility following the 
report of acyclovir resistance in mucocutaneous herpes 
simplex among AIDS patients and isolation of acyclovir -
 resistant HSV as the cause of encephalitis in organ trans-
plant recipients and HIV patients. Foscarnet, which 
inhibits viral DNA polymerases by binding to the pyro-
phosphate binding site, is recommended in acyclovir -
 resistant HSE (60   mg/kg intravenously infused over 
1   h every 8 hours for 3 weeks). However, acyclovir -
 resistant HSE has not been reported in immuno-
competent patients and foscarnet should be used only in 
patients with clinically suspected HSE who continue to 
deteriorate despite acyclovir therapy with a reactive CSF, 
in whom alternative possibilities have been excluded. 
Foscarnet can also precipitate a dose - related, reversible 
renal impairment. 

 Acyclovir is effective against encephalitis due to VZV 
 [81] . VZV can cause both acute and subacute encephali-
tis. VZV was the most common alpha - herpesvirus 

hemianaesthesia, and aphasia) in association with 
migraine headache occur in familial hemiplegic migraine 
 [78] . Sterile CSF pleocytosis has been reported in 
migraine patients who may present similarly  [79] . It has 
been proposed that the pleocytosis in some of these cases 
is due to predisposition to viral meningitis  [80] . Pseudo-
migraine with pleocytosis and migraine coma are likely 
to represent reversible forms of ADEM  [77] .  

  Therapy 

  Anti -  v iral  t herapy 
 Acyclovir is the treatment of choice for HSE (Class IA). 
Monophosphorylation of acyclovir is the critical step in 
this process and is only catalysed by a viral thymidine 
kinase induced in cells selectively infected by HSV, VZV, 
or by a phosphotransferase produced by CMV. Host 
enzymes subsequently phosphorylate the monophos-
phate to di - and triphosphate. Acyclovir triphosphate 
inhibits the synthesis of viral DNA by competing with 
2   - deoxyguanosine triphosphate as a substrate for viral 
DNA polymerase. Viral DNA synthesis is arrested once 
acyclovir (rather than 2   - deoxyguanosine) is inserted into 
the replicating DNA. The incorporation of acyclovir into 
viral DNA is an irreversible process and it also inactivates 
viral DNA polymerase. Acyclovir is most effective when 
given early in the clinical course of HSE and reduces both 
mortality and morbidity  [3, 81, 82] . The standard dose 
for HSE is 10   mg/kg given as an intravenous infusion over 
1   h three times daily (30   mg/kg/day) for 14 days. The dose 
for neonatal HSE is 60   mg/kg/day. The duration of treat-
ment is 21 days for immunosuppressed patients. 

 Treatment with acyclovir for HSE should be com-
menced on clinical suspicion. Mortality rates in untreated 
HSE are around 70% and fewer than 3% would return to 
normal function. Early acyclovir therapy reduces mortal-
ity to 20 – 30%  [81, 83] . Among the acyclovir - treated 
patients in the NINAID - CASG trials, 26 of the 32 (81%) 
treated patients survived and serious neurological dis-
ability was seen in nearly half of the survivors. Older 
patients with poor level of consciousness (Glasgow Coma 
Scale of 6 or less) had the worst outcome. Young patients 
(30 years or less) with good neurological function at the 
time of initiating therapy did substantially better (100% 
survival, more than 60% had little or no sequel). Since 
more than 80% of acyclovir in circulation is excreted 
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rently proposed  [3]  that patients should be treated with 
intravenous acyclovir or ganciclovir.  

  Corticosteroids 
 Large doses of dexamethasone as an adjunct treatment 
for acute viral encephalitis are not considered to be 
effective and their use is controversial. Probably the best 
evidence for steroid therapy in this context is in VZV 
encephalitis. Primary VZV infection may cause severe 
encephalitis in immunocompetent children due to cere-
bral vasculitis  [34, 92] . Vasculitis following primary and 
secondary VZV infection is recognized as resulting in a 
chronic course in immunocompetent children and 
adults (granulomatous angiitis). HSE is occasionally 
complicated by severe, vasogenic cerebral oedema where 
high - dose steroids may have a role. Steroid pulse therapy 
with methylprednisolone has been observed to be bene-
fi cial in a small number of patients with acute viral 
encephalitis who had progressive disturbances of con-
sciousness, an important prognostic factor for outcome 
 [93] . The utility of adjunctive corticosteroid therapy in 
HSE is about to be evaluated in a multicentre, multina-
tional, randomized, double - blind, placebo - controlled 
trial  [94] . 

 Based on available data, combined acyclovir/steroid 
treatment may be advised in immunocompetent indi-
viduals with severe VZV encephalitis, and probably in 
other cases of acute viral encephalitis where progressive 
cerebral oedema documented by CT/MRI complicates 
the course of illness in the early phase (GPP). High - dose 
dexamethasone or pulse methylprednisolone are both 
suitable agents. The duration of steroid treatment should 
be short (between 3 and 5 days) in order to minimize 
adverse. 

 The effect of steroids on IRIS has been demonstrated 
in anecdotal reports  [72, 95] , and requires confi rmation 
in controlled trials. 

 Although no randomized controlled trials have been 
performed, treatment with high - dose steroids (intrave-
nous pulses of methylprednisolone) and/or plasma 
exchange is usually the recommended treatment in 
ADEM  [76]  (Class IV and GPP).  

  Surgical  i ntervention 
 Surgical decompression for acute viral encephalitis is 
indicated for impending herniation or increased intra-
cranial pressure refractory to medical management 

detected in CSF samples from patients with CNS symp-
toms in the Western Gotaland region of Sweden    [87] . 
Doses of acyclovir in VZV encephalitis are similar to 
HSE and the treatment should be continued for 3 weeks 
(Class IV). 

 Response of CMV encephalitis to antiviral drugs (gan-
ciclovir, foscarnet, and cidofovir) is less than satisfactory. 
Combination of ganciclovir (5   mg/kg intravenously twice 
daily) with foscarnet (60   mg/kg every 8   h or 90   mg/kg 
intravenously every 12   h) is advocated as induction 
therapy in CMV encephalitis (Class IV), followed by 
maintenance therapy with ganciclovir (5   mg/kg/day) or 
foscarnet (60 -  – 120   mg/kg/day)  [88] . The recommended 
duration of induction therapy is 3 weeks for immuno-
competent and 6 weeks for immunosuppressed patients 
(Class IV). The rationale for using combination treat-
ment in the induction phase is that monotherapy with 
ganciclovir or foscarnet alone failed to improve survival. 

 The present treatment recommendation for HHV - 6 
encephalitis is foscarnet (60   mg/kg every 8   h for both A 
and B variants). Ganciclovir (5   mg/kg every 12   h) is an 
alternative option only for B variant of HHV - 6 encepha-
litis  [89] . 

 There have been few successes with antiviral therapy 
for arboviral encephalitis. A study that evaluated high 
dose dexamethasone in JE   found the treatment to be of 
no benefi t  [90] . 

 Neurological complications, including encephalitis, 
have been widely reported in association with respiratory 
tract infection with seasonal infl uenza A or B viruses, and 
recently with novel infl uenza A (H1N1) virus. Antiviral 
therapy with oseltamivir (four patients) and rimantadine 
(three patients) were clinically effective in patients with 
suspected encephalitis due to H1N1 infection  [91] . 

 PML is commonly caused by JC virus and is regarded 
as an opportunistic infection of the CNS occurring in the 
setting of immunosuppression. There have been recent 
reports of subacutely evolving PML following treatment 
with rituximab, natalizumab, and efalizumab. Many anti-
viral drugs, including cytosine arabinoside, amantadine, 
ribavarin, interferon alpha, and vidarabine, have all been 
used in small case studies but none has shown a lasting 
impact. 

 No antiviral therapy is particularly effective in epizo-
otic or enzootic viral encephalitis; however, because of 
the high mortality rate associated with B virus (cercopi-
thecine herpes virus) encephalitis in humans, it is cur-
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tous encephalitis, and those with a contagious viral hem-
orrhagic fever.  

  Rehabilitation 
 Survivors of viral encephalitis and myelitis are a heterog-
enous group. The nature of the infective pathogen, vari-
ability in anatomic lesions, and time to treatment may all 
contribute to outcome. Longitudinally designed case 
studies reporting cognitive and psychosocial outcome of 
mainly following HSE were conducted prior to current 
era of early diagnosis and effective therapy. While there 
are anecdotal case reports    [97, 98]  there are too few 
studies on the outcome of rehabilitation following 
encephalitis    [99]  to allow any conclusions to be drawn.  

  Preventive  m easures 
 Currently vaccines are available against a limited number 
of viruses with a potential to cause encephalitis. Universal 
immunization is recommended against mumps, measles, 
rubella, and poliovirus. European travellers to specifi c 
geographic destinations (e.g. South East Asia) should 
receive advice regarding vaccination against rabies and 
Japanese encephalitis. Preventive measures against exotic 
forms of emerging paramyxovirus encephalitis (Nipah 
and Hendra viruses) are entirely environmental (sanita-
tion, vector control, and avoidance).      

(GPP). Such intervention has been shown to improve 
outcome in HSE in individual cases  [96] .  

  General  m easures 
 All cases of acute encephalitis must be hospitalized. Like 
other critically ill patients, cases with acute viral encepha-
litis should have access to an intensive care unit equipped 
with mechanical ventilators. Irrespective of the aetiology, 
supportive therapy for acute viral encephalitis is an 
important cornerstone of management  [2] . Seizures are 
controlled with intravenous anticonvulsants such as phe-
nytoin. Careful attention must be paid to the mainte-
nance of respiration, cardiac rhythm, fl uid balance, 
prevention of deep vein thrombosis and aspiration pneu-
monia, and medical management of raised intracranial 
pressure and secondary bacterial infections. Secondary 
neurological complications in the course of viral enceph-
alitis are common and include cerebral infarction, cere-
bral venous thrombosis, syndrome of inappropriate 
ADH secretion, aspiration pneumonia, upper gastroin-
testinal bleeding, urinary tract infections, and dissemi-
nated intravascular coagulopathy. 

 Isolation of patients with community - acquired acute 
infective encephalitis is not required. Consideration of 
isolation should be given for severely immunosuppressed 
patients, rabies encephalitis, patients with exanthema-

 Recommendations 

  Diagnostic  t ests 
 Viral encephalitis is still an evolving discipline in medicine. The emergence of new pathogens, the re - emergence of old pathogens, 
and the constant search for specifi c therapeutic measures, unavailable in most viral encephalitis cases, suggests that the following 
years will bring new developments in diagnosis and therapy. At present, adherence to a strict protocol of diagnostic investigations 
is recommended and includes the following. 

  Study    Findings    Level of recommendation    Class of evidence  

  LP    Cells  –  5 – 500 white blood cells, mainly lymphocytes; May be 
xanthochromic with red blood cells. Glucose  –  normal (rarely 
reduced). Protein  ! 50   mg/dl  

  A    II  

  Serology    CSF and Serum    B    II  
  PCR    Major aid in diagnosis (CSF). 

May be false negative in the fi rst 2 days of disease.  
  A    I  

  EEG    Early and sensitive. Non specifi c. May identify focal abnormalities    C    III  
  Imaging    MRI is usually more sensitive than CT, demonstrating high signal 

intensity lesion on T2 - weighted and FLAIR images.  
  B    II  

  Viral culture    Only rarely useful          
  Brain biopsy    Highly sensitive. Not used routinely    C    III  &  GPP  
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and other electronic databases. As in the fi rst guidelines, 
we produced individual chapters and guidelines based on 
aetiological conditions. Each chapter was assigned to two 
or more task force participants. Classifi cation of evidence 
and recommendation grading adhered to the EFNS stan-
dards  [8] . 

 Inclusion criteria were: controlled Class I or II trials 
(lower - class studies were evaluated in conditions in which 
no higher - level studies were available); trials including 
patients with probable or defi nite NP  [1]  or trigeminal 
neuralgia; chronic NP (  3 months); pain considered as 
the primary outcome (e.g. studies in which dysaesthesia 
was the primary outcome, as in chemotherapy - induced 
neuropathy were excluded); minimum sample of 10 
patients; treatment duration and follow - up specifi ed; 
treatment feasible in an outpatient setting; studies evalu-
ating currently used drugs or drugs under clinical phase -
 III development; full paper citations in English. 

 Exclusion criteria included duplicated patient series, 
conditions with no evidence of lesion in the somatosen-
sory system (e.g. CRPS I, fi bromyalgia, low back pain), 
studies using non - validated primary outcome measures, 
disease - modifying treatments (i.e. alphalipoic acid for 
diabetes) and pre - emptive treatments. 

 We extracted information regarding the effi cacy on 
pain, symptoms/signs, quality of life, sleep and mood and 
side effects (see supplemental web material).  

  Results 

 Our search stragegy identifi ed 64 RCTs since January 
2005 using placebo or active drugs as comparators and 
three subgroup or post hoc analyses of prior RCTs. 
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   Background and  o bjectives 

 Neuropathic pain (NP) may be caused by a lesion or a 
disease of the somatosensory system  [1]  and is estimated 
to affl ict as high as 7 – 8 % of the general population in 
Europe  [2, 3] . The management of NP is challenging 
because the response to most drugs remains unpredict-
able  [4]  despite attempts to develop a more rationale 
therapeutic approach  [5, 6] . In 2006, the European Fed-
eration of Neurological Societies (EFNS) produced the 
fi rst guidelines on pharmacological treatment of NP  [7] . 
Since 2006, new randomized controlled trials (RCTs) 
have appeared in various NP conditions, justifying an 
update. 

 The objectives of our revised task force were: (a) to 
examine all the RCTs performed in various NP condi-
tions since 2005; (b) to propose recommendations aiming 
at helping clinicians in their treatment choice for most 
NP conditions; (c) to propose studies that may clarify 
unresolved issues.  

  Methods 

 We conducted an initial search of the Cochrane Library 
from 2005. Whenever the Cochrane search failed to iden-
tify top - level study for a given NP condition or a poten-
tially effective drug, we expanded the search to MEDLINE 
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(table  26.1 )  [7, 22 – 29] . One reason for this variability 
could be a large placebo effect  [30] .    

  Opioids 
 Oxycodone, tramadol  [31, 32] , and tramadol/
acetaminophen combination  [33]  reduce pain in dia-
betic PPN. Side effects include mainly nausea and 
constipation, but long - term use of opioids may be asso-
ciated with misuse (2.6% in a recent 3 - year registry 
study of oxycodone in mainly diabetic NP, although 
higher rates were also reported)  [4, 34] . Tramadol 
should be used with caution in elderly patients because 
of risk of confusion and is not recommended with drugs 
acting on serotonin reuptake such as SSRIs  [7, 32] . The 
tramadol/acetaminophen combination appears better 
tolerated  [33] .  

  Others 
 Recent studies reported effi cacy of botulinum toxin type 
A  [35] , nitrate derivatives  [36, 37] , and a new nicotinic 
agonist  [38] . Of the other drugs trialled in PPN, one 
reported a positive outcome (levodopa), another showed 
discrepant results (NMDA antagonists), while the rest 
had limited or no effi cacy (table  26.1 )  [10, 39] .  

  Combination 
 Three Class I studies found a superiority of the 
gabapentin - opioids (morphine, oxycodone) and 
gapapentin - nortriptyline combinations compared to 
each drug alone in patients with diabetic PN, including 
PHN in two studies  [20, 40, 41] , while a small study sug-
gested superiority of the gabapentin - venlafaxine combi-
nation compared with gabapentin and placebo  [7] .  

   HIV   n europathy 
 Most initial trials of HIV neuropathy were negative (table 
 26.1 )  [7, 42] . Only lamotrigine was moderately effective 
in patients receiving antiretroviral treatment  [43] . Recent 
RCTs found effi cacy of smoked cannabis (1 – 8 % tetrahy-
drocannabinol for 5 days) on pain intensity but not 
mood or functioning  [44, 45] . A one - off application of 
high - concentration (8%) capsaicin patch applied to the 
feet for 30, 60 or 90   min was superior to low concentra-
tion (0.04%) in the 30 -  and 90 - min group from weeks 2 
to 12 without detectable changes in sensory thresholds 
 [46] . However, another study reported in a systematic 
review  [47]  was negative on the primary outcome.     

  Painful  p olyneuropathy 
 Painful polyneuropathy (PPN) is a common NP condi-
tion. Diabetic and non - diabetic PPN are similar in symp-
tomatology and with respect to treatment response, with 
the exception of HIV - induced neuropathy. 

  Antidepressants 
 The effi cacy of tricyclic antidepressants (TCAs) is largely 
established in PPN (notably diabetic), although mainly 
based on single - centre Vlass I or II trials  [7, 9, 10] . Three 
RCTs reported the effi cacy of venlafaxine ER in PPN, 
although this seems lower than imipramine on respond-
ers and quality of life in a comparative trial  [7, 11] . Side 
effects are mainly gastrointestinal, but elevated blood 
pressure and clinically signifi cant electrocardiogram 
(ECG) changes were reported in 5% of patients. The 
effi cacy of duloxetine is established by three large - scale 
trials in diabetic PPN  [12] , with similar effi cacy to that 
of gabapentin/pregabalin based on one industry - funded 
meta - analysis  [13] , although direct comparisons are 
lacking; the effect is reported to persist for 1 year  [14] . 
Frequent adverse events are nausea, somnolence, dry 
mouth, constipation, diarrhoea, hyperhidrosis and dizzi-
ness; discontinuation rates are 15 – 20 %  [15, 16] . Dulox-
etine induces no/little cardiovascular side effects but rare 
cases of hepatotoxicity have been reported  [15] . Selective 
serotonin reuptake inhibitors (SSRIs) or mianserin 
provide little or no pain relief  [7, 17] .  

  Antiepileptics 
 Gabapentin and pregabalin are effective in diabetic PPN 
 [18, 19] , with dose - dependent effects for pregabalin 
(several negative studies for 150   mg/day, mainly positive 
studies for 300 – 600   mg/day)  [19]  and similar effi cacy 
between gabapentin and the TCA nortriptyline in a 
recent Class I study  [20] . Side effects include dizziness, 
somnolence, peripheral oedema, weight gain, aesthenia, 
headache, and dry mouth. In a recent comparative trial, 
only two side effects differentiated gabapentin and nor-
triptyline: dry mouth (more frequent with nortriptyline) 
and concentration disorders (more frequent with gabap-
entin)  [20] . Discontinuation rates for pregabalin range 
from 0 (150   mg/day) to 20% (600   mg/day)  [19, 21] . All 
the other trialled antiepileptics show variable and some-
times discrepant results. Smaller Class III trials (carbam-
azepine) suggest effi cacy  [7] , while larger placebo - 
controlled studies usually show no or limited benefi t 
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  Table 26.1    Classifi cation of evidence for drug treatments in commonly studied  NP  conditions and recommendations for use   a   . 

   Aetiology     Level A rating 
for effi cacy  

   Level B rating 
for effi cacy  

   Level C rating 
for effi cacy  

   Level A/B rating 
for ineffi cacy or 
discrepant 
results  

   Recommendations 
for fi rst line  

   Recommendations 
for second or 
third line  

  Diabetic NP  1      Duloxetine 
 Gabapentin -

 morphine 
 TCA 
 Gapabentin 
 Nicotine 

agonist *  *  
 Nitrate 

derivatives *  *  
 Oxycodone 
 Pregabalin 
 TCA  2   
 Tramadol alone 

or with 
acetaminophen 

 Venlafaxine ER  

  Botulinum toxin *  
 Dextrometorphan 
 Gabapentin -  

venlafaxine *  
 Levodopa *   

  Carbamazepine 
 Phenytoine  

  Capsaicin cream 
 Lacosamide 
 Lamotrigine 
 Memantine 
 Mexiletine 
 Mianserin 
 NK1 

antagonist *  *  
 Oxcarbazepine 
 SSRI 
 Topical clonidine 
 Topiramate 
 Valproate 
 Zonisamide  

  Duloxetine 
 Gabapentin 
 Pregabalin 
 TCA 
 Venlafaxine ER  

  Opioids 
 Tramadol  3    

  PHN    Capsaicin 8% 
patch *  *  

 Gabapentin 
 Gabapentin ER *  *  
 Lidocaine plasters 
 Opioids 

(morphine, 
oxycodone, 
methadone) 

 Pregabalin 
 TCA  2    

  Capsaicin cream 
 Valproate *   

      Benzydamide 
topical 

 Dextrometorphan 
 Fluphenazine 
 Memantine 
 Lorazepam 
 Mexiletine 
 COX - 2 

inhibitor *  *  
 Tramadol  

  Gapapentin 
 Pregabalin 
 TCA 
 Lidocaine plasters  4    

  Capsaicin 
 Opioids  

  Classical 
trigeminal 
neuralgia  

  Carbamazepine    Oxcarbazepine    Baclofen *  
 Lamotrigine *  
 Pimozide *  
 Tizanidine *   

      Carbamazepine 
 Oxcarbazepine  

  Surgery  

  Central 
pain  5    

  Cannabinoids 
 (oro - mucosal *  * , 

oral) (MS) 
 Pregabalin (SCI)  

  Lamotrigine 
(CPSP) 

 TCA (SCI, CPSP) 
 Tramadol (SCI) *  

Opioids  

      Carbamazepine 
 Gabapentin 
 Lamotrigine (SCI) 
 Levetiracetam 
 Mexiletine 
 S - ketamine iont. 
 Valproate  

  Gapabentin 
 Pregabalin 
 TCA  

  Cannabinoids (MS) 
 Lamotrigine 
 Opioids 
 Tramadol (SCI)  

    a Treatments are presented in alphabetical order. Only drugs used at repeated dosages are shown here (with the exception of treatments 
with long - lasting effects such as capsaicin patches). Drugs marked with an asterisk were found effective in single Class II or III studies 
and are generally not recommended. Drugs marked with two asterisks are not yet available for use.  
   1 Diabetic neuropathy was the most studied. Only TCAs, tramadol and venlafaxine were studied in non - diabetic neuropathies.  
   2 Amitriptyline, clomipramine (diabetic neuropathy), nortriptyline, desipramine, imipramine.  
   3 Tramadol may be considered fi rst line in patients with acute exacerbations of pain, especially for the tramadol/acetaminophen combination.  
   4 Lidocaine is recommended in elderly patients.  
   5 Cannabinoids (positive effects in MS) and lamotrigine (positive effects in CPSP but negative results in MS and SCI except in patients 
with incomplete lesion and brush - induced allodynia in one study based on post - hoc analysis) are proposed for refractory cases.  
  Abbreviations: iont.: iontophoresis; CPSP: central poststroke pain; ER: extended release; MS: multiple sclerosis; PHN: postherpetic 
neuralgia; SCI: spinal cord injury; TCA: tricyclic antidepressants.   
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the therapeutic gain is modest against placebo and the 
level of evidence is lower than for systemic agents  [7, 53] . 
The largest recent trial including patients with or without 
allodynia (with enriched - enrolment design) was negative 
on the primary outcome (time - to - exit), but the groups 
were not balanced at baseline and many patients with-
drew prematurely from the study  [54] . In an enriched -
 design open - label trial, lidocaine plaster was better 
tolerated than pregabalin  [55] . Lidocaine plasters are safe 
due to their low systemic absorption and well tolerated 
with local adverse effects only (mild skin reactions) 
 [54 – 56] . 

 RCTs have reported benefi t from topical capsaicin 
0.075%  [7]  but due to the burning effect of capsaicin, 
blinding was probably compromised. An one - off applica-
tion of high - concentration (8%) capsaicin patch applied 
to the skin for 60   min was more effective than a low -
 concentration patch (0.04%) during 12 weeks  [57] . 
Although a post hoc analysis suggests that blinding was 
successful, patient randomised to the high - concentration 
patch required more rescue medication immediately after 
application. Adverse effects were primarily due to local 
capsaicin - related reactions at the application site (pain, 
erythema). Effi cacy of capsaicin patches was demon-
strated in two other studies reported in a systematic 
review  [47] .  

  Others 
 NMDA antagonists, lorazepam and a selective Cox2 
inhibitor do not provide pain relief in PHN (table  26.1 ) 
 [7, 58] .     

  Postherpetic  n euralgia 
 Postherpetic neuralgia (PHN) is a common aftermath of 
herpes zoster in the elderly. 

  Antidepressants 
 Systematic reviews concur that TCAs are effective in PHN 
 [9, 49]  with superiority over SSRI  [7, 50] . No studies were 
found on the effi cacy of SNRIs.  

  Antiepileptics 
 Gabapentin and pregabalin have established effi cacy in 
PHN with no difference shown between gabapentin and 
nortriptyline in a further comparative study  [20, 49]  An 
extended - release formulation of gabapentin was more 
effective than placebo  [51] . Good effi cacy was reported 
with divalproex sodium in a small RCT but only results 
from completers were reported  [52] .  

  Opioids 
 Oxycodone, morphine, and methadone are effective in 
PHN  [49]  and have similar or slightly better effi cacy 
compared to TCAs in one comparative trial but are asso-
ciated with more frequent discontinuation due to side 
effects  [7, 49] . Tramadol was negative on the primary 
outcome in one Class I trial  [7] .  

  Topical  a gents 
 Lidocaine plasters (5%) are effective based on fi ve Class 
I or II RCTs in PHN with brush - induced allodynia, but 

 Recommendation 
    We recommend TCAs, gabapentin, pregabalin, and 
serotonin - norepinephrine reuptake inhibitors (SNRIs) 
(duloxetine, venlafaxine) as fi rst - line treatment in PPN (Level 
A). Tramadol (Level A) is recommended second line, except 
for patients with exacerbations of pain (for the tramadol –
 acetaminophen combination) or those with predominant 
coexisting non - neuropathic pain (in view of its largely 
established effi cacy in nociceptive pain). Third - line therapy 
includes strong opioids because of concerns regarding their 
long - term safety, including addiction potential and misuse, 
which warrants further RCTs  [4, 48] . Treatments with drug 
with no or equivocal effect are listed in table  26.1 . In 
HIV - associated polyneuropathy, only lamotrigine (in patients 
receiving antiretroviral treatment), smoking cannabis and 
capsaicin patches were found moderately useful (Level A).  

 Recommendation 
    We recommend TCAs or gabapentin/pregabalin as fi rst - line 
treatment in PHN (Level A). Topical lidocaine (Level A, less 
consistent results), with its excellent tolerability, may be 
considered fi rst line in the elderly, especially if there are 
concerns regarding the central nervous system (CNS) side 
effects of oral medications. In such cases a trial of 2 – 4 
weeks before starting other therapy is justifi ed  [54] . Strong 
opioids (Level A) and capsaicin cream are recommended as 
second choice (see  ‘ Painful polyneuropathy ’  section 1). 
Capsaicin patches are promising (Level A) but the long - term 
effects of repeated applications particularly on sensation are 
not clarifi ed.  
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  Antidepressants 
 The benefi cial effects of TCAs was suggested in CPSP but 
one large - scale study was negative in SCI pain probably 
because of low doses and lack of specifi c evaluation of 
NP  [7, 66] . A recent RCT in SCI pain showed that high -
 dose amitriptyline (150   mg/day) relieved pain more than 
diphenhydramine and gabapentin (3600   mg) in depressed 
patients  [67] . Despite its limitations (small study, high 
dose of amitriptyline) it suggests that TCAs can justifi -
ably be considered for SCI patients particularly those 
with depression. No RCT has evaluated the effi cacy of 
SNRIs in CP.  

  Antiepileptics 
 The effi cacy of pregabalin was demonstrated in a 
multicentre study of traumatic SCI pain  [68]  and 
confi rmed in various CP conditions in a single - centre 
study  [20, 69] . Discrepant results were reported with 
gabapentin and lamotrigine  [7, 43, 67, 70] . Negative 
results were obtained with other antiepileptics (table 
 26.1 )  [7, 71] .  

  Opioids 
 Evidence for effi cacy of opioids in CP is based on 
only one study comparing high and low doses of 
levorphanol in which patients with peripheral or 
central NP participated  [72] . A recent RCT showed 
benefi cial effect of tramadol on pain intensity but 
not pain affect, but many side effects were observed 
and caused attrition in 43% of cases (17% for the 
placebo)  [73] .  

  Cannabinoids 
 Cannabinoids (tetrahydrocannabinol, oromucosal sprays 
2.7   mg delta - 9 - tetrahydrocannabinol/2.5   mg cannabi-
diol) were effective in MS - associated pain in two Class 
I trials  [7] . Adverse events (dizziness, dry mouth, 
sedation, fatigue, gastrointestinal effects, oral discom-
fort) were reported by 90% of patients in long - term 
extension study (up to 3 years) but no tolerance was 
observed  [74] .  

  Others 
 Negative results were obtained with low - dose mexiletine 
in SCI pain and S - ketamine iontophoretic transdermal in 
CP  [7, 75] .     

  Trigeminal  n euralgia 
 Trigeminal neuralgia (TN) typically presents with very 
brief attacks of pain (electric shocks) and is divided into 
 ‘ classic ’ , when secondary to vascular compression of the 
trigeminal nerve in the cerebellopontine angle or when 
no cause is found, or  ‘ symptomatic ’ , when secondary in 
particular to cerebellopontine - angle masses or multiple 
sclerosis  [59] . 

  Carbamazepine,  o xcarbazepine 
 Carbamazepine is the drug of choice in TN but its 
effi cacy may be compromised by poor tolerability 
and pharmacokinetic interactions. Two Class II RCTs 
found similar effects of oxcarbazepine compared to 
carbamazepine on the number of attacks and global 
assessment  [60, 61] .  

  Others 
 Several drugs (i.e. lamotrigine, baclofen) have been 
reported effi cacious in TN based on small single trials 
each  [61, 62]  (table  26.1 ), but a Cochrane review  [63]  
concludes that there is insuffi cient evidence to recom-
mend them in TN. Small open - label studies also sug-
gested therapeutic benefi t from botulinum toxin A and 
some antiepileptics  [62 – 65]  (table  26.1 ).  

  Symptomatic  TN  
 There are only small open - label Class IV studies in symp-
tomatic TN associated with multiple sclerosis  [62] .     

 Recommendation 
    In agreement with previous guidelines  [7, 61, 62] , 
carbamazepine (Level A) and oxcarbazepine (Level B) are 
confi rmed fi rst line for classical TN. Oxcarbazepine may be 
preferred because of decreased potential for drug 
interactions. Patients with intolerable side effects may be 
prescribed lamotrigine (Level C) but should also be 
considered for a surgical intervention. We deplore the 
persistent lack of RCTs in symptomatic TN.  

  Central  n europathic  p ain 
 The most frequent central neuropathic pain (CP) states 
are caused by stroke (central post - stroke pain, CPSP), 
spinal cord injury (SCI), or multiple sclerosis (MS). 
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  Other  NP   c onditions 
 The level of evidence for drugs in other NP conditions is 
reported in table  26.2 .   

  Cancer  NP  
 There is Level A evidence for the effi cacy of gabapentin 
(one study), Level B for TCAs and tramadol and ineffi -
cacy of valproate  [7, 76, 77] .  

 Recommendation 
    We recommend pregabalin (Level A), amitriptyline (Level B, 
Level A in other NP conditions) or gabapentin (Level A in 
other NP conditions) as fi rst line in CP (table  26.1 ). Tramadol 
(Level B) may be considered second line. Strong opioids 
(Level B) are recommended second or third line if chronic 
treatment is not an issue. Lamotrigine may be considered in 
CPSP or SCI pain with incomplete cord lesion and 
brush - induced allodynia (Level B) and cannabinoids in MS 
(Level A) only if all other treatments fail.  

  Table 26.2    Classifi cation of evidence for drug treatments in less commonly studied  NP  conditions   a   . 

   Aetiology of NP     Level A rating for effi cacy     Level B rating for effi cacy     Level A/ B rating for ineffi cacy/
poor effi cacy or discrepant results  

  HIV neuropathy    Capsaicin 8% patch 
 Smoked cannabis  

  Lamotrigine    Amitriptyline 
 Capsaicin cream 
 Gabapentin 
 Lidocaine plasters 
 Memantine  

  Post - traumatic or 
 post - surgical NP  

      Amitriptyline *  
 Botulinum toxin - A *   

  Cannabinoids 
 Capsaicin 
 Gabapentin 
 Levetiracetam 
 Propranolol 
 Venlafaxine ER  

  Chronic radiculo - pathy       Morphine * 
 Nortriptyline *  
 Nortriptyline - morphine *  
 Pregabalin 
 Topiramate  

  Cancer NP    Gabapentin    Amitriptyline *  
 Tramadol *   

  Valproate  

  Phantom pain    Morphine 
 Tramadol  

      Amitriptyline 
 Gabapentin 
 Memantine 
 Mexiletine  

  Multi - aetiology NP    Bupropion 
 Cannabinoids (oromucosal, 

synthetic analog) 
 Levorphanol  

  Methadone 
 TCA (nortriptyline, 

clomipramine)  

  Amitriptyline/ketamine topical 
 CCK2 antagonists 
 Dextrometorphan 
 Dihydrocodeine 
 Gabapentin  1   
 Venlafaxine ER  1   
 Lidocaine plasters 
 Lamotrigine 
 Lidocaine plasters 
 Mexiletine  1   
 Nabilone 
 Riluzole  

    a Treatments are presented in alphabetical order. Drugs marked with an asterisk were found effective in single Class II studies.  
   1 These drugs were found effective in some spontaneous NP symptoms (gabapentin) or only on brush - induced or static mechanical 
allodynia (mexiletine, venlafaxine) in single trials.   
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sistent effects were observed with pregabalin and gabap-
entin on sleep quality  [40, 98]  and poor results were 
reported with pregabalin on QoL or mood in six trials. 
Three trials reported the effi cacy TCA on QoL  [40, 99, 
102] . Opioids and tramadol improve pain impact on 
sleep but have discrepant effects on QoL  [99] , cannabi-
noids alleviate QoL or sleep  [44, 45, 87]  but these drugs 
generally do not improve mood  [32, 72, 73, 76, 87] .  

  Final  r ecommendations and  i ssues for 
 f uture  t rials 
 The present revised EFNS guidelines confi rm TCAs (25 –
 150   mg/day), gabapentin (1200 – 3600   mg/day), and pre-
gabalin (150 – 600   mg/day) as fi rst line for various NP 
conditions (except for trigeminal neuralgia) and lido-
caine plasters (up to three plasters/day) fi rst line in PHN 
particularly in the elderly. We now are able to recom-
mend SNRIs (duloxetine 60 – 120   mg/day, venlafaxine 
150 – 225   mg/day) fi rst line in painful polyneuropathies 
based on their more established effi cacy. TCAs raise 
safety issues at high doses and in the elderly, they are not 
more effective than gabapentin based on one compara-
tive trial  [20] , but they are less costly  [99] . Pregabalin 
has pharmacokinetic advantages compared with gabap-
entin (bid dosing, dose - dependent effi cacy) but similar 
effi cacy and tolerability based on meta - analyses. Second 
line treatments include tramadol (200 – 400   mg/day), 
except in select conditions, and capsaicin cream in PHN. 
Strong opioids are recommended as second/third line 
despite established effi cacy in neuropathic non - cancer 
pain due to potential risk for abuse on long - term use, as 
there are still too few long - term safety trials in neuro-
pathic pain  [48] . Capsaicin patches are promising for 
painful neuropathies or PHN (Level A). Cannabinoids 
(Level A in MS and peripheral NP) are proposed for 
refractory cases. Combination therapy (Level A for gaba-
pentin combined with opioids or TCAs) is recom-
mended for patients who show partial response to drugs 
administered alone. 

 To date, the choice between these different treatments 
is mainly on their ratio effi cacy/safety and on the patient ’ s 
clinical condition (e.g. comorbidities, contraindications, 
concomitant treatments). However, in a recent study 
investigating more than 2000 patients with neuropathic 
pain due to diabetic neuropathy and postherpetic neu-
ralgia, Baron and colleagues found that patients with 
these conditions could be subgrouped according to 
specifi c sensory profi les  [103] . A classifi cation per sensory 

  Traumatic  NP  
 Gabapentin was reported to be ineffective on the primary 
outcome in a large multicentre trial but improved several 
secondary outcomes and may be benefi cial in a subgroup 
of patients (Level A), although predictors of the response 
need to be identifi ed  [78] ; antidepressants have Level B 
evidence, good results were reported for botulinum toxin 
A and discrepant or negative results were obtained with 
other drugs  [79, 80] .  

  Radiculopathy 
 Pregabalin (Level A), TCAs, and opioids, and their com-
bination (Level B) are ineffective or slightly effective (the 
combination TCAs – opioids was effective on maximal 
pain only in one study)  [81 – 83] .  

  Phantom  p ain 
 Effi cacy of tramadol and morphine was reported (Level 
A), while gabapentin induced discrepant results  [84, 85] .  

  Multi -  a etiology  NP  
 Results in multi - aetiology NP are positive mainly for 
TCAs, opioids and cannabinoids  [7, 86 – 92] .   

  Effects on  p ain  s ymptoms and  s igns 
and  p redictors of the  r esponse 
 RCTs increasingly assess symptoms and signs  [60]  and 
suggest that drugs (gabapentin, oxycodone, topical lido-
caine, cannabinoids) have differential effects on the 
quality of NP (i.e. burning, deep)  [7, 93, 94]  and that 
some may alleviate brush - induced and/or static mechan-
ical allodynia based on single trials (TCA, pregabalin, 
cannabinoids, topical lidocaine, venlafaxine, NMDA 
antagonists but not lamotrigine)  [7, 50, 87, 88, 95] . 
Although predictors of response to some drugs (e.g. 
opioids, lidocaine plasters) were identifi ed in post hoc 
analyses  [79, 96, 97] , no RCT has yet been designed to 
detect predictive factors of the response based on baseline 
phenotypic profi le (Level C).  

  Effects on  q uality of  l ife,  s leep, 
and  m ood 
 Quality of life (QoL), sleep, and mood are frequently 
impaired in patients with NP  [98, 99] . Generally the 
effects on pain are related to improvement of QoL  [100]  
(see, however,  [75] ). Benefi cial effects of duloxetine, pre-
gabalin, and gabapentin were reported on these outcomes 
in Class I trials  [7, 40, 99, 101] . However, the most con-
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profi les rather than based merely on aetiology could con-
tribute to minimize pathophysiological heterogeneity 
within study groups and increase the positive treatment 
responses  [104, 105] . 

 We propose the following strategy for future trials. 
  1     Effi cacy should be based on standardized endpoints 
 [60] ; in establishing such effi cacy, symptoms/signs and 
QoL in addition to overall pain should be identifi ed.  
  2     Identifi cation of responder profi les based on a 
detailed characterization of symptoms and signs using 
sensory examination and specifi c pain questionnaires 
should contribute to more successful neuropathic pain 
management.  
  3     Identical criteria for assessing harmful events should 
be obtained.  
  4     Large - scale comparative trials of drugs should be 
conducted.  
  5     More large - scale trials are needed to determine the 
value of combination therapy.     
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relapses: (1) can improve the speed of recovery; (2) can 
infl uence long - term recovery; (3) can infl uence subse-
quent disease activity; (4) has signifi cant side effects. Fur-
thermore, the task force sought to provide guidelines on 
whether all relapses should be treated and how relapses 
during pregnancy should be managed.  

  Search  s trategy 

 We searched literature databases (EMBASE and PubMed), 
in English, for papers using the search terms  ‘ multiple 
sclerosis ’ ,  ‘ attack ’ ,  ‘ relapse ’ ,  ‘ exacerbation ’ , and  ‘ treatment ’  
in November 2004 and November 2009. The Cochrane 
Library and the reference lists of individual papers were 
searched for studies not identifi ed in the EMBASE and 
PubMed searches. Studies of various treatments for 
patients suffering from relapses of MS were considered 
for the guidelines and were rated as Class I to Class IV 
studies according to the recommendations for EFNS sci-
entifi c task forces  [9] .  

  Method for  r eaching  c onsensus 

 The results of the literature searches were circulated by 
email to the task force members for comments. The task 
force chairman prepared a fi rst draft of the manuscript 
based on the results of the literature review and com-
ments from the task force members. The draft and the 
recommendations were discussed during telephone con-
ferences until consensus was reached within the task 
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   Background 

 Attacks or relapses are the dominating feature of relaps-
ing – remitting multiple sclerosis (MS), but are also 
observed in patients with secondary progressive MS with 
superimposed relapses. Even patients with primary pro-
gressive MS may experience relapses, becoming progres-
sive - relapsing MS  [1, 2] . In the McDonald criteria for the 
diagnosis of MS, a relapse is defi ned as  ‘ an episode of 
neurological disturbance of the kind seen in MS, when 
the clinicopathological studies have established that the 
causative lesions are infl ammatory and demyelinating in 
nature ’   [3, 4] . An attack should last for at least 24   h. and, 
according to the McDonald criteria, there should be 
expert opinion that the event is not a pseudoattack as 
might be caused by an increase in body temperature or 
infection. Although the majority of relapses improve to 
some extent, incomplete recovery is an important deter-
minant of irreversible, or at least long - lasting, neurologi-
cal impairment in relapsing – remitting MS  [5, 6] . 

 Glucocorticoid treatment is recommended as the fi rst -
 line treatment of MS relapses in North American guide-
lines and in the recommendations of a European MS 
therapy consensus group  [7, 8] . The aim of the European 
Federation of Neurological Societies (EFNS) task force 
was to review the current literature on relapse treatment. 
Key issues addressed are whether treatment of MS 
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force. Recommendations were rated from A to C accord-
ing to the EFNS guidelines for scientifi c task forces  [9] . 
Where there was insuffi cient evidence to support fi rm 
recommendations the term  ‘ Good Practice Point ’  (GPP) 
was used.  

  Results 

  Effect of  g lucocorticoid and 
 a drenocorticotrophic  h ormone ( ACTH ) 
 t reatment on  MS   r elapses 
 Glucocorticoid or ACTH treatment of MS relapses was 
analysed in a Cochrane review that included results from 
six randomized, placebo - controlled clinical trials of 
either ACTH (two trials), intravenous (i.v.) methylpred-
nisolone treatment (three trials) or oral methylpredniso-
lone treatment (one trial)  [10 – 15] . All trials reported a 
benefi t in terms of rate of recovery compared to placebo 
 [16] . A similar conclusion was reached in another meta -
 analysis, which used less stringent criteria for study inclu-
sion than the Cochrane review  [17] . 

 Three trials have compared the effi cacy of i.v. methyl-
prednisolone and ACTH treatment in MS relapses  [18 –
 20] . One study including 14 patients treated with i.v. 
methylprednisolone (1   g daily for 7 days) and 11 patients 
treated with intramuscular (IM) ACTH (80 units, 60 
units, 40 units, and 20 units daily, each for 1 week) 
reported more rapid improvement (after 3 and 28 days) 
after i.v. methylprednisolone than after ACTH treatment, 
but there was no signifi cant difference after 3 months 
 [19] . However, the patient blinding and the primary 
outcome were not clearly defi ned, for which reason this 
study should be considered a Class III study. One Class 
II study compared the administration of 1   g of methyl-
prednisolone once daily for 3 days to ACTH treatment 
(80 units for 7 days, 40 units for 4 days and 20 units for 
3 days) in 61 patients, and found no difference in terms 
of rate of recovery or fi nal outcome after 12 weeks  [20] . 
A Class III study including 60 patients, treated with either 
i.v. methylprednisolone (20   mg/kg day 1 – 3, 10   mg/kg day 
4 – 7, 5   mg/kg day 8 – 10, and 1   mg/kg day 11 – 15) or ACTH 
(1   mg i.v. daily for 15 days), also found no difference in 
the effi cacy of ACTH and methylprednisolone treatment 
 [18] . The studies found no major differences in adverse 
events between methylprednisolone and ACTH treat-
ment. Thus there is no evidence of any major difference 

in the effi cacy of ACTH and methylprednisolone treat-
ment from comparative studies, but the clinical trials 
were too small to rule out some difference in effi cacy. 
Indeed, in the Cochrane review it was suggested that 
methylprednisolone treatment could still confer greater 
benefi t than treatment with ACTH, and the administra-
tion of methylprednisolone is simpler than the more 
prolonged ACTH treatment regimen  [16] . 

 In a separate meta - analysis of three double - blind, ran-
domized, placebo - controlled trials  [21] , it was concluded 
that treatment with i.v. methylprednisolone (15   mg/kg 
day 1 – 3, 10   mg/kg day 4 – 6, 5   mg/kg day 7 – 9, 2.5   mg/kg 
day 10 – 12, 1   mg/kg day 13 – 15 followed by oral predni-
sone tapered slowly over 120 days  [10] ), i.v. methylpred-
nisolone without a tapering dose (500   mg once daily for 
5 days  [13] ), or oral methylprednisolone (500   mg once 
daily for 5 days followed by 400, 300, 200, 100, 64, 48, 32, 
16, 8, and 8   mg once daily the subsequent 10 days  [15] ) 
resulted in signifi cantly faster recovery than did treat-
ment with placebo (table  27.1 ). The fi rst two trials pro-
vided follow - up data in a placebo - controlled design for 
15 days  [10]  and 28 days  [13] . The oral methylpredniso-
lone study found signifi cant differences between the 
methylprednisolone and the placebo group after 8 weeks 
and a trend to better improvement in the methylpred-
nisolone group after 1 year  [15] . In the latter trial there 
was no evidence that the 1 - year risk of subsequent 
relapses was infl uenced by oral high - dose methylpred-
nisolone treatment.    

  Specifi c  g lucocorticoids,  d ose, and 
 r oute of  a dministration 
 The clinical trials of glucocorticoid treatment in relapses 
of MS have mainly assessed the effect of methylpredniso-
lone treatment. Two trials have compared the effect of 
methylprednisolone treatment given i.v. or orally. One 
Class III study compared the effect of methylprednisolone 
(500   mg once daily for 5 days) given orally or i.v. in 35 
patients with an MS relapse, and found no signifi cant dif-
ference in recovery between the two treatment arms after 
5 and 28 days  [22] . Another study (Class I) compared the 
effect of oral methylprednisolone (48   mg daily for 7 days, 
24   mg daily for 7 days, and 12   mg daily for 7 days) to treat-
ment with i.v. methylprednisolone (1   g daily for 3 days) 
 [23] . In this study, recovery from the relapse was similar 
in the 38 patients in the i.v. treatment group and the 42 
patients in the oral treatment group at all time points for 
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  Table 27.1    Summary of three randomized, placebo - controlled trials comparing methylprednisolone ( MP ) treatment to placebo in 
patients with relapses of  MS    (Durelli  et al .  [10] ; Milligan  et al .  [12] ; Sellebjerg  et al .  [15] )  . Data are changes in Kurtzke  EDSS  scores from 
baseline (mean and standard deviation in brackets) or differences (mean and 95% confi dence intervals in brackets) between  MP  and 
placebo reported in a meta - analysis   (Miller  et al .  [21] )  . 

   Study and treatment     Change from baseline     Difference (MP vs placebo)  

   Day 5 – 7   
  Durelli, placebo ( n         8)    0 (0)      
  i.v. methylprednisolone ( n         12)      1.00 (0.6)      1.00 (  1.45 to   0.55)  
  Milligan, placebo ( n         9)      0.28 (0.51)      
  i.v. methylprednisolone ( n         13)      1.46 (1.38)      1.18 (  2.19 to   0.17)  
  Sellebjerg, placebo ( n         25)      0.06 (0.44)      
  Oral methylprednisolone ( n         26)      0.58 (0.82)      0.52 (  0.89 to   0.14)  
  Pooled difference:          0.76 (standard error 0.14)  

   Day 21 – 28   
  Durelli, placebo ( n         8)      0.38 (0.52)      
  i.v. methylprednisolone ( n         12)      2.04 (1.48)      1.67 (  2.82 to   0.51)  
  Milligan, placebo ( n         8)      0.25 (1.22)      
  i.v. methylprednisolone ( n         13)      2.04 (1.51)      1.79 (  3.11 to   0.46)  
  Sellebjerg, placebo ( n         25)      0.38 (0.81)      
  Oral methylprednisolone ( n         26)      0.94 (0.90)      0.56 (  1.04 to   0.08)  
  Pooled difference:          0.85 (standard error 0.21)  

up to 24 weeks of follow - up. The relapse rate the follow-
ing 2 years was also similar in the oral and i.v. treatment 
group  [24] . A Class III study comparing the effect of i.v. 
and oral methylprednisolone (1000   mg daily for 5 days) in 
40 patients found comparable effect of the two treatment 
regimens on magnetic resonance imaging (MRI) out-
comes  [25] . A recent Cochrane review concluded that oral 
and i.v. treatment are both effi cacious with respect to 
clinical outcomes (relapse recovery and subsequent 
relapse activity), radiological outcomes, and bioavailabil-
ity measures, but that there is still insuffi cient evidence to 
prove equivalence of oral and i.v. treatment  [26] . 

 Oral tapering doses of glucocorticoids are commonly 
used, but no randomized controlled studies have yet 
compared the outcome of a relapse in patients treated 
with tapering doses of glucocorticoids or placebo follow-
ing short - term, high - dose methylprednisolone treat-
ment. However, a recent Class III study found no 
difference in recovery rate in 152 patients treated with 
high - dose methylprednisolone followed by an oral pred-
nisone taper and 112 patients treated with high - dose 
methylprednisolone only  [27] . 

 Three studies have compared i.v. methylprednisolone 
treatment given in different doses. One Class III study 

found that recovery was faster after treatment with i.v. 
methylprednisolone (1   g once daily for 5 days) than after 
a single 1   g dose of i.v. methylprednisolone  [28] . Two 
other studies (both Class III) have compared the effect of 
different doses of i.v. methylprednisolone in relapses of 
MS on a panel of different outcome measures. In the fi rst 
study, treatment with i.v. methylprednisolone at a dose 
of 500   mg once daily for 5 days was compared to treat-
ment with 2000   mg once daily for 5 days in 31 patients 
with a relapse of MS  [29] . There was no difference in the 
effi cacy of the low dose and the high dose of methylpred-
nisolone in terms of clinical recovery or short - term sup-
pression of MRI disease activity, but it was suggested that 
the high dose resulted in more pronounced suppression 
of MRI disease activity after 1 and 2 months. In the 
second study, i.v. methylprednisolone at a dose of 1   g or 
2   g once daily for 5 days was compared in 24 patients who 
were followed up with clinical and neurophysiologic 
studies for 21 days after randomization to one of the two 
treatment arms  [30] . This study showed no signifi cant 
differences between the two methylprednisolone doses 
on the majority of diverse outcome measures, but a few 
favoured the higher dose over the lower dose. Two studies 
have compared the effect of treatment with different 
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doses of methylprednisolone and dexamethasone in 
relapses of MS  [31, 32] . Due to the small sample sizes and 
differences in the baseline characteristics of the patients 
randomized to the different treatment arms, the results 
of these two studies are diffi cult to interpret.  

  Glucocorticoid  t reatment of  a cute 
 o ptic  n euritis 
 In the North American Optic Neuritis Treatment Trial 
(ONTT), 457 patients were randomized to receive treat-
ment with i.v. methylprednisolone (250   mg four times 
daily for 3 days followed by oral prednisone, 1   mg/kg for 
11 days, 20   mg on day 15, and 10   mg on days 16 and 18), 
oral prednisone (1   mg/kg for 14 days, 20   mg on day 15, 
and 10   mg on days 16 and 18), or oral placebo  [33] . Treat-
ment allocation was not blinded in patients randomized 
to treatment with i.v. methylprednisolone, while predni-
sone treatment and placebo was given in a double - blind 
design. Thus, the study was a Class II study investigating 
the effi cacy of methylprednisolone treatment, but a Class 
I study in the comparison of oral prednisone and placebo. 
The study found no signifi cant effect of i.v. methylpred-
nisolone or oral prednisone treatment on the recovery of 
visual acuity, but the recovery of contrast sensitivity and 
visual fi elds was signifi cantly faster in patients treated 
with i.v. methylprednisolone. After 6 months, patients 
treated with i.v. methylprednisolone had still recovered 
slightly better than patients treated with placebo, but no 
signifi cant treatment effect was seen at follow - up after 1 
year  [34] . Oral prednisone treatment had no effect on the 
recovery from acute optic neuritis in either the ONTT or 
a Danish Class I study of oral prednisolone versus placebo 
in 128 patients with acute optic neuritis ( [33] , J.L. 
Frederiksen, personal communication). Treatment with 
oral methylprednisolone (100   mg, 80   mg, 60   mg, 40   mg, 
30   mg, 20   mg, 10   mg, and 5   mg daily for 3 days each) was 
not better than treatment with oral thiamine (100   mg 
daily for 24 days) on any of several outcome measures in 
a Class II study including 38 patients with acute optic 
neuritis  [35] . 

 Two additional studies (Class I) have compared the 
effect of treatment with high - dose methylprednisolone in 
acute optic neuritis. One study included 60 patients with 
acute optic neuritis who were treated with oral high - dose 
methylprednisolone (500   mg once daily for 5 days fol-
lowed by 400, 300, 200, 100, 64, 48, 32, 16, 8, and 8   mg 
once daily the subsequent 10 days) or oral placebo  [36] . 

Oral methylprednisolone treatment resulted in signifi -
cantly better recovery of spatial visual function (visual 
acuity and contrast sensitivity), colour vision function, 
and visual symptoms after 1 week, but only borderline 
signifi cant effects were observed after 3 weeks, and after 
8 weeks there was no evidence of an effect of oral meth-
ylprednisolone treatment  [36] . In a study of 66 patients 
with acute optic neuritis treatment with i.v. methylpred-
nisolone (1   g once daily for 3 days) did not improve the 
outcome from acute optic neuritis after 26 weeks on 
either a panel of visual function and neurophysiologic 
variables or on MRI outcome measures  [37] . 

 A controversial fi nding in the ONTT was that patients 
treated with i.v. methylprednisolone appeared to have a 
lower risk of developing MS during 2 years of follow - up 
than patients treated with placebo. This was not statisti-
cally signifi cant in the original trial report  [33] , but 
reached a signifi cance level of  p         0.03 (not corrected for 
multiple comparisons) in a post hoc analysis where the 
baseline status of many patients had been reclassifi ed  [38, 
39] . It was also suggested that oral prednisone treatment 
was associated with an increased risk of recurrent optic 
neuritis, but not an increased risk of subsequently devel-
oping MS  [33, 38] . As there was no blinding to methyl-
prednisolone treatment, and as the effect of treatment on 
MS risk was only observed after reanalysis and reclassifi -
cation of the initial data, this part of the ONTT must be 
regarded as a Class III study. Another Class III study (a 
retrospective natural history study) has suggested that i.v. 
methylprednisolone treatment (1   g once daily for 3 days) 
could actually increase the risk of subsequently develop-
ing MS  [40] . In the latter study, a surprisingly low risk of 
conversion to MS was, however, observed in the control 
group of untreated patients and patients treated with oral 
prednisone.  

  Glucocorticoid  t reatment in 
 MS   s ubgroups 
 Whether subgroups of patients with MS relapses may 
benefi t more from glucocorticoid treatment has been 
addressed in only a few studies. It has been suggested that 
patients with more severe relapses are more likely to 
respond to treatment with i.v. methylprednisolone (Class 
IV evidence)  [41] . Another uncontrolled (Class IV) study 
suggested that patients with high cerebrospinal fl uid 
(CSF) concentrations of myelin basic protein (MBP) are 
more likely to improve after i.v. methylprednisolone 
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treatment  [42] . This fi nding was confi rmed using 1 - week 
follow - up data in a post hoc analysis of patients included 
in two randomized, placebo - controlled trials of oral 
high - dose methylprednisolone treatment  [43] . However, 
the additional benefi t of methylprednisolone treatment 
in patients with high CSF concentrations of MBP was not 
sustained at follow - up after 8 weeks, while patients who 
had an active gadolinium - enhanced MRI at baseline 
appeared to benefi t from treatment even at follow - up 
after 8 weeks (Class III evidence)  [43] .  

  Side  e ffects of  g lucocorticoid 
 t reatment 
 In the placebo - controlled trials serious adverse events 
were not observed after high - dose methylprednisolone 
treatment  [10, 13, 15] . Milligan  et al.  did not report the 
precise frequency of adverse events, but noted that treat-
ment was surprisingly free from serious adverse events 
 [13] . Those most frequently reported were a slight red-
dening of the face, transient ankle swelling, and a metal-
lic taste in the mouth during infusion. In the Cochrane 
review it was concluded that the oral administration of 
methylprednisolone is associated with a higher fre-
quency of side effects (mainly gastrointestinal and 
psychic disorders), and that oral administration should 
be avoided for this reason  [16] . In the study of Durelli  et 
al.  the incidence of elevated mood and insomnia 
increased during the study from two out of 11 patients 
(18%) treated with intravenous high - dose methylpred-
nisolone at day 5 to fi ve out of 11 patients (45%) at day 
15  [10] . In the study of oral high - dose treatment with an 
oral tapering dose and a total treatment duration of 15 
days, disturbed sleep was observed in 65% and slight 
mood changes in 23%  [15] , which is not signifi cantly 
different from the frequency observed by Durelli and 
coworkers. Durelli and coworkers (1986) did not report 
gastrointestinal side effects, but all patients received pro-
phylactic antacid treatment. In the study of oral high -
 dose methylprednisolone treatment, gastrointestinal side 
effects (mainly heartburn not requiring symptomatic 
treatment) were observed in 38% of patients treated 
with oral methylprednisolone and 8% in the placebo 
group  [15] . The randomized comparisons of i.v. and 
oral treatment with methylprednisolone at equivalent 
doses found that the side effects of oral and i.v. methyl-
prednisolone treatment were similar  [22, 25] . This is 
supported by the results of a smaller, non - randomized 

Class III study comparing treatment with i.v. methyl-
prednisolone and oral prednisone at equivalent doses, 
which also failed to detect any difference in the side 
effects of oral and i.v. treatment  [44] . 

 In a review of 240 patients, who had been treated with 
one or more courses of i.v. methylprednisolone (1   g daily 
for 5 days followed by 10 days of oral prednisone treat-
ment), minor infections were observed in four patients; 
one patient had a single seizure within 12   h of treatment, 
11 patients were noted to have glucosuria during treat-
ment, fi ve had gastrointestinal symptoms that required 
antacid or H2 antagonist treatment, three patients had an 
exacerbation of acne, ankle oedema was recorded in two 
patients, and one patient was hypertensive during treat-
ment. A feeling of wellbeing was common (frequency not 
given), and four patients had episodes of euphoria, 
whereas two patients were depressive. Transient facial 
fl ushing, a transient disturbance of taste, distal paraesthe-
sia, insomnia, and mild weight gain occurred in a signifi -
cant proportion of patients, but the exact frequency was 
not stated  [45] . 

 Severe side effects of methylprednisolone treatment 
are rare, but psychosis, acute pancreatitis, and anaphylac-
toid reactions to i.v. treatment have been reported  [46 –
 49] . Short - term methylprednisolone treatment in 
patients with MS appears to be safe in terms of long - term 
effects on bone mineralization, but pulsed methylpred-
nisolone treatment has short - term effects on bone 
metabolism  [50] , and a recent study indicates that the 
risk of avascular bone necrosis after methylprednisolone 
treatment may not be negligible  [51] .  

  Other  t reatments 
 A single Class I crossover study of 22 patients with severe 
relapses of infl ammatory demyelination (including 12 
with MS) who were refractory to treatment with high -
 dose methylprednisolone suggested a benefi cial effect of 
treatment with plasma exchange  [52] . In this study there 
was  ‘ moderate ’  or  ‘ marked ’  improvement during plasma 
exchange treatment in eight out of 19 patients (42%), 
whereas such improvement was observed only after one 
out of 17 courses (6%) of sham treatment ( p         0.01). 
Open (Class IV) studies have also reported an effect of 
plasma exchange in patients with acute optic neuritis 
who had not improved after high - dose i.v. methylpred-
nisolone treatment  [53, 54] . One study found that an 
effect of plasma exchange that was sustained after 6 
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months was more likely when treatment was initiated 
early and in patients who had shown improvement 
already at hospital discharge  [55] . 

 Intravenous immunoglobulin (IVIg) treatment is 
widely used in a variety of neurological diseases. A single 
Class IV study of intravenous IVIg treatment in relapses 
of MS suggested that as many as 68% of patients improved 
within 24   h of treatment  [56] . Two studies have investi-
gated if IVIg treatment as add - on to therapy with high -
 dose i.v. methylprednisolone is superior to add - on 
placebo treatment  [57, 58] . Both studies were negative on 
primary and secondary end - points. 

 A phase III study of IVIg treatment reported marked 
improvement in 23 patients with severe visual impair-
ment after methylprednisolone treatment of optic neuri-
tis, whereas there was no improvement in a control group 
comprising 24 patients treated with methylprednisolone 
only  [59] . However, in this study spontaneous recovery 
in the control group was surprisingly poor, and a ran-
domized Class I trial of treatment with IVIg or placebo 
in 68 patients with acute optic neuritis failed to detect 
any treatment effect  [60] . 

 Whereas treatment with natalizumab lowers the fre-
quency of relapses in MS, natalizumab was not effi ca-
cious in the treatment of relapses in a randomized, 
placebo - controlled Class I study of 180 patients with an 
MS relapse  [61] . 

 A single Class II study compared the effect of 
multidisciplinary rehabilitation with the effect of  ‘ stan-
dard therapy ’  in a randomized clinical trial design, 
where both treatment arms received i.v. methylpred-
nisolone treatment. The study suggested that a mul-
tidisciplinary team rehabilitation programme results 
in better functional recovery after 3 months than does 
treatment with i.v. methylprednisolone in a  ‘ standard ’  
setting  [62] .  

  Treatment of  r elapses 
 d uring  p regnancy 
 There are no specifi c studies on relapse treatment in 
pregnant patients with MS, but short - term treatment 
with glucocorticoids is generally considered safe in 
pregnant women, and treatment may be considered 
in patients with a relapse of suffi cient severity to 
warrant treatment, although treatment during the 
fi rst trimester should probably be avoided (Class IV evi-
dence  [63] ).   

 There is no evidence of major differences in the effi -
cacy of methylprednisolone treatment given i.v. or orally 
in terms of clinical effi cacy or side effects, but prolonged 
oral treatment may possibly be associated with a higher 
prevalence of side effects. Furthermore, due to the low 
number of patients included in the available clinical 
trials, some effi cacy differences between the i.v. and oral 
route of administration cannot be excluded. The optimal 
dosage, the specifi c glucocorticoid to use, and whether to 
use a taper after initial pulse therapy, has not been ade-
quately addressed in randomized controlled trials. This 
implies a need for new randomized studies assessing risk/
benefi t ratios and adverse effects of specifi c glucocorti-
coids, dose, and route of administration for treatment of 
MS relapses. 

 There is insuffi cient data to clearly defi ne patient sub-
groups who are more likely to respond to methylpred-
nisolone treatment, but treatment may be more 
effi cacious in patients with clinical, MRI, or CSF evidence 
indicating higher disease activity (Level C recommenda-
tion). Home versus outpatient administration of i.v. ste-
roids was evaluated in one clinical trial  [64] , and in one 
large French survey of home - based treatment of MS 
relapses with i.v. methylprednisolone  [65] . The results of 
both studies indicate that treatment with i.v. steroids can 
be effectively and safely administered at home. Consider-
ation may, however, sometimes be given to administering 
the fi rst course of methylprednisolone as an inpatient 
(GPP). 

 In patients who fail to respond to therapy with meth-
ylprednisolone in the dose range used in the randomized, 
placebo - controlled trials  [10, 11, 13, 15] , treatment with 
higher doses (up to 2   g daily for 5 days) should be con-
sidered (Level C recommendation  [8] ). 

 Recommendations 
    There is consistent evidence from several Class I studies and 
meta - analyses for a benefi cial effect of glucocorticoid 
treatment in relapses of MS. Hence, treatment with 
intravenous or oral methylprednisolone in a dose of at least 
500   mg daily for 5 days should be considered for treatment 
of relapses (Level A). Treatment with i.v. methylprednisolone 
(1   g once daily for 3 days with an oral tapering dose) may be 
considered for treatment of acute optic neuritis (Level B). 
Treatment with i.v. methylprednisolone (1   g once daily for 
3 days) should be considered as an alternative treatment 
(GPP;  [8] ).  
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 There is insuffi cient data to support the use of IVIg 
therapy as monotherapy for relapses of MS. Treatment 
with IVIg as an add - on to treatment of MS relapses with 
methylprednisolone or as monotherapy for acute optic 
neuritis is not effi cacious (Level A recommendation). 
Neither is natalizumab as monotherapy effi cacious in MS 
relapses. 

 Patients with infl ammatory demyelination, including 
patients with MS, who have not responded to treatment 
with methylprednisolone may benefi t from plasma 
exchange treatment, but only about one - third of treated 
patients are likely to respond. This treatment regimen 
should probably be restricted to a subgroup of patients 
with severe relapses (Level B recommendation). A ran-
domized controlled study specifi cally addressing the 
effect of plasma exchange and IVIg treatment in patients 
with severe relapses of MS not responding to methyl-
prednisolone treatment would be desirable. 

 A more intense, interdisciplinary rehabilitation pro-
gramme should be considered after treatment with i.v. 
methylprednisolone as evidence from a single trial sug-
gests that this probably further improves recovery (Level 
B recommendation).  
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not considered in this guideline since there is no agree-
ment regarding its epileptic nature. The focus of this 
article is on critical care situations in adults, and SE in 
children is not considered.  

  Mechanisms 
 The basic processes generating SE may be seen as a failure 
of the normal mechanisms that terminate seizures. 
Reduced inhibition and persistent excessive excitation 
create interactions that produce and sustain ongoing 
seizure activity. During prolonged seizure activity 
dynamic changes in gamma - aminobutyric acid (GABA) A  
and N - methyl - D - aspartate (NMDA) receptor function 
are seen that have been termed  ‘ receptor traffi cking ’   [10] . 
Ongoing seizure activity results in gradual reduction of 
GABA A  receptors at the synaptic membrane following 
receptor internalisation into endocytotic vesicles and 
subsequent degradation  [11] . This process results in 
erosion of endogenous GABAergic inhibition giving rise 
to sustained epileptic activity. Loss of postsynaptic 
GABA A  receptors is a relevant pathophysiological factor 
on the way to progressive pharmacoresistance of drugs 
such as benzodiazepines, barbiturates, and propofol. In 
contrast, during ongoing epileptic activity NMDA recep-
tors are progressively transported to the synaptic mem-
brane, resulting in increasing numbers of excitatory 
NMDA receptors per synapse  [12] . This process facilitates 
neuronal excitability and consecutively sustained SE. On 
the other hand, the enhanced expression of glutamate 
receptors may present a useful target in the pharmaco-
logical management of advanced stages of SE. Absence 
SE with 3 - Hz spike - wave discharges are induced by exces-
sive inhibition  [13] . This form of SE does not lead to the 
neuronal injury seen with excessive excitation  [14] .   
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   Background 

  Incidence,  m ortality, and  m orbidity 
 Generalised convulsive and non - convulsive status epilep-
ticus (GCSE, NCSE) are important neurological condi-
tions potentially associated with signifi cant mortality and 
morbidity rates. Annual incidence rates of GCSE range 
from 3.6 to 6.6 per 100 000 and of NCSE from 2.6 to 7.8 
per 100 000  [1 – 3] . Mortality and morbidity rates of SE 
are heavily infl uenced by the underlying aetiology and it 
is therefore diffi cult to give reliable fi gures for the condi-
tion itself  [1, 4, 5] . In a recent large US sample including 
more than 11 000 patients, in - hospital mortality of GCSE 
was 3.5%  [6] . Predictors of death were old age, mechani-
cal ventilation, cerebrovascular disease, female sex, and a 
higher comorbidity index. In particular, mortality rates 
of NCSE after profound brain damage are high and 
usually due to the injury itself  [5] . 

 There is general agreement that immediate and effec-
tive treatment is required. First - line anticonvulsants like 
benzodiazepines and phenytoin fail to terminate SE in 
30 – 50% of cases  [7 – 9] . SE continuing after such failure 
is termed refractory status epilepticus (RSE) and repre-
sents an even more diffi cult clinical problem. Drug treat-
ment approaches in this situation are based on prospective 
observational studies, retrospective series, case reports, 
and expert opinions. The goal of this paper is to sum-
marise published treatment options for generalised con-
vulsive and non - convulsive SE. Post - anoxic myoclonus is 
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ment with anticonvulsants is required. Consequently, 
Lowenstein  et al . have proposed an operational defi nition 
of SE that is based on a duration of 5   min  [21] . Currently, 
clinical studies are based on 5   min  [22] , 10   min  [8, 23] , 
or 30   min  [2, 24]  of ongoing epileptic activity to defi ne 
SE. The diagnosis of NCSE is based on changes in behav-
iour and/or mental processes from baseline associated 
with continuous epileptiform discharges in the EEG  [25] . 
There is currently no generally accepted duration of 
electro - clinical alterations incorporated in the diagnostic 
criteria of NCSE. 

 NCSE includes the subtypes of absence status, complex 
partial, and subtle status epilepticus. Absence SE with 
3 - Hz spike - wave discharges is a benign type of NCSE, in 
most cases of which a small i.v. dose of lorazepam or 
diazepam will terminate the event. Therefore, absence SE 
is not further considered in this paper. CPSE represents 
the most frequent type and accounts for almost every 
second case of all forms of SE  [2] . Subtle SE evolves from 
previously overt GCSE and is characterised by coma and 
ongoing electrographic seizure activity without any or 
with only subtle convulsive movements  [23] . Subtle SE 
therefore is a form of NCSE that develops from GCSE if 
the latter has been treated insuffi ciently or has not been 
treated at all. 

 An appropriate defi nition of refractory SE also is still 
missing. The failure of two  [8, 26]  or three  [27, 28]  anti-
convulsants has been suggested in combination with a 
minimal duration of the condition of 1   h  [8, 29, 30]  or 
2   h  [26, 31]  or regardless of the time that has elapsed since 
onset  [24, 27] .  

  Results 

  Literature and  d ata on  t reatment 

  Initial  t reatment of  g eneralised  c onvulsive 
 s tatus  e pilepticus 
 High - level evidence for the initial pharmacological treat-
ment of GCSE has been given in some randomised con-
trolled trials (RCTs) that are indicated below. In 384 
patients with GCSE, intravenous (i.v.) administration of 
0.1   mg/kg lorazepam was successful in 64.9% of cases, 
15   mg/kg phenobarbital in 58.2% of cases, and 0.15   mg/
kg diazepam directly followed by 18   mg/kg phenytoin in 
55.8% of cases; the effi cacy of these anticonvulsants was 

  Search  s trategy 

 One member of the task force panel (HM) searched avail-
able published reports from 1966 to 2005 and for the 
purpose of the current updated version from 2005 to 2009 
using the database MEDLINE and EMBASE (last search 
in January 2009). The search was limited to papers pub-
lished in English. The subject term  ‘ status epilepticus ’  was 
combined with the terms  ‘ controlled clinical trial ’ ,  ‘ ran-
domised controlled trial ’ ,  ‘ multicentre study ’ , meta -
 analysis ’ , and  ‘ crossover study ’ . Furthermore, the Cochrane 
Central Register of Controlled Trials (CENTRAL) was 
sought. Finally, the websites of the World Health Organi-
zation (WHO), the International League against Epilepsy 
(ILAE), and the American Neurological Association 
(ANA) were explored to look for additional information. 

  Evaluation of  p ublished  l iterature 
 The evidence for therapeutic interventions (Class I – IV) 
and the rating of recommendations (level A – C) were clas-
sifi ed by using the defi nitions previously reported  [15] .   

  Methods for  r eaching  c onsensus 

 The other members of the task force read the fi rst draft 
of the recommendations and discussed changes (infor-
mative consensus approach). Where there was a lack of 
evidence but consensus was clear we have stated our 
opinion as Good Practice Points (GPP).  

  Defi nitions 

 The time that has to evolve to defi ne ongoing epileptic 
activity as  ‘ status epilepticus ’  is as yet not generally agreed 
on. The Commission on Classifi cation and Terminology 
of the International League Against Epilepsy defi nes SE 
as  ‘ a seizure [that] persists for a suffi cient length of time 
or is repeated frequently enough that recovery between 
attacks does not occur ’   [16] . Experimental studies have 
shown irreversible neuronal damage after about 30   min 
of continuing epileptic activity  [17] . Therefore, this time 
window has been adopted by the majority of authors  [1, 
2, 18] . On the other hand, some clinical data indicate that 
spontaneous cessation of generalised convulsive seizures 
is unlikely after 5   min  [19, 20]  and therefore acute treat-
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specify the success rate of anticonvulsant drugs in this 
form of SE  [34, 35] .  

  Initial  t reatment of  s ubtle  s tatus  e pilepticus 
 The pharmacological treatment of subtle SE has been 
addressed in a RCT with 134 patients  [23]  (Class I). The 
i.v. administration of lorazepam (0.1   mg/kg), diazepam 
(0.15   mg/kg) followed by phenytoin (18   mg/kg), pheno-
barbital (18   mg/kg), and phenytoin (18   mg/kg) termi-
nated SE in 8 – 24% of cases, only. Success rates were not 
signifi cantly different between the drugs or drug combi-
nations tested. However, the key criterion for study entry 
was the evidence of subtle SE at the time of evaluation, 
regardless of prior treatment. Though not further speci-
fi ed, it can be assumed that in some of the patients anti-
convulsants have been administered before. 

  Side  e ffects of  i nitial  t reatment of  s tatus  e pilepticus 
 Safety issues of the common initial anticonvulsants have 
been compared in patients with overt GCSE as well as in 
patients with subtle SE  [23]  (Class I). In overt GCSE, 
hypoventilation was observed in 10 – 17% of cases, hypo-
tension in 26 – 34%, and cardiac arrhythmias in 2 – 7%. 
These side effects were more frequent in subtle SE and 
ranged between 3 and 59% of cases. Distribution of side 
effects was not signifi cantly different in patients treated 
with lorazepam, diazepam followed by phenytoin, phe-
nobarbital, and phenytoin in overt and subtle SE. Out -
 of - hospital administration of benzodiazepines compared 
with placebo did not result in more complications such 
as arterial hypotension, cardiac arrhythmias, or respira-
tory depression requiring intervention  [22]  (Class I). 
These side effects occurred in 10.6% of patients treated 
with lorazepam, 10.3% treated with diazepam, and 22.5% 
given placebo.  

  Refractory  g eneralised  c onvulsive and 
 n on -  c onvulsive  SE  
 The rationale for treating refractory SE with anaesthetis-
ing anticonvulsants is to prevent both severe acute sys-
temic and long - term neuronal consequences. Acute 
systemic complications such as pulmonary oedema and 
 –  potentially fatal  –  cardiac arrhythmias may occur early 
in the course of GCSE  [36]  but are rarely seen in CPSE. 
In experimental animal models, prolonged electro-
graphic seizure activity results in brain damage  [37, 38] . 
To what extent these fi ndings can be translated to the 

not signifi cantly different  [23]  (Class I). The same trial 
has shown that in pairwise comparison initial mono-
therapy with 18   mg/kg phenytoin is signifi cantly less effec-
tive than administration of lorazepam. Another RCT has 
focused on the pre - hospital treatment of GCSE performed 
by paramedics  [22]  (Class I). A total of 205 patients were 
administered 2   mg of i.v. lorazepam, 5   mg of i.v. diazepam, 
or placebo; the injection of identical doses of benzodiaz-
epines was repeated when seizures continued for more 
than 4   min. Lorazepam terminated SE in 59.1% of cases 
and was as effective as diazepam (42.6%). Both drugs were 
signifi cantly superior to the administration of placebo 
(21.1%). An earlier RCT on 81 episodes of all clinical 
forms of SE compared i.v. administration of 4   mg 
lorazeapm versus 10   mg diazepam, which were repeated 
when seizures continued or recurred after 10   min  [32]  
(Class II). In episodes of GCSE with or without focal onset 
( n         39), 13 episodes responded to lorazepam after the 
fi rst administration and three after the second, while three 
episodes did not respond. With diazepam, 14 episodes 
responded to the fi rst administration and two to the 
second, while four episodes did not respond. In a recent 
randomised open study, fi rst - line anticonvulsant treat-
ment of GCSE with 30   mg/kg valproic acid in 35 patients 
has been compared with 18   mg/kg phenytoin in another 
33 cases  [33]  (Class III). Valproic acid terminated SE in 
66% of cases, while phenytoin was successful in 42% 
( p         0.046). Unfortunately, this study was underpowered, 
giving rise to cautious interpretation of the results. Also, 
the study was not limited to adults, but also included a 
signifi cant number of children and adolescents in whom 
SE usually is less diffi cult to terminate. Another ran-
domised open study on fi rst - line treatment of SE com-
pared valproic acid in 18 patients to phenytoin in nine 
cases using the same doses as in the latter above study 
 [34]  (Class III). Valproic acid (72%) was found to be as 
successful as phenytoin (78%). Unfortunately, this study 
too, did not yield data of major relevance for the treatment 
with fi rst - line substances, since it also was underpowered 
and included patients with CGSE and CPSE, each of which 
is known to be associated with a different prognosis.  

  Initial  t reatment of  c omplex  p artial 
 s tatus  e pilepticus 
 Currently, there are no studies available focusing exclu-
sively on the initial anticonvulsant treatment of CPSE. 
Some trials included patients with CPSE but did not 
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in CPSE  [42]  (Class IV). Three - quarters of the experts 
did not administer anaesthetics in refractory CPSE at all, 
while all did at some time point in GCSE. Administration 
of anaesthetics was withheld in CPSE: more than 60% of 
the participants administer anaesthetics not earlier than 
60   min after onset of status compared to only 21% of 
participants waiting that long in GCSE.  

  Further  n on -  a naesthetising  a nticonvulsants 
 Though phenobarbital has been assessed in the initial 
anticonvulsant treatment  [23]  of SE, suffi cient data on 
the effi cacy of the substance after failure of benzodiaze-
pines and phenytoin/fosphenytoin are missing. Doses of 
20   mg/kg infused at a rate of 30 – 50   mg/min are used. 

 The role of i.v. valproic acid in the treatment of RSE is 
yet to be defi ned. Valproic acid is a non - sedating sub-
stance that has not caused hypotension or respiratory 
suppression and has been reported to be effective in gen-
eralised convulsive and complex partial RSE  [43]  (Class 
IV). In a randomised open study, SE refractory to diaz-
epam administered in adequate doses was treated with 
valproic acid (20   mg/kg) or phenytoin (20   mg/kg) in 50 
patients each  [44]  (Class III). Treatment success was 88 
and 84% respectively. The clinical forms of SE that were 
included into the study are not reported, and approxi-
mately 30% of patients were younger than 18 years. In a 
retrospective study that included 63 patients with previ-
ously untreated or refractory GCSE, overall effi cacy rates 
of 63% were reported, and valproic acid was even more 
successful in RSE  [45]  (Class IV). Loading doses of 25 –
 45   mg/kg at infusion rates of up to 6   mg/kg/min have 
been suggested  [46]  (Class IV), and favourable tolerance 
of rapid administration ranging from 200 to 500   mg/min 
was reported  [45]  (Class IV). 

 Levetiracetam is a second - generation antiepileptic 
drug with proven oral effi cacy in epilepsies with generali-
sed and/or partial seizures. The substance is non - sedating 
and has almost no interactions with other drugs. In 2006, 
its i.v. formulation has been introduced into the market. 
Retrospective data describe treatment success in at least 
benzodiazepine - refractory SE in 16 out of 18 episodes 
with loading doses of i.v. levetiracetam between 250 and 
1500   mg  [47]  (Class IV). A recent prospective observa-
tional study reported termination of 10 out of 11 epi-
sodes of various clinical forms of SE with i.v. levetiractam 
administered in a dose of 2500   mg in 5   min  [48]  (Class 
IV). In both studies, adverse effects of i.v. levetiracetam 
were negligible. 

human situation is not known. But it is for this reason 
that most authorities recommend general anaesthesia to 
obtain a burst suppression pattern on the EEG if initial 
therapy has not controlled SE within 1 – 2   h. However, 
there are no studies comparing anaesthetic therapy with 
continuing non - anaesthetising anticonvulsants. The 
therapeutic decision is based on the type of status epi-
lepticus, age, comorbidity, and prognostic issues. This is 
of special relevance in patients with CPSE since the risks 
of anaesthesia (e.g. arterial hypotension, gastroparesis, 
immunosuppression, etc.) may be greater than the risks 
of ongoing non - convulsive epileptic activity  [39] . In 
view of the lack of controlled studies, the decision on 
further treatment is based on a few retrospective studies 
and expert opinions. Retrospective studies have analysed 
the further treatment options after failure of initial anti-
convulsants  [8] . It should be noted that treatment path-
ways were naturally infl uenced by multiple variables 
such as aetiology, age, and comorbidity. In 26 episodes 
of RSE, after failure of fi rst -  and second - line drugs, 23 
episodes were treated with a third - line drug that was 
non - anaesthetising in all but one case. In 12 of these 
episodes seizures were controlled, but 11 patients needed 
further more aggressive treatment  [8]  (Class IV). In 
another study, RSE was terminated by further non -
 anaesthetising anticonvulsants in 18 out of 35 episodes 
 [40]  (Class IV). However, data in both studies did not 
differentiate between GCSE and CPSE. 

 In view of the very few clinical studies, further avail-
able evidence has to be based on experts ’  opinions. Two 
surveys have been performed, one on the treatment of 
GCSE among American neurologists  [41]  and another on 
the management of refractory GCSE and CPSE among 
epileptologists and critical care neurologists in Austria, 
Germany, and Switzerland  [42] . American neurologists 
did not agree on how to proceed in pharmacological 
treatment of SE after failure of benzodiazepines and phe-
nytoin or fosphenytoin: more than 80% would not 
directly proceed to an anaesthetic (43% administer phe-
nobarbital and 16% valproic acid), while 19% would 
directly administer anaesthetic  [41]  (Class IV). However, 
this survey did not include the management of refractory 
CPSE. The European survey revealed that after failure of 
benzodiazepines and phenytoin, two - thirds of the par-
ticipants would administer in both GCSE and CPSE 
another non - anaesthetising anticonvulsant, the majority 
preferred phenobarbital. Immediate administration of an 
anaesthetic was preferred by 35% in GCSE and by 16% 



CHAPTER 28  Status epilepticus 425

was tapered after 12   h of satisfactory burst suppression, 
and epileptic seizures reoccurred in three patients. Arte-
rial hypotension was treated with fl uid resuscitation in all 
patients, and seven patients received norepinephrine. 

 A systematic review of drug therapy for RSE including 
barbiturates, midazolam, and propofol assessed and 
compared data on 193 patients from 28 retrospective 
trials  [54]  (Class IV). Pentobarbital was more effective 
than either propofol or midazolam in preventing break-
through seizures (12 versus 42%). However, in most 
studies barbiturates were titrated against an EEG burst 
suppression pattern while midazolam and propofol was 
administered to obtain EEG seizure cessation. Accord-
ingly, side effects such as arterial hypotension were sig-
nifi cantly more frequently seen with pentobarbital 
compared with midazolam and propofol (77 versus 
34%). Overall mortality was 48% but there was no asso-
ciation between drug selection and the risk of death. A 
retrospective study assessed treatment aggressiveness on 
prognosis, revealing that outcome was independent of 
the specifi c coma - inducing agent used  [9]  (Class IV). 

 The above mentioned progressive loss of GABA A  
receptors with ongoing seizure activity limits the effi cacy 
of anticonvulsants with predominantly GABAergic 
mechanisms of action. In advanced stages of SE when 
NMDA receptors are increasingly expressed, specifi c 
antagonists may be good candidates to be administered. 
Ketamine has been described in some case reports and 
patient series to terminate SE after failure of GABAergic 
anticonvulsants  [55 – 57]  (Class IV).    

 Lacosamide has been licensed in Europe and the US in 
autumn 2008 as oral and i.v. formulation for the adjunc-
tive treatment of partial epilepsies. The pharmacokinetic 
profi le is interesting for the treatment of SE as well; 
however, so far there has been only one report on its 
effi cacy in a patient with non - convulsive predominantly 
aphasic SE  [49] . 

 Neither levetiracetam nor lacosamide is licensed for 
the treatment of SE.  

  Anaesthetising  a nticonvulsants 
 Most authorities recommend administration of anaes-
thetic agents to a depth of anaesthesia which produces a 
burst suppression pattern in the EEG  [42]  (Class IV) or 
an isoelectric EEG  [50] . Studies are needed in this area, 
as these issues give rise to ethically highly problematic 
decisions. 

 Barbiturates, midazolam, and propofol are commonly 
used in refractory SE  [42]  (Class IV). There have been no 
RCTs comparing these treatment options. These sub-
stances have been assessed in prospective oberservational 
studies. Thiopental anaesthesia was induced in 10 patients 
with an initial bolus of 5   mg/kg and additional boluses of 
1 – 2   mg/kg to achieve burst suppressions  [51] . Thereafter, 
the infusion rate was started at 5   mg/kg/h and had to be 
increased to a median of 7   mg/kg/h to maintain burst 
suppression. In one patient, epileptic seizure activity re -
 occurred following tapering of thiopental after 12   h burst 
suppression. Mean arterial pressure decreased in all 
patients and required catecholamines in four. Nine 
patients were treated with antibiotics due to infection, 
indicating that high - dose thiopental anaesthesia may be 
immunosuppressive. Midazolam anaesthesia was induced 
in 19 patients with a bolus of 0.2   mg/kg followed by con-
tinuous infusion at a starting rate of 1     g/kg/min  [52]  
(Class IV). Infusion rate was increased to a median of 
8     g/kg/min to control clinical seizures. Seizure activity 
was terminated in all but one patient, and no patient 
developed haemodynamically relevant arterial hypoten-
sion or other important medical side effects. Propofol 
anaesthesia was induced in 10 consecutive patients with 
a bolus of 2 – 3   mg/kg, and further boluses of 1 – 2   mg/kg 
were given until a burst - suppression EEG pattern was 
achieved  [53]  (Class IV). Thereafter, an infusion of 4   mg/
kg/h was initiated; however, the maintenance of a con-
tinuing burst suppression pattern was diffi cult to achieve 
and required incremental doses of propofol with a median 
maximum infusion rate of 9.5   mg/kg/h. The anaesthetic 

 Recommendations 
    The use of an in - house protocol for the general 
management and specifi c pharmacological treatment of SE is 
highly recommended (GPP).  

  General  i nitial  m anagement 
 General management approaches in generalised convulsive, 
complex partial, and subtle status epilepticus should include: 
assessment and control of the airways and of ventilation, 
arterial blood gas monitoring to see if there is metabolic 
acidosis and hypoxia requiring immediate treatment through 
airway management and supplemental oxygen, ECG and 
blood pressure monitoring. Other measures include: i.v. 
glucose and thiamine as required, emergency measurement 
of antiepileptic drug levels, electrolytes and magnesium, a 
full haematological screen, and measures of hepatic and 
renal function. The cause of the status should be identifi ed 
urgently and may require treatment in its own right (GPP).  
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chronic medication the patient will be treated with in 
future should begin (GPP). 

  Barbiturates  Thiopental is started with a bolus of 
3 – 5   mg/kg, then further boluses of 1 – 2   mg/kg every 
2 – 3   min until seizures are controlled, thereafter continu-
ous infusion at a rate of 3 – 7   mg/kg/h (GPP). Pentobarbital 
(the fi rst metabolite of thiopental) is marketed in the US 
as the alternative to thiopental and is given as a bolus dose 
of 5 – 15   mg/kg over 1   h followed by an infusion of 0.5 –
 1   mg/kg/h, increasing if necessary to 1 – 3   mg/kg/h (GPP). 

  Midazolam  Effective initial i.v. doses of midazolam are 
a 0.2   mg/kg bolus, followed by continuous infusion at 
rates of 0.05 – 0.4   mg/kg/h (GPP). 

  Propofol  Initial i.v. bolus of 2 – 3   mg/kg should be 
administered followed by further boluses at 1 – 2   mg/kg 
until seizure contol, then continuous infusion at 4 – 10   mg/
kg/h (GPP). 

 In cases of elderly patients in whom intubation and 
artifi cial ventilation would not be justifi ed, further non -
 anaesthetising anticonvulsants may be tried (see below) 
(GPP).  

  Pharmacological  t reatment for  r efractory  c omplex 
 p artial  s tatus  e pilepticus 
 In complex partial status epilepticus, the time that has 
elapsed until termination of status is less critical com-
pared to GCSE. Thus, general anaesthesia due to its pos-
sible severe complications should be postponed and 
further non - anaesthetising anticonvulsants may be tried 
before. Due to poor evidence and lack of any head - to -
 head comparison studies we cannot recommend which 
of the non - anaesthetising anticonvulsants should be the 
drug of choice (GPP). 

  Phenobarbital  Initial i.v. bolus of 20   mg/kg i.v. at an 
infusion rate of 50   mg/min, administration of additional 
boluses requires intensive care conditions (GPP). 

  Valproic acid  Intravenous bolus of 25 – 45   mg/kg infused 
at rates of up to 6   mg/kg/min (GPP). 

  Levetiracetam  Intravenous bolus of 1000 – 3000   mg 
administered over a period of 15   min (GPP). 

 If the treatment regimen includes the administration 
of anaesthetics, the same protocol applies as described for 
refractory GCSE.    

  Confl icts of  i nterest 
 The  authors have reported confl icts of interest as follows.   

 H. Meierkord has declared no confl ict of interest. 

  Initial  p harmacological  t reatment for 
 GCSE  and  NCSE  
 In GCSE, the preferred treatment pathway is i.v. admin-
istration of 4   mg lorazepam, this dose is repeated if sei-
zures continue more than 10   min after fi rst injection 
(Level A). If necessary, additional i.v. phenytoin (18   mg/
kg) or equivalent fosphenytoin is recommended (Level 
A). Phenytoin should be loaded rapidly with an infusion 
rate at 50   mg/min; this regimen is as safe as anticonvul-
sant treatment using other drugs (Level A). Alternatively, 
10   mg diazepam directly followed by 18   mg/kg phenytoin 
or equivalent fosphenytoin can be given, if seizures con-
tinue more than 10   min after fi rst diazepam injection 
another 10   mg is recommended (Level A). If possible, 
pre - hospital treatment is recommended, and in GCSE i.v. 
administration of 2   mg lorazepam is as effective as 5   mg 
diazepam (Level A). Out - of - hospital i.v. administration 
of benzodiazepines in GCSE is as safe as placebo treat-
ment (Level A). So far, available studies have not convinc-
ingly demonstrated a good enough effi cacy of valproic 
acid to be included in the group of fi rst - line substances 
for the treatment of generalised convulsive or other clini-
cal forms of SE. Complex partial status epilepticus should 
be treated initially such as GCSE (GPP). Subtle status 
epilepticus evolving from previously overt GCSE in most 
cases will already have been treated with anticonvulsants. 
In the rare patients with previously untreated subtle SE, 
the initial anticonvulsant treatment should be identical 
to that of overt GCSE (GPP).  

  General  m anagement of  r efractory  s tatus  e pilepticus 
 GCSE that does not respond to initial anticonvulsant 
substances needs to be treated on an intensive care unit 
(GPP).  

  Pharmacological  t reatment for  r efractory  GCSE  and 
 s ubtle  s tatus  e pilepticus 
 In GCSE and subtle status epilepticus, we suggest to 
proceed immediately to the infusion of anaesthetic doses 
of midazolam, propofol, or barbiturates because of the 
progressive risk of brain and systemic damage. Due to 
poor evidence we cannot recommend which of the anaes-
thetic substances should be the drug of choice. We rec-
ommend the titration of the anaesthetic against an EEG 
burst suppression pattern. This goal should be main-
tained for at least 24   h. Simultaneously, initiation of the 



CHAPTER 28  Status epilepticus 427

  12.       Wasterlain   C  ,   Liu   H  ,   Mazarati   A  ,   Baldwin   R  .  NMDA recep-
tor traffi cking during the transition from single seizures to 
status epilepticus .  Ann Neurol   2002 ; 52 ( Suppl. 1 ): 16 .  

  13.       Snead   OC ,  III  .  Basic mechanisms of generalized absence 
seizures .  Ann Neurol   1995 ; 37 : 146  –  57 .  

  14.       Fountain   NB  .  Status epilepticus: risk factors and complica-
tions .  Epilepsia   2000 ; 41 ( Suppl. 2 ): S23  –  30 .  

  15.       Brainin   M  ,   Barnes   M  ,   Baron   JC  ,  et al .  Guidance for the 
preparation of neurological management guidelines by 
EFNS scientifi c task forces  –  revised recommendations 
2004 .  Eur J Neurol   2004 ; 11 : 577  –  81 .  

  16.      Proposal for revised clinical and electroencephalographic 
classifi cation of epileptic seizures. From the Commission on 
Classifi cation and Terminology of the International League 
Against Epilepsy .  Epilepsia   1981 ; 22 : 489  –  501 .  

  17.       Meldrum   BS  ,   Brierley   JB  .  Prolonged epileptic seizures in 
primates. Ischemic cell change and its relation to ictal physi-
ological events .  Arch Neurol   1973 ; 28 : 10  –  7 .  

  18.       Shorvon   S  .  Status Epilepticus: Its Clinical Features and Treat-
ment in Children and Adults .  Cambridge :  Cambridge Uni-
versity Press ,  1994 .  

  19.       Theodore   WH  ,   Porter   RJ  ,   Albert   P  ,  et al .  The secondarily 
generalized tonic - clonic seizure: a videotape analysis .  Neu-
rology   1994 ; 44 : 1403  –  7 .  

  20.       Jenssen   S  ,   Gracely   EJ  ,   Sperling   MR  .  How long do most sei-
zures last? A systematic comparison of seizures recorded in 
the epilepsy monitoring unit .  Epilepsia   2006 ; 47 : 1499  –  503 .  

  21.       Lowenstein   DH  ,   Bleck   T  ,   Macdonald   RL  .  It ’ s time to revise 
the defi nition of status epilepticus .  Epilepsia   1999 ;
 40 : 120  –  2 .  

  22.       Alldredge   BK  ,   Gelb   AM  ,   Isaacs   SM  ,  et al .  A comparison 
of lorazepam, diazepam, and placebo for the treatment of 
out - of - hospital status epilepticus .  N Eng J Med   2001 ; 
345 : 631  –  7 .  

  23.       Treiman   DM  ,   Meyers   PD  ,   Walton   NY  ,  et al .  A comparison 
of four treatments for generalized convulsive status epilep-
ticus. Veterans Affairs Status Epilepticus Cooperative Study 
Group .  N Eng J Med   1998 ; 339 : 792  –  8 .  

  24.      America ’ s Working Group on Status Epilepticus .  Treatment 
of convulsive status epilepticus. Recommendations of the 
Epilepsy Foundation of America ’ s Working Group on Status 
Epilepticus .  JAMA   1993 ; 270 : 854  –  9 . [Previous guidelines or 
recommendations].  

  25.       Meierkord   H  ,   Holtkamp   M  .  Non - convulsive status epilepti-
cus in adults: clinical forms and treatment .  Lancet Neurol  
 2007 ; 6 : 329  –  39 .  

  26.       Prasad   A  ,   Worrall   BB  ,   Bertram   EH  ,   Bleck   TP  .  Propofol and 
midazolam in the treatment of refractory status epilepticus . 
 Epilepsia   2001 ; 42 : 380  –  6 .  

  27.       Lowenstein   DH  ,   Alldredge   BK  .  Status epilepticus .  N Eng J 
Med   1998 ; 338 : 970  –  6 .  

 P. Boon has received Editorial/Advisory board fees 
from Cyberonics, Else - vier, Medtronic, Pfi zer, Sanofi  and 
UCB and speakersfees from Cyberonics, Medtronic and 
UCB. 

 B. Engelsen has declared no confl ict of interest. 
 K. G ö cke has declared no confl ict of interest. 
 S. Shorvon has received Editorial/Advisoryboard fees 

from UCB and Speakers fees from UCB. 
 P. Tinuper has declared no confl ict of interest. 
 M. Holtkamp has received speakers fees from UCB. 

  References   

     1.       Coeytaux   A  ,   Jallon   P  ,   Galobardes   B  ,   Morabia   A  .  Incidence 
of status epilepticus in French - speaking Switzerland: 
(EPISTAR) .  Neurology   2000 ; 55 : 693  –  7 .  

     2.       Knake   S  ,   Rosenow   F  ,   Vescovi   M  ,  et al .  Incidence of status 
epilepticus in adults in Germany: a prospective, population -
 based study .  Epilepsia   2001 ; 42 : 714  –  8 .  

     3.       Vignatelli   L  ,   Tonon   C  ,   D ’ Alessandro   R  .  Incidence and short -
 term prognosis of status epilepticus in adults in Bologna, 
Italy .  Epilepsia   2003 ; 44 : 964  –  8 .  

     4.       Wu   YW  ,   Shek   DW  ,   Garcia   PA  ,   Zhao   S  ,   Johnston   SC  .  Inci-
dence and mortality of generalized convulsive status epilep-
ticus in California .  Neurology   2002 ; 58 : 1070  –  6 .  

     5.       Shneker   BF  ,   Fountain   NB  .  Assessment of acute morbidity 
and mortality in nonconvulsive status epilepticus .  Neurology  
 2003 ; 61 : 1066  –  73 .  

     6.       Koubeissi   M  ,   Alshekhlee   A  .  In - hospital mortality of general-
ized convulsive status epilepticus: a large US sample .  Neurol-
ogy   2007 ; 69 : 886  –  93 .  

     7.       Holtkamp   M  ,   Othman   J  ,   Buchheim   K  ,   Meierkord   H  .  Predic-
tors and prognosis of refractory status epilepticus treated in 
a neurological intensive care unit .  J Neurol Neurosurg Psy-
chiatry   2005 ; 76 : 534  –  9 .  

     8.       Mayer   SA  ,   Claassen   J  ,   Lokin   J  ,   Mendelsohn   F  ,   Dennis   LJ  , 
  Fitzsimmons   BF  .  Refractory status epilepticus: frequency, 
risk factors, and impact on outcome .  Arch Neurol   2002 ;
 59 : 205  –  10 .  

     9.       Rossetti   AO  ,   Logroscino   G  ,   Bromfi eld   EB  .  Refractory status 
epilepticus: effect of treatment aggressiveness on prognosis . 
 Arch Neurol   2005 ; 62 : 1698  –  702 .  

  10.       Chen   JW  ,   Wasterlain   CG  .  Status epilepticus: pathophysiol-
ogy and management in adults .  Lancet Neurol   2006 ;
 5 : 246  –  56 .  

  11.       Naylor   DE  ,   Liu   H  ,   Wasterlain   CG  .  Traffi cking of GABA(A) 
receptors, loss of inhibition, and a mechanism for pharma-
coresistance in status epilepticus .  J Neurosci   2005 ; 25 :
 7724  –  33 .  



428 SECTION 5  Neurological Problems

European countries: a survey among epileptologists and 
critical care neurologists .  J Neurol Neurosurg Psychiatry  
 2003 ; 74 : 1095  –  9 .  

  43.       Sinha   S  ,   Naritoku   DK  .  Intravenous valproate is well toler-
ated in unstable patients with status epilepticus .  Neurology  
 2000 ; 55 : 722  –  4 .  

  44.       Agarwal   P  ,   Kumar   N  ,   Chandra   R  ,   Gupta   G  ,   Antony   AR  ,   Garg  
 N  .  Randomized study of intravenous valproate and phe-
nytoin in status epilepticus .  Seizure   2007 ; 16 : 527  –  32 .  

  45.       Limdi   NA  ,   Shimpi   AV  ,   Faught   E  ,   Gomez   CR  ,   Burneo   JG  . 
 Effi cacy of rapid IV administration of valproic acid for 
status epilepticus .  Neurology   2005 ; 64 : 353  –  5 .  

  46.       Venkataraman   V  ,   Wheless   JW  .  Safety of rapid intravenous 
infusion of valproate loading doses in epilepsy patients .  Epi-
lepsy Res   1999 ; 35 : 147  –  53 .  

  47.       Knake   S  ,   Gruener   J  ,   Hattemer   K  ,  et al .  Intravenous leveti-
racetam in the treatment of benzodiazepine refractory 
status epilepticus .  J Neurol Neurosurg Psychiatry   2008 ; 
79 : 588  –  9 .  

  48.       Uges   JW  ,   van   Huizen   MD  ,   Engelsman   J  ,  et al .  Safety and 
pharmacokinetics of intravenous levetiracetam infusion as 
add - on in status epilepticus .  Epilepsia   2008 ; 50 : 415  –  21 .  

  49.       Kellinghaus   C  ,   Berning   S  ,   Besselmann   M  .  Intravenous lacos-
amide as successful treatment for nonconvulsive status epi-
lepticus after failure of fi rst - line therapy .  Epilepsy Behav  
 2009 ; 14 : 429  –  31 .  

  50.       Kaplan   PW  .  Nonconvulsive status epilepticus .  Neurology  
 2003 ; 61 : 1035  –  6 .  

  51.       Parviainen   I  ,   Uusaro   A  ,   Kalviainen   R  ,   Kaukanen   E  ,   Mervaala  
 E  ,   Ruokonen   E  .  High - dose thiopental in the treatment of 
refractory status epilepticus in intensive care unit .  Neurology  
 2002 ; 59 : 1249  –  51 .  

  52.       Ulvi   H  ,   Yoldas   T  ,   Mungen   B  ,   Yigiter   R  .  Continuous infusion 
of midazolam in the treatment of refractory generalized 
convulsive status epilepticus .  Neurol Sci   2002 ; 23 : 177  –  82 .  

  53.       Parviainen   I  ,   Uusaro   A  ,   Kalviainen   R  ,   Mervaala   E  ,   Ruokonen  
 E  .  Propofol in the treatment of refractory status epilepticus . 
 Intens Care Med   2006 ; 32 : 1075  –  9 .  

  54.       Claassen   J  ,   Hirsch   LJ  ,   Emerson   RG  ,   Mayer   SA  .  Treatment of 
refractory status epilepticus with pentobarbital, propofol, or 
midazolam: a systematic review .  Epilepsia   2002 ; 43 : 146  –  53 .  

  55.       Bleck   TP  ,   Quigg   M  ,   Nathan   BR  ,   Smith   TL  ,   Kapur   J  .  Electro-
encephalographic effects of ketamine treatment for refrac-
tory status epilepticus .  Epilepsia   2002 ; 43 ( Suppl. 1 ): 282 .  

  56.       Sheth   RD  ,   Gidal   BE  .  Refractory status epilepticus: response 
to ketamine .  Neurology   1998 ; 51 : 1765  –  6 .  

  57.       Pruss   H  ,   Holtkamp   M  .  Ketamine successfully terminates 
malignant status epilepticus .  Epilepsy Res   2008 ; 82 : 219  –  22 .       

 
 

  28.       Cascino   GD  .  Generalized convulsive status epilepticus .  Mayo 
Clin Proc   1996 ; 71 : 787  –  92 .  

  29.       Hanley   DF  ,   Kross   JF  .  Use of midazolam in the treatment of 
refractory status epilepticus .  Clin Ther   1998 ; 20 : 1093  –  105 .  

  30.       Shorvon   S  ,   Baulac   M  ,   Cross   H  ,   Trinka   E  ,   Walker   M  .  The drug 
treatment of status epilepticus in Europe: consensus docu-
ment from a workshop at the fi rst London Colloquium on 
Status Epilepticus .  Epilepsia   2008 ; 49 : 1277  –  85 . [Previous 
guidelines or recommendations].  

  31.       Stecker   MM  ,   Kramer   TH  ,   Raps   EC  ,   O ’ Meeghan   R  ,   Dulaney  
 E  ,   Skaar   DJ  .  Treatment of refractory status epilepticus with 
propofol: clinical and pharmacokinetic fi ndings .  Epilepsia  
 1998 ; 39 : 18  –  26 .  

  32.       Leppik   IE  ,   Derivan   AT  ,   Homan   RW  ,   Walker   J  ,   Ramsay   RE  , 
  Patrick   B  .  Double - blind study of lorazepam and diazepam 
in status epilepticus .  JAMA   1983 ; 249 : 1452  –  4 .  

  33.       Misra   UK  ,   Kalita   J  ,   Patel   R  .  Sodium valproate vs phenytoin 
in status epilepticus: a pilot study .  Neurology   2006 ; 
67 : 340  –  2 .  

  34.       Gilad   R  ,   Izkovitz   N  ,   Dabby   R  ,  et al .  Treatment of status 
epilepticus and acute repetitive seizures with i.v. valproic 
acid vs phenytoin .  Acta Neurol Scand   2008 ; 118 : 296  –  300 .  

  35.       Peters   CN  ,   Pohlmann - Eden   B  .  Intravenous valproate as an 
innovative therapy in seizure emergency situations includ-
ing status epilepticus  –  experience in 102 adult patients . 
 Seizure   2005 ; 14 : 164  –  9 .  

  36.       Walton   NY  .  Systemic effects of generalized convulsive status 
epilepticus .  Epilepsia   1993 ; 34 ( Suppl. 1 ): S54  –  8 .  

  37.       Holtkamp   M  ,   Matzen   J  ,   van   Landeghem   F  ,   Buchheim   K  , 
  Meierkord   H  .  Transient loss of inhibition precedes sponta-
neous seizures after experimental status epilepticus .  Neuro-
biol Dis   2005 ; 19 : 162  –  70 .  

  38.       Walker   MC  ,   Perry   H  ,   Scaravilli   F  ,   Patsalos   PN  ,   Shorvon   SD  , 
  Jefferys   JG  .  Halothane as a neuroprotectant during constant 
stimulation of the perforant path .  Epilepsia   1999 ;
 40 : 359  –  64 .  

  39.       Kaplan   PW  .  No, some types of nonconvulsive status epilep-
ticus cause little permanent neurologic sequelae (or:  ‘ the 
cure may be worse than the disease ’ ) .  Neurophysiol Clin  
 2000 ; 30 : 377  –  82 .  

  40.       Holtkamp   M  ,   Othman   J  ,   Buchheim   K  ,   Masuhr   F  ,   Schielke   E  , 
  Meierkord   H  .  A  ‘ malignant ’  variant of status epilepticus . 
 Arch Neurol   2005 ; 62 : 1428  –  31 .  

  41.       Claassen   J  ,   Hirsch   LJ  ,   Mayer   SA  .  Treatment of status 
epilepticus: a survey of neurologists .  J Neurol Sci   2003 ;
 211 : 37  –  41 .  

  42.       Holtkamp   M  ,   Masuhr   F  ,   Harms   L  ,   Einhaupl   KM  ,   Meierkord  
 H  ,   Buchheim   K  .  The management of refractory generalised 
convulsive and complex partial status epilepticus in three 



  CHAPTER 29 

Alcohol -  r elated  s eizures  
  G.     Br å then, 1        E.     Ben - Menachem, 2        E.     Brodtkorb, 1        R.     Galvin, 3        J. C.     Garcia - Monco, 4     
   P.     Halasz, 5        M.     Hillbom, 6        M. A.     Leone, 7        A. B.     Young 8   
   1 Trondheim University Hospital, and Norwegian University of Science and Technology, Trondheim, Norway;        2 Institute of Clinical 
Neuroscience, SU/Sahlgrenska Hospital, Gothenburg, Sweden;        3 Cork University Hospital, Wilton, Cork, Ireland;        4 Hospital de 
Galdacano, Galdacano (Vizcaya), Spain;        5 National Institute of Psychiatry and Neurology, Epilepsy Center, Budapest, Hungary;    
    6 Oulu University Hospital, Oulu, Finland;        7 Ospedale Maggiore della Carit à , Novara, Italy;        8 Dunsyre House, Dunsyre Carnwath, 
Lanark, UK       

and recommendation levels (A – C) were applied in accor-
dance with Brainin  et al .  [8] . Some important aspects of 
patient management that lack the evidence required for 
recommendations have been included; these are marked 
GPP, for  ‘ Good Practice Points ’ .  

  Results 

  Diagnosis of  a lcohol -  r elated  s eizures 

  History  t aking 
 Unless alcohol withdrawal symptoms are unequivocally 
present, the clinical diagnosis of an alcohol - related 
seizure can only be made by obtaining a drinking history 
that indicates alcohol overuse prior to the seizure. As 
patients frequently underreport true levels of alcohol 
consumption, there is a need to control for this bias. 
Therefore, whenever possible, a relative or friend should 
be asked about the recent alcohol intake. 

 Several other legal or illegal pharmacological agents 
may infl uence the tendency to have seizures, due either 
to withdrawal (e.g. benzodiazepines) or to a direct neu-
rotoxic effect (e.g. antipsychotics, antidepressants, or 
stimulant drugs). These factors may complicate the clini-
cal picture and should be considered in the diagnosis of 
alcohol - related seizures. 

 A good drinking history includes both the quantity 
and frequency of alcohol intake and changes in drinking 
pattern, at least during the previous 5 days, as well as the 
time of the last alcohol intake (GPP).  

429

   Background 

 It has been known since Hippocratic times that alcohol 
overuse causes epileptic seizures  [1] . The nature of this 
relationship is complex and poorly understood. Despite 
being a considerable problem in neurological practice 
and responsible for one - third of seizure - related admis-
sions  [2 – 5] , there is little consensus as to the optimal 
investigation and management of alcohol - related sei-
zures. Furthermore, different treatment traditions and 
policies exist, and vary from country to country  [6] . 
These guidelines summarize the current evidence for the 
diagnosis and management of alcohol - related seizures.  

  Methods 

 The task force systematically searched MEDLINE, 
EMBASE, the Cochrane databases, and several other 
sources for relevant trials related to a set of pre - defi ned 
key questions. Recent papers of high relevance were 
reviewed. Consensus was reached by discussions during 
meetings of the task force at EFNS congresses and at a 
workshop. The guideline was originally published in 
2005  [7] . The literature search for the present update was 
performed in October 2009. The evidence (Class I – IV) 

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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 Carbohydrate - defi cient transferrin (CDT) and gam-
maglutamyl transferase (GGT) are sensitive markers for 
alcohol overuse, although GGT is less specifi c than CDT. 
Systematic literature reviews have been inconclusive as to 
which marker is better  [22, 23] . Both CDT and GGT 
show poor accuracy as screening instruments for alcohol -
 related seizures in unselected seizure populations  [20] . 
Attempts to combine the tests have led to increased sen-
sitivity  [24 – 26] . As the current intoxication level is 
important information with potential treatment conse-
quences  [27] , blood alcohol should be measured in 
patients with suspected alcohol - related seizures (GPP).    

  Questionnaires 
 Structured questionnaires have been developed to reveal 
and grade excessive alcohol consumption as well as 
alcohol overuse and dependence. To be clinically useful 
a questionnaire needs to be both brief and reliable. The 
probably most commonly applied instrument is CAGE, 
which is the acronym for a simple four - question item. 
It is brief, easily memorized, and has reasonably fair 
accuracy  [9] . However, it fails to detect binge drinking, 
which is probably best assessed by directly asking for the 
largest number of drinks in a single drinking occasion 
 [10] . The Alcohol Use Disorders Identifi cation Test 
(AUDIT) includes this item. It is a 10 - item question-
naire which requires a 2 – 3   min interview and provides 
a fi ne - pitched grading (0 – 40) of alcohol use and overuse. 
For patient populations with lower drinking levels, it has 
higher accuracy than other questionnaires  [11, 12]  but 
is not easily memorized and may be perceived as too 
long for routine use in busy medical settings. A handful 
of brief versions, e.g. AUDIT - C, FAST, and AUDIT - PC, 
consisting of 3 – 5 AUDIT items, or Five - SHOT, a com-
bination of AUDIT and CAGE items, have all shown 
good accuracy compared to AUDIT  [13 – 16] . Other 
questionnaires, such as the Brief Michigan Alcoholism 
Screening Test (Brief MAST)  [12]  and the Munich Alco-
holism Test (MALT)  [17]  have widespread use, but do 
not offer better accuracy than AUDIT or its brief ver-
sions, and their use in a routine clinical setting is more 
demanding.    

 Recommendation 
    Questionnaires offer high diagnostic accuracy for alcohol 
overuse (Level A recommendation). To identify patients with 
alcohol - related seizures and binge drinking, brief versions of 
AUDIT are recommended as they are accurate and easy to 
use in busy clinical settings (Level A recommendation).  

 Recommendation 
    CDT and GT have a potential to support a clinical suspicion 
of alcohol overuse when the drinking history is inconclusive 
(Level A recommendation). Due to poor accuracy in 
unselected populations, biomarkers should not be applied as 
general screening instruments (Level C recommendation).  

 Recommendation 
    The CIWA questionnaire can be applied to grade the severity 
of withdrawal symptoms and give support to the decision 
on whether to keep or discharge the patient (Level A 
recommendation).  

  Patient  e xamination and  o bservation 
 The clinical examination should be focused on features 
distinctive of either epilepsy or withdrawal seizures (table 
 29.1 ). To predict the severity of alcohol withdrawal, the 
revised Clinical Institute Withdrawal Assessment Scale 
(CIWA - Ar) can be applied  [30] . The CIWA - Ar takes 
2 – 5   min to administer and grades withdrawal severity on 
a scale from 0 to 67 (available as appendix to this guide-
line on  www.efns.org ). More than 90% of alcohol with-
drawal seizures occur within 48   h of cessation of a 
prolonged drinking bout  [4, 31] . Patients should be 
observed in hospital for at least 24   h, after which a clinical 
risk assessment should be made with respect to develop-
ment of symptoms of alcohol withdrawal (GPP).   

 For the general treatment of the alcohol withdrawal 
syndrome readers should refer to guidelines  [32, 33, 
34, 35] .    

  Biomarkers 
 For detection of alcohol overuse, questionnaire - based 
interviews are reported to be more sensitive than any 
biomarker  [18, 19] . However, in cases where informa-
tion on recent alcohol consumption is unavailable or 
considered unreliable, markers of alcohol consumption 
can increase the accuracy of the clinical diagnosis 
 [20, 21] . 
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  Electroencephalography ( EEG ) 
 The incidence of EEG abnormalities (slow or epilepti-
form activity) is lower among patients with alcohol with-
drawal seizures (AWS) than in those with seizures of 
other aetiology. Therefore, EEG pathology suggests that 
the seizure may not have been caused exclusively by 
alcohol withdrawal  [31, 39] .     

  Neuroimaging 
 The diagnostic yield of cerebral computed tomography 
(CT) after a fi rst alcohol - related seizure is high, mainly 
because patients overusing alcohol have a high incidence 
of structural intracranial lesions  [36, 37] . Seizures that 
occur later than 48   h after intake of the last drink may 
indicate other potential aetiologies than simple alcohol 
withdrawal, such as subdural haematoma, brain contu-
sion, or mixed drug and alcohol overuse  [38] . When 
patients present repeatedly with clinically typical alcohol -
 related seizures, re - imaging is not necessary, but changes 
in seizure type and frequency, seizure occurrence more 
than 48   h after cessation of drinking, or other unusual 
features should prompt repeat neuroimaging (GPP).    

  Table 29.1    Early (  72   h) post - ictal signs and symptoms after 
seizures due to epilepsy and alcohol withdrawal seizures. 

        Epilepsy     Early alcohol 
withdrawal  

  Consciousness 
level  

  Post - ictal sleep/
drowsiness  

  Sleeplessness  

  Mood    Calm    Anxiety, unrest, 
nightmares  

  Tremor    No    Yes  
  Sweating    No    Yes  
  Blood pressure    Normal    Elevated  
  Pulse rate    Normal    Elevated (  90)  
  Temperature    Normal/light fever    Fever  
  Arterial blood    Normal    Respiratory alkalosis  a    
  EEG    Pathology  b      Normal, low 

amplitude  
  Questionnaires    Normal scores    Normal or elevated 

scores  

    a Respiratory alkalosis may be masked by seizure - induced 
metabolic acidosis, but it will reappear within 2   h after 
cessation of convulsions ( [29] ).  
   b Initial post - ictal slowing in most patients. Interictal 
epileptiform discharges in approximately 50% ( [28] ).   

 Recommendation 
    Although it may seem obvious that a given seizure is 
alcohol - related, if it is a fi rst known seizure, the patient 
should have brain imaging (CT or MRI) without and with 
contrast (Level C recommendation).  

 Recommendation 
    EEG should be recorded after a fi rst seizure. Subsequent to 
repeated AWS, EEG is considered necessary only if an 
alternative aetiology is suspected (Level C recommendation).  

  Patient  m anagement 
 Subsequent to the acute treatment of alcohol - related sei-
zures, attention should be given to other potential com-
plications of alcohol overuse such as thiamine defi ciency, 
electrolyte disturbances, acute intracranial lesions, infec-
tions, and development of the alcohol withdrawal syn-
drome, potentially leading to delirium tremens. Apart 
from acute intracranial lesions, which fall outside the 
scope of these guidelines, these factors are addressed 
below. 

  Thiamine  t herapy 
 Prolonged heavy drinking causes reduced absorption and 
increased excretion of thiamine. Only 5 – 14% of patients 
with Wernicke ’ s encephalopathy are diagnosed in life 
 [40, 41] . The majority (  80%) of those who show CNS 
lesions caused by thiamine defi ciency are chronic alcohol 
overusers  [40, 42] . 

 Thiamine is a comparatively harmless vitamin, the 
diagnosis of thiamine defi ciency is diffi cult, and the con-
sequences of not treating may be severe. Therefore, the 
threshold for starting therapy should be low. Oral admin-
istration is insuffi cient as the intestinal thiamine absorp-
tion may be severely impaired  [43] . In a recent Cochrane 
review, only one suffi ciently large randomized double -
 blind trial on the preventive effects of different doses of 
thiamine could be identifi ed  [44] , from which it could 
only be concluded that a daily dose of 200   mg thiamine 
was better than 5   mg  [45] . For the treatment of imminent 
or manifest Wernicke ’ s encephalopathy, uncontrolled 
trials and empirical clinical practice suggest a 
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is approximately 8%  [53] . These data originate from 
selected patients in need of treatment for alcoholism; 
the general seizure risk during uncomplicated alcohol 
withdrawal is probably lower. As seizures during previ-
ous detoxifi cations increase the risk for seizures during 
subsequent withdrawals  [54, 55] , patients with these 
characteristics will probably benefi t from prophylactic 
treatment regardless of the current withdrawal symptom 
severity.    

daily dose of at least 200   mg thiamine parenterally for 
minimum 3 – 5 days. In our experience, patients with 
Wernicke ’ s encephalopathy may benefi t from continued 
treatment for more than 2 weeks (GPP).    

 Recommendation 
    For patients with no history of withdrawal seizures and mild 
to moderate withdrawal symptoms, routine seizure 
preventive treatment is not recommended (Level B 
recommendation). Patients with severe alcohol withdrawal 
symptoms, regardless of seizure occurrence, should be 
treated pharmacologically (Level C recommendation).  

 Recommendation 
    Before starting any carbohydrate - containing fl uids or food, 
patients presenting with known or suspected alcohol 
overuse should be given prophylactic thiamine in the 
emergency room (Level B recommendation).  

  Treatment of  e lectrolyte  d isturbances 
 Due to large fl uid intake (beer), hyponatraemia may 
develop in alcohol overusers. The serious disorder of 
central pontine myelinolysis is thought to be triggered 
by osmotic gradients in the brain, a situation that may 
well result from attempts to correct this electrolyte dis-
turbance rapidly  [46] . Hyponatraemia in alcohol overus-
ers generally shows a benign clinical course  [47] , and 
usually repairs with cessation of alcohol intake and re -
 institution of a normal diet  [48] . If infusion is considered 
necessary, according to a retrospective study the rate of 
serum sodium correction should not exceed 10   mmol/
day  [49] . The evidence is insuffi cient for treatment 
recommendations. 

 Hypomagnesaemia and respiratory alkalosis seem to 
be associated with alcohol withdrawal, and correction of 
hypomagnesaemia may raise the seizure threshold in the 
initial phase of alcohol withdrawal  [50] . Unresponsive-
ness to parenteral thiamine therapy is a possible conse-
quence of hypomagnesaemia  [51] . However, there is not 
suffi cient evidence to recommend routine correction of 
hypomagnesemia.   

  Should  a ll  p atients with  s ymptoms of 
 a lcohol  w ithdrawal  b e  o ffered  s eizure 
 p rophylactic  t reatment? 
 Patients with mild - to - moderate alcohol withdrawal 
symptoms (CIWA   10) can successfully be detoxifi ed 
with supportive care only  [52] . Supportive treatment 
includes a calm, reassuring atmosphere, dim light, coffee 
restriction, and hydration. 

 The mean incidence of seizures in patients receiving 
placebo during trials on drugs for prevention of AWS 

  Drug  o ptions for  p rimary  p revention 
of  a lcohol  w ithdrawal  s eizures 
 An ideal drug for symptom relief during detoxifi cation 
from alcohol should display fast loading, long duration, 
minor side effects, low toxicity, few interactions, minimal 
overuse potential, and high effi cacy in preventing both 
withdrawal symptoms in general as well as seizures. 
Drugs should be available in more than one form, liquid 
being particularly useful for some patients. Apart from 
overuse potential, benzodiazepines (BZD) fulfi l all the 
above listed criteria for an ideal drug. BZD are cheap, 
widely available, and have a well - documented safety 
profi le. 

 In meta - analyses of controlled trials for primary pre-
vention of AWS, a highly signifi cant risk reduction for 
seizures with BZD compared with placebo have been 
demonstrated  [53, 56] . Drugs with rapid onset of action 
(diazepam, lorazepam, alprazolam) seem to have higher 
overuse potential than those with slower onset of action 
(chlordiazepoxide, oxazepam, halazepam). For the 
purpose of reducing the risk of seizures due to BZD 
withdrawal and reducing rebound withdrawal symptoms 
after discontinuation, long - acting drugs should be pre-
ferred to short - acting ones  [33, 53] . However, short -
 acting BZDs may have advantages for patients with 
respiratory insuffi ciency. Symptom - triggered treatment 
has been reported to be as effective as fi xed - dose or 
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  Alcohol -  r elated  s tatus  e pilepticus 
 Alcohol withdrawal is one of the commonest causes of 
status epilepticus (SE), and SE may be the fi rst manifesta-
tion of alcohol - related seizures. Although SE has proba-
bly a better prognosis when alcohol related  [63] , it 
increases the risk for subsequent epilepsy  [64] . One 
recent study indicates that lorazepam may be superior to 
diazepam for the treatment of out - of - hospital SE  [65] . In 
another study comparing four treatments, lorazepam 
was considered easier to use but not more effi cacious 
than diazepam, phenobarbital, or phenytoin  [66] .    

loading therapy, resulting in lower doses and shorter 
treatment time  [57, 58] . Lorazepam has some advantages 
over diazepam. Despite a shorter half - life it has longer 
duration of action because it is less accumulated in lipid 
stores. However, its onset of action is slightly slower than 
that of diazepam. 

 In a Cochrane review, the effi cacy of anticonvulsants 
to prevent seizures did not reach statistical signifi cance 
compared either to placebo, benzodiazepines or other 
drugs  [59] . 

 Many other drugs and drug combinations are 
being used, including chlormethiazole, gamma -
 hydroxybutyrate, and clonidine, all for which the 
documentation is insuffi cient  [53, 57, 60, 61] .    

 Recommendation 
    When pharmacological treatment is necessary, 
benzodiazepines should be chosen for the primary 
prevention of seizures in a person with alcohol withdrawal, 
as well as for treatment of the alcohol withdrawal 
syndrome. The drugs of choice are lorazepam and 
diazepam. Although lorazepam has some pharmacological 
advantages to diazepam, the differences are minor and, as 
i.v. lorazepam is largely unavailable in Europe, diazepam is 
recommended. Other drugs for detoxifi cation should only be 
considered as add - ons (Level A recommendation).  

 Recommendation 
    Benzodiazepines should be used for the secondary 
prevention of AWS (Level A recommendation). Phenytoin is 
not recommended for prevention of AWS recurrence (Level 
A recommendation). The effi cacy of other antiepileptics for 
secondary prevention of AWS is undocumented.  

 Recommendation 
    For the initial treatment of alcohol - related status epilepticus, 
i.v. lorazepam is safe and effi cacious. When unavailable, i.v. 
diazepam is a good alternative (Level A recommendation).  

  Secondary  p revention of 
 w ithdrawal  s eizures 
 Following a withdrawal seizure, the recurrence risk 
within the same withdrawal episode is 13 – 24%  [53] . 
Consequently, there is a good rationale for treating these 
patients as soon as possible in order to prevent subse-
quent seizures. Lorazepam reduces recurrence risk sig-
nifi cantly  [62] . Phenytoin did not prevent relapses in 
patients who had one or more seizures during the same 
withdrawal episode  [53] .    

  Management of  e pilepsy in  p atients 
with  c urrent  a lcohol  o veruse 
 The comprehensive management of these patients 
includes careful counselling and information about the 
seizure - precipitating effect of alcohol, particularly the 
concurrent withdrawal of alcohol and antiepileptic drugs 
(AEDs). Prescription of AEDs to alcohol overusers is 
often a fruitless undertaking, which may increase their 
seizure problems due to poor compliance, drug overuse, 
and drug - alcohol interactions  [38] . The ideal drug for 
such patients should be well tolerated in combination 
with alcohol and have a benign side effect profi le, includ-
ing safety in overdose  [67] , and have a suppressive effect 
on drinking behaviour. In a few small studies, carbam-
azepine, valproic acid, gabapentin, and pregabalin have 
each been reported to reduce alcohol consumption    [68 –
 71] , and topiramate has recently been shown to reduce 
craving for alcohol  [72] . Prophylactic AED treatment 
should only be considered after recurrent epileptic sei-
zures clearly unrelated to alcohol intake, following the 
usual guidelines for AED treatment. The available data 
do not allow for recommendations on this topic. 

  How  m uch  a lcohol  c an  a   p atient with  e pilepsy 
 s afely  c onsume? 
 In various European countries, different advice has been 
given as to whether patients with epilepsy should abstain 
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totally from alcohol  [73] . Only one randomized con-
trolled clinical study  [74]  has addressed this particular 
issue; an intake of one to three drinks each containing 
9.8   g ethanol (standard alcohol units; see  [75] ) up to 
three times a week did not increase seizure susceptibility 
in treated patients with partial epilepsy. Another study 
suggested a seizure risk proportional to the alcohol intake 
level  [76] . 

 Alcohol sensitivity may vary between epilepsy syn-
dromes. Generalized epilepsies, in particular juvenile 
myoclonic epilepsy, seem to be more sensitive to alcohol, 
sleep deprivation, and in particular the combination of 
these factors  [77] .     

 Recommendation 
    For the majority of patients with partial epilepsy and 
controlled seizures, and in the absence of any history of 
alcohol overuse, an intake of one to three standard alcohol 
units, one to three times a week, is safe (Level B 
recommendation).  
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known malignancy (metachronous presentation). Less 
frequently (up to 30%) brain metastases are diagnosed 
either at the time of primary tumour diagnosis (synchro-
nous presentation) or before the discovery of the primary 
tumour (precocious presentation). High performance 
status, absence of systemic metastases, controlled primary 
tumour, and younger age (  60 – 65 years) are the most 
important favourable prognostic factors. Based on these 
factors the Radiation Therapy Oncology Group (US) has 
identifi ed subgroups of patients with different prognosis 
(recursive partitioning analysis (RPA) Class I, II, III)  [1] . 
Recently, a new prognostic index, the grade prognostic 
assessment (GPA), that takes into account the number of 
brain metastases, in addition to age, KPS, and extracra-
nial metastases, has been proposed  [2] . Neurocognitive 
function is prognostically important as well  [3] . The 
prognosis is similar for patients with both known and 
unknown primary tumour  [4] .  

  Search  s trategy 

 We searched: the Cochrane Library to date; MEDLINE –
 Ovid (January 1966 to date); MEDLINE – ProQuest; 
MEDLINE - EIFL; EMBASE – Ovid (January 1990 to date); 
CancerNet; Science Citation Index (ISI). We used specifi c 
and sensitive keywords, as well as combinations of key-
words, and publications in any language of countries 
represented in the task force. We also collected guidelines 
from national and European multidisciplinary neuro -
 oncological societies and groups (from Italy, France, 
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   Objectives 

 The primary objective has been to establish evidence -
 based guidelines in regard to the management of patients 
with brain metastases. The secondary objective has been 
to identify areas where there are still controversies and 
clinical trials are needed.    

  Background 

 Brain metastases represent an important cause of mor-
bidity and mortality for cancer patients and are more 
common than primary brain tumours. The incidence of 
brain metastases has increased over time as a conse-
quence of the increase in overall survival for many types 
of cancer and the improved detection by magnetic reso-
nance imaging (MRI). Brain metastases may occur in 
20 – 40% of patients with cancer, being symptomatic 
during life in 60 – 75%. In adults, the primary tumours 
most likely to metastatize to the brain are located in the 
lung (minimum 50%), breast (15 – 25%), skin (mela-
noma) (5 – 20%), colon - rectum, and kidney, but any 
malignant tumour is able to metastatize to the brain. The 
primary site is unknown in up to 15% of patients. Brain 
metastases are more often diagnosed in patients with 

European Handbook of Neurological Management: Volume 1, 
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 ‘ stroke - like ’  onset, related to an intratumoural haemor-
rhage (in particular melanoma, choriocarcinoma, and 
renal carcinoma). Altered mental status or impaired cog-
nition are seen in patients with multiple metastases and/
or increased intracranial pressure, sometimes resembling 
a metabolic encephalopathy. Contrast - enhanced MRI is 
more sensitive than enhanced computed tomography 
(CT) (including double - dose delayed contrast) or unen-
hanced MRI in detecting brain metastases, particularly 
when located in the posterior fossa or very small  [6]  
(Class II). Double or triple doses of gadolinium - based 
contrast agents are better than single doses, but increas-
ing the dose may lead to an increased number of false -
 positive fi ndings  [7]  (Class III). 

 There are no pathognomonic features on CT or MRI 
that distinguish brain metastases from primary brain 
tumours such as malignant gliomas and lymphomas or 
non - neoplastic conditions (abscesses, infections, demy-
elinating diseases, vascular lesions). A peripheral loca-
tion, spherical shape, ring enhancement with prominent 
peritumoural oedema, and multiple lesions all suggest 
metastatic disease: these characteristics are helpful but 
not diagnostic, even in patients with a positive history of 
cancer. Diffusion - weighted (DW) MR imaging may be 
useful for the differential diagnosis of ring - enhancing 
cerebral lesions (restricted diffusion in abscesses com-
pared to unrestricted diffusion in cystic or necrotic glio-
blastomas or metastases), but the fi ndings are not specifi c 
 [8, 9]  (Class III). In patients with either histologically 
confi rmed or radiologically suspected brain metastases 
and a negative history of cancer, chest CT is more sensi-
tive than chest radiograph in detecting a synchronous 
lung tumour (more commonly a non - small - cell cancer) 
(Class III evidence). CT of the abdomen occasionally 
shows an unsuspected cancer. Further investigations are 
almost never fruitful without positive features in the 
patient ’ s history or localizing signs on the physical exami-
nation to suggest a primary site  [10]  (Class III). Whole -
 body fl uorodeoxyglucose positron emission tomography 
(FDG PET) is a sensitive tool for detecting a  ‘ probable ’  
primary tumour by visualizing foci of abnormal uptake, 
more often in the lung  [11]  (Class III), but the specifi city 
in differentiating malignant tumours from benign or 
infl ammatory lesions is relatively low.  

  Supportive  c are 
 Dexamethasone is commonly used to control cerebral 
oedema, because of the minimal mineralocorticoid effect 

Netherlands, Germany, and the UK). Moreover, we per-
formed an investigation (by email questionnaire) regard-
ing the views of members of the task force on several 
critical issues, refl ecting the different national situations 
(10 countries) and specializations (11 neurologists, one 
neurosurgeon, one radiation oncologist, one medical 
oncologist).  

  Method for  r eaching  c onsensus 

 The scientifi c evidence of papers collected from the lit-
erature was evaluated and graded according to Brainin 
 et al.  (2004)  [5] , and recommendations were given 
according to the same paper. When suffi cient evidence 
for recommendation A – C was not available, we consid-
ered a recommendation to be a  ‘ Good Practice Point ’  
(GPP) if agreed by all members of the task force. When 
analysing results and drawing recommendations at any 
stage, the differences were resolved by discussions.  

  Review of the  e vidence 

  Diagnosis 
 Headache (40 – 50%), focal neurological defi cits (30 –
 40%), and seizures (15 – 20%) are the most common pre-
senting symptoms. A minority of patients have an acute 

  Table 30.1    Karnofsky Performance Status ( KPS ). 

  KPS 100    Normal; no complaints; no evidence of disease  
  KPS 90    Able to carry on normal activity; minor signs 

or symptoms of disease  
  KPS 80    Normal activity with effort; some signs or 

symptoms of disease  
  KPS 70    Cares for self; unable to carry on normal 

activity or to do active work  
  KPS 60    Requires occasional assistance, but is able to 

care for most personal needs  
  KPS 50    Requires considerable assistance and frequent 

medical care  
  KPS 40    Disabled; requires special care and assistance  
  KPS 30    Severely disabled; hospitalization is indicated, 

although death not imminent  
  KPS 20    Very sick; hospitalization necessary; active 

support treatment is necessary  
  KPS 10    Moribund; fatal processes progressing rapidly  
  KPS 0    Death  
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with either UFH or LMWH reduces the risk of VTE in 
patients undergoing major surgery for cancer (Class II).  

  Treatment of  s ingle  b rain  m etastasis 

  Surgery 
 Three randomized trials have compared surgical resec-
tion followed by WBRT with WBRT alone  [18 – 20] . The 
fi rst two studies have shown a survival benefi t for patients 
receiving the combined treatment (median survival 9 – 10 
months versus 3 – 6 months). In the Patchell study, 
patients who received surgery displayed a lower rate of 
local relapses (20% versus 52%) and a longer time of 
functional independence. The third study, which included 
more patients with an active systemic disease and a low 
Karnofsky performance status, did not show any benefi t 
with the addition of surgery. Therefore, there is Class I 
evidence that the survival benefi t of surgical resection is 
limited to the subgroup of patients with controlled sys-
temic disease and good performance status. Surgical 
resection allows in the majority of patients an immediate 
relief of symptoms of intracranial hypertension, a reduc-
tion of focal neurological defi cits and seizures, and a 
rapid steroid taper. Gross total resection of a brain metas-
tasis can be achieved with lower morbidity using contem-
porary image - guided systems, such as preoperative 
functional MRI, intraoperative neuronavigation, and 
cortical mapping  [21] . The combined resection of a soli-
tary brain metastasis and a synchronous non - small - cell 
lung carcinoma (NSCLC) (stage I and II) yields a median 
survival of at least 12 months, with 10 – 30% of patients 
surviving at 5 years  [22]  (Class III). In patients with local 
brain relapse and good performance status, re - operation 
affords a neurological improvement and prolongation of 
survival  [21]  (Class III). 

 Leptomeningeal dissemination (LMD) can be a com-
plication, especially for patients with posterior fossa 
metastases  [23] .  

  Stereotactic  r adiosurgery 
 Stereotactic radiosurgery (SRS) permits the delivery of a 
single high dose of radiation to a target of 3 – 3.5   cm of 
maximum diameter by using gamma - knife (multiple 
cobalt sources) or linear accelerator (Linac) through a 
stereotactic device. The rapid dose fall - off of SRS mini-
mizes the risk of damage to the surrounding normal 
nervous tissue. Most brain metastases represent an ideal 
target for SRS, owing to the small size, spherical shape, 

and long half - life. Patients are generally managed with 
starting doses of 4 – 8   mg per day  [12]  (Class II). Up to 
75% of patients show marked neurological improvement 
within 24 – 72   h after beginning dexamethasone. Any 
other corticosteroid is effective if given in equipotent 
doses. Side effects from chronic dexamethasone admin-
istration, including myopathy, are frequent and contrib-
ute to disability. When used as the sole form of treatment, 
dexamethasone produces about one month ’ s remission 
of symptoms and slightly increases the 4 – 6 - week median 
survival of patients who receive no treatment at all  [13] . 

 The need for anticonvulsant medication is clear in 
patients who have experienced a seizure by the time their 
brain tumour is diagnosed. The evidence does not support 
prophylaxis with antiepileptic drugs (AEDs) in patients 
with brain tumours, including metastases (Class I). 
Twelve studies, either randomized trials or cohort studies, 
investigating the ability of prophylactic AEDs (phenytoin, 
phenobarbital, valproic acid) to prevent fi rst seizures have 
been examined and none has demonstrated effi cacy  [14] . 
Subtherapeutic levels of anticonvulsants were extremely 
common and the severity of side effects appeared to be 
higher (20 – 40%) in brain tumour patients than in the 
general population receiving anticonvulsants, probably 
because of drug interactions (Class II). Phenytoin, carba-
mazepine, and phenobarbital stimulate the cytochrome 
P450 system and accelerate the metabolism of corticoste-
roids and chemotherapeutic agents such as nitrosoureas, 
paclitaxel, cyclophosphamide, topotecan, irinotecan, 
thiotepa, adriamycin, and methotrexate, and thus reduce 
their effi cacy. The role of prophylactic anticonvulsants 
remains to be addressed in some subgroups of patients 
who have a higher risk of developing seizures, such as 
those with metastatic melanoma, haemorrhagic lesions, 
and multiple metastases. For patients who underwent a 
neurosurgical procedure the effi cacy of prophylaxis has 
not been proven  [15]  (Class II). The effi cacy of novel 
AEDs (levetiracetam, topiramate, gabapentin, oxcarbaze-
pine, lamotrigine) has not been extensively investigated. 

 Anticoagulant therapy is the standard treatment for 
acute venous thromboembolism (VTE) in cancer patients. 
For initial therapy subcutaneous low molecular weight 
heparin (LMWH) is as effective and safe as intravenous 
unfractionated heparin (UFH)  [16]  (Class I). LMWH is 
more effective than oral anticoagulant therapy (warfarin) 
in preventing recurrent VTE in cancer patients  [17]  (Class 
I). The duration of anticoagulant therapy has not been 
specifi cally addressed in cancer patients. A prophylaxis 
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  Whole -  b rain  r adiotherapy after  s urgery or 
 r adiosurgery ( a djuvant  WBRT ) 
 It is still controversial whether adjuvant WBRT, which has 
a rationale of destroying microscopic metastatic deposits 
at the original tumour site or at distant locations, is nec-
essary after complete surgical resection or radiosurgery. 
Time - consuming fractionated treatment, possible long -
 term neurotoxicity, and availability of effective salvage 
treatments at recurrence are the main arguments against 
WBRT  [37] , whereas the negative impact of central 
nervous system (CNS) progression on the neurologic and 
neurocognitive function when omitting initial WBRT, 
and the uncertainty regarding the value of salvage treat-
ments in reversing the neurologic symptoms and signs 
are arguments in favour  [38] . There are three randomized 
trials  [39 – 41]  showing that the omission of WBRT in 
patients with newly diagnosed brain metastases after 
either surgery or SRS results in signifi cantly worse local 
and distant control in the brain on MRI, though it does 
not affect overall and functionally independent survival 
(Class I). WBRT may cause early adverse effects (fatigue, 
alopecia, eustachian tube dysfunction) and late neurotox-
icity. Long - term survivors after WBRT frequently develop 
radiographic changes on CT or MRI, including cortical 
atrophy, hydrocephalus, and hyperintensity of the peri-
ventricular white matter in T2 and FLAIR images. Up to 
11% of patients receiving hypofractionated schedules of 
radiotherapy (size fraction of 4 – 6   Gy)  [42]  have clinical 
symptoms such as memory loss progressing to dementia, 
frontal gait disorders, and urinary incontinence. Overall, 
aside from the risk of dementia after large fractions of 
WBRT, the true incidence of cognitive dysfunctions after 
conventional treatments (i.e. 30   Gy in 10 fractions) is not 
well understood, even if the deterioration of neurocogni-
tive functions in long - term survivors (up to 36 months) 
could not be negligible  [43] . 

 The identifi cation of patients with different risk of 
developing brain tumour relapse could be extremely 
important to defi ne the most appropriate initial manage-
ment  [44] . 

 Local forms of radiotherapy could be an alternative to 
WBRT after resection of a brain metastasis, because they 
target the most frequent site of tumour recurrence, that 
is the resection cavity. SRS to the resection cavity  [45]  
and the Gliasite Radiation Therapy System (an intracavi-
tary high - activity  125 I brachytherapy)  [46]  yield local 
control and local failure rates and survival in the range 

and distinct radiographic and pathologic margins  [24] . 
The dose is inversely related to tumour diameter and 
volume  [25] . In patients with newly diagnosed brain 
metastases, a decrease of symptoms, a local tumour 
control (defi ned as shrinkage or arrest of growth) at 1 
year of 80 – 90%, and a median survival of 6 – 12 months 
have been reported  [26]  (Class II). Metastases from 
radioresistant tumours, such as melanoma, renal cell car-
cinoma, and colon cancer, respond to SRS as well, as do 
metastases from radiosensitive tumours  [27]  (Class II). 
Radiosurgery allows the treatment of brain metastases in 
almost any location, including brainstem  [28] . The type 
of radiosurgical procedure, gamma - knife or Linac - based, 
does not have an impact on the results. SRS combined 
with WBRT (radiosurgical boost) is superior to WBRT 
alone in terms of survival  [29]  (Class II). Survival follow-
ing radiosurgery is comparable to that achieved with 
surgery  [30, 31]  (Class II). SRS is less invasive and can be 
accomplished in an outpatient setting, and thus offers 
cost - effectiveness advantages over surgery; on the other 
hand, patients with larger lesions may require chronic 
steroid administration. Radiosurgery is effective for 
patients with brain metastases that have recurred follow-
ing WBRT  [25]  (Class II). 

 Acute (early) and chronic (late) complications follow-
ing radiosurgery are reported in 10 – 40% of patients, 
serious complications being rare  [32] . Acute reactions 
(due to oedema) occur more often within 2 weeks of 
treatment, and include headache, nausea and vomiting, 
worsening of pre - existent neurological defi cits, and 
seizures. These reactions are generally reversible with 
steroids. Chronic complications consist of haemorrhage 
and radionecrosis (1 – 17%), requiring re - operation in up 
to 4% of patients. Radiographically, a transient increase 
in the size of the irradiated lesion, with increasing 
oedema and mass effect, with or without radionecrosis, 
cannot be distinguished from a tumour progression: 
FdG - PET  [33]  and MR spectroscopy  [34]  can give addi-
tional information .  

  Whole -  b rain  r adiotherapy  a lone 
 Median survival after WBRT alone is 3 – 6 months. Dif-
ferent fractionation schedules, ranging from 20   Gy in 1 
week to 50   Gy in 4 weeks, yield comparable results  [35, 
36]  (Class II). Nausea, vomiting, headache, fever, and 
transient worsening of neurological symptoms in the 
initial phase of therapy may be observed.  
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   •      Contrast - enhanced MRI is indicated when: (a) surgery or 
radiosurgery are considered for one or two metastases on 
contrast - enhanced CT and a KPS        70; (b) contrast -
 enhanced CT is negative but the history is strongly 
suggestive for the presence of brain metastases in a 
patient with established malignant disease; (c) CT is not 
conclusive to eliminate non - neoplastic lesions (abscesses, 
infections, demyelinating diseases, vascular lesions) 
(GPP).  

 Recommendations 

  Diagnosis 
     •      When neurological symptoms and/or signs develop in a 

patient with known systemic cancer, brain metastases must 
always be suspected. Careful medical history and physical 
examination with emphasis on the presence/activity of the 
systemic disease and the general physical condition 
(estimation of the performance status) are recommended 
(GPP).  

   •      CT is inferior to MRI (Level B), but it is suffi cient when it 
shows multiple brain metastases.  

which is expected for patients in RPA Class 1 and 2, 
treated with either surgery    WBRT or SRS, alone or in 
association with WBRT. Radiation - induced neurocogni-
tive defi cits may result from radiation injury to prolifer-
ating neuronal progenitor cells in the subgranular zone 
of the hippocampus  [47] . Conformal avoidance of the 
hippocampus during WBRT is a novel technique that 
allows treatment of the majority of the brain to full dose 
while keeping the radiation dose to the hippocampus 
relatively lower  [48] .   

  The  t reatment of  m ultiple 
 b rain  m etastases 
 Median survival after WBRT alone is 2 – 6 months, with 
good palliation of neurological symptoms. Hypofrac-
tionated treatments are generally employed, most com-
monly 30   Gy in 10 fractions or 20   Gy in fi ve fractions. In 
patients with poor prognostic factors, supportive care 
only is frequently prescribed. Radiosurgery is an alterna-
tive to WBRT in patients with up to three brain metasta-
ses. WBRT with radiosurgery boost improves functional 
independence but not survival in patients with two or 
three lesions  [29]  (Class I). Among new radiosensitizers, 
associated with WBRT, motexafi n - gadolinium has shown 
a benefi t in prolonging time to neurologic/neurocognitive 
progression in patients with brain metastases from 
NSCLC  [49]  (Class II) and efaproxiral has shown a 
benefi t in prolonging survival and quality of life in 
patients with brain metastases from breast cancer  [50]  
(Class II). When the number of brain metastases is 
limited (up to three), the lesions are accessible, and the 
patients are relatively young, in good neurological condi-
tion and with a controlled systemic disease, complete 
surgical resection yields results that are comparable to 
those obtained in single lesions  [51]  (Class III).  

  Chemotherapy 
 Chemotherapeutic agents are effectve in the treatment of 
brain metastases  [30]  (Class III): brain metastases are 
often as responsive as the primary tumour and extracra-
nial metastases, but not always the intracranial response 
parallels the extracranial response; higher response rates 
are observed when newly diagnosed, chemotherapy - na ï ve 
patients are treated; response to chemotherapy of brain 
metastases from mostly chemosensitive tumours (small -
 cell lung carcinoma, germ cell tumours, lymphomas) is 
of the same order as that observed after radiotherapy. 
Novel cytotoxic drugs, such as temozolomide, capecitabine, 
and fotemustine, can be useful in brain metastases from 
lung cancers, breast cancers and melanoma respectively. 
The combination of radiotherapy and chemotherapy may 
improve the response rate and/or the progression - free 
survival, but not the overall survival  [52, 53]  (Class I). 

 Local chemotherapy after surgical resection (Gliadel 
wafers) could reduce the risk of local relapse  [54]  (Class 
III).  

  Targeted  t herapies 
 Molecularly targeted therapies have been increasingly 
investigated in recent years in patients with brain metas-
tases  [55] . Brain metastases from NSCLC can respond to 
the epidermal growth factor receptor (EGFR) inhibitors 
gefi tinib and erlotinib  [56, 57]  (Class III). As with extra-
cranial disease, the response of brain metastases to EGFR 
inhibitors appears to depend upon the presence of spe-
cifi c EGFR mutations  [58] . The dual EGFR and HER - 2 
tyrosine kinase inhibitor lapatinib has shown modest 
activity in a recent phase II study on HER - 2    breast 
cancer patients with brain metastases following 
trastuzumab - based systemic chemotherapy and WBRT 
 [59]  (Class III).    
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   •      Diffusion MRI is useful for the differential diagnosis of 
ring - enhancing lesions (Level C).  

   •      EEG is indicated where there is suspicion of epilepsy, but 
there remains clinical uncertainity (GPP).  

   •      Tissue diagnosis (by stereotactic or open surgery) should be 
obtained when: (a) the primary tumour is unknown; (b) the 
systemic cancer is well controlled and the patient is a 
long - term survivor; (c) lesions on MRI do not show the 
typical aspect of brain metastases; (d) there is clinical 
suspicion of an abscess (fever, meningism) (Level B). In 
patients with unknown primary tumour, CT of the chest/
abdomen and mammography are recommended, but a 
further extensive evaluation is not appropriate in the 
absence of specifi c symptoms or indications from the brain 
biopsy (GPP). FDG PET can be useful for detecting the 
primary tumour (GPP). The histopathologic studies on the 
brain metastasis may provide valuable information in 
indicating a likely organ of origin and guiding further 
specialized diagnostic work - up: in this regard 
immunohistochemical staining to detect tissue - , organ - , or 
tumour - specifi c antigens is useful (GPP).  

   •      CSF cytology and contrast enhanced MRI of the spine are 
needed when the coexistence of a carcinomatous meningitis 
is suspected (GPP).     

  Supportive  c are 
     •      Dexamethasone is the corticosteroid of choice and 

twice - daily dosing is suffi cient (GPP). Starting doses should 
not exceed 4 – 8   mg per day, but patients with severe 
symptoms, including impaired consciousness or other signs 
of increased intracranial pressure, may benefi t from higher 
doses (  16   mg/day) (Level B). An attempt to reduce the dose 
should be undertaken within 1 week of initiation of 
treatment; if possible, patients should be weaned off 
steroids within 2 weeks. If complete weaning off is not 
possible, the lowest possible dose should be looked for. 
Asymptomatic patients do not require steroids. Steroids may 
reduce the acute side effects of radiation therapy. All 
recommendations are Good Practice Points.  

   •      AEDs should not be prescribed prophylactically (Level A). In 
patients who suffer from epileptic seizures and need a 
concomitant treatment with chemotherapeutics, enzyme -
 inducing antiepileptic drugs (EIAEDs) should be avoided 
(Level B).  

   •      In patients with venous thromboembolism low molecular 
weight heparin is effective and well tolerated for both initial 
therapy and secondary prophylaxis (Level A). A duration of 
the anticoagulant treatment ranging from 3 to 6 months is 
recommended (GPP). Prophylaxis in patients undergoing 
surgery is recommended (Level B).     

  Treatment of  s ingle  b rain  m etastasis 
     •      Surgical resection should be considered in patients with 

single brain metastasis in an accessible location, especially 

when the size is large, the mass effect is considerable, and 
an obstructive hydrocephalus is present (GPP). Surgery is 
recommended when the systemic disease is absent/
controlled and the Karnofsky Performance score is 70 or 
more (Level A). When the combined resection of a solitary 
brain metastasis and a non - small - cell lung carcinoma (stage 
I and II) is feasible, surgery for the brain lesion should 
come fi rst, with a maximum delay between the two 
surgeries not exceeding 3 weeks (GPP). Patients with 
disseminated but controllable systemic disease (i.e. bone 
metastases from breast cancer) or with a radioresistant 
primary tumour (melanoma, renal cell carcinoma) may 
benefi t from surgery (GPP). Surgery at recurrence is useful 
in selected patients (Level C).  

   •      Stereotactic radiosurgery should be considered in patients 
with metastases of a diameter of   3 – 3.5   cm and/or located 
in eloquent cortical areas, basal ganglia, brainstem, or with 
comorbidities precluding surgery (Level B). Stereotactic 
radiosurgery may be effective at recurrence after prior 
radiation (Level B).  

   •      WBRT alone is the therapy of choice for patients with active 
systemic disease and/or poor performance status and should 
employ hypofractionated regimens such as 30   Gy in 10 
fractions or 20   Gy in fi ve fractions (Level B). For patients with 
poor performance status supportive care only can be 
employed (GPP).  

   •      Following surgery or radiosurgery, in case of absent/
controlled systemic disease and Karnofsky Performance score 
of 70 or more, one can either withhold adjuvant WBRT if 
close follow - up with MRI (every 3 – 4 months) is performed 
or deliver early WBRT with fractions of 1.8 – 2   Gy to a total 
dose of 40 – 55   Gy to avoid late neurotoxicity (GPP).     

  Treatment of  m ultiple  b rain  m etastases 
     •      In patients with up to three brain metastases, good 

performance status (KPS of 70 or more) and controlled 
systemic disease, stereotactic radiosurgery is an alternative 
to WBRT (Level B), while surgical resection is an option in 
selected patients (Level C).  

   •      In patients with more than three brain metastases WBRT 
with hypofractionated regimens is the treatment of choice 
(Level B), whereas for patients with poor performance status 
supportive care only can be employed (GPP).     

  Chemotherapy 
     •      Chemotherapy may be the initial treatment for patients with 

brain metastases from chemosensitive tumours, like 
small - cell lung cancers, lymphomas, germ cell tumours, and 
breast cancers, especially if asymptomatic, chemo - na ï ve, or 
an effective chemotherapy schedule for the primary is still 
available (GPP). 

      Targeted  t herapies 
     •      Targeted therapies can be employed in patients with brain 

metastases recurrent after radiation therapy (GPP).     



CHAPTER 30  Brain metastases 443

sky performance in metastatic brain tumors: a randomized 
study of doses of 4, 8, and 16   mg per day .  Neurology  
 1996 ; 44 : 675  –  80 .  

  13.       Cairncross   JG  ,   Posner   JB  .  The management of brain metas-
tases . In:   Walker   MD   (ed.)  Oncology of the Nervous System  
 Boston :  Martinus Nijhoff ,  1983 ; pp.  342  –  77 .  

  14.       Glantz   MJ  ,   Cole   BF  ,   Forsyth   PA  ,  et al .  Practice parameter: 
anticonvulsant prophylaxis in patients with newly diag-
nosed brain tumors. Report of the Quality Standards 
Subcommittee of the American Academy of Neurology . 
 Neurology   2000 ; 54 : 1886  –  93 .  

  15.       Kuijlen   JM  ,   Teernstra   OP  ,   Kessels   AG  ,   Herpers   MJ  ,   Beuls   EA  . 
 Effectiveness of antiepileptic prophylaxis used with 
supratentorial craniotomies: a meta - analysis .  Seizure   1996 ;
 5 : 291  –  8 .  

  16.       Gould   MK  ,   Dembitzer   AD  ,   Doyle   RL  ,   Hastie   TJ  ,   Garber   AM  . 
 Low - molecular - weight heparins compared with unfraction-
ated heparin for treatment of acute deep venous thrombo-
sis. A meta - analysis of randomized, controlled trials .  Ann 
Intern Med   1999 ; 130 : 800  –  9 .  

  17.       Lee   AY  ,   Levine   MN  ,   Baker   RI  ,  et al .  Low - molecular - weight 
heparin versus coumarin for the prevention of recurrent 
venous thromboembolism in cancer .  N Engl J Med  
 2003 ; 349 : 146  –  53 .  

  18.       Patchell   RA  ,   Tibbs   PA  ,   Walsh   JW  ,  et al .  A randomized trial 
of surgery in the treatment of single metastases to the brain . 
 N Engl J Med   1990 ; 322 : 494  –  500 .  

  19.       Vecht   CJ  ,   Haaxma - Reiche   H  ,   Noordijk   EM  ,  et al .  Treatment 
of single brain metastasis: radiotherapy alone or combined 
with neurosurgery?   Ann Neurol   1993 ; 33 : 583  –  90 .  

  20.       Mintz   AH  ,   Kestle   J  ,   Rathbone   MP  ,  et al .  A randomized trial 
to assess the effi cacy of surgery in addition to radiotherapy 
in patients with a single cerebral metastasis .  Cancer  
 1996 ; 78 : 1470  –  6 .  

  21.       Vogelbaum   MA  ,   Suh   JH  .  Resectable brain metastases .  J Clin 
Oncol   2006 ; 24 : 1289  –  94 .  

  22.       Kelly   K  ,   Bunn   PA  .  It is time to reevaluate our approach to 
the treatment of brain metastases in patients with non - small 
cell lung cancer?   Lung Cancer   1998 ; 20 : 85  –  91 .  

  23.       Suki   D  ,   Abouassi   H  ,   Patel   AJ  ,  et al .  Comparative risk of 
leptomeningeal disease after resection or stereotactic radio-
surgery for solid tumor metastasis to the posterior fossa .  J 
Neurosurg   2008 ; 108 : 248  –  57 .  

  24.       Baumert   BG  ,   Rutten   I  ,   Dehing - Oberije   C  ,  et al .  A pathology -
 based substrate for target defi nition in radiosurgery of brain 
metastases .  Int J Radiat Oncol Biol Phys   2006 ; 66 : 187  –  94 .  

  25.       Shaw   E  ,   Scott   C  ,   Souhami   L  ,  et al .  Single dose radiosurgical 
treatment of recurrent previously irradiated primary brain 
tumors and brain metastases: fi nal report of RTOG protocol 
90 - 05 .  Int J Radiat Oncol Biol Phys   2000 ; 47 : 291  –  8 .  

  26.       Mehta   MP  ,   Tsao   MN  ,   Whelan   TJ  ,  et al .  The American Society 
for Therapeutic Radiology and Oncology (ASTRO) 

  Confl icts of  i nterest 
 None of the members of the task force, including the 
chairperson, had any form of confl ict of interest.   

  References 

     1.       Gaspar   L  ,   Scott   C  ,   Rotman   M  ,  et al .  Recursive partitioning 
analysis (RPA) of prognostic factors in three Radiation 
Therapy Oncology Group (RTOG) brain metastases trials . 
 Int J Radiat Oncol Biol Phys   1997 ; 37 : 745  –  51 .  

     2.       Sperduto   PW  ,   Berkey   B  ,   Gaspar   LE  ,  et al .  A new prognostic 
index and comparison to three other indices for patients 
with brain metastases: an analysis of 1960 patients in the 
RTOG database .  Int J Radiat Oncol Biol Phys   2008 ; 70 :
 510  –  4 .  

     3.       Meyers   CA  ,   Smith   JA  ,   Bezjak   A  .  Neurocognitive function 
and progression in patients with brain metastases treated 
with whole brain radiation and motexafi n gadolinium: 
results of a randomized phase III trial .  J Clin Oncol   2004 ;
 22 : 157  –  65 .  

     4.       Rud à    R  ,   Borgognone   M  ,   Benech   F  ,   Vasario   E  ,   Soffi etti   R  . 
 Brain metastases from unknown primary tumor .  J Neurol  
 2001 ; 248 : 394  –  8 .  

     5.       Brainin   M  ,   Barnes   M  ,   Baron   JC  ,  et al .  Guidance for the 
preparation of neurological management guidelines by 
EFNS scientifi c task forces  –  revised recommendations 
2004 .  Eur J Neurol   2004 ; 11 : 577  –  81 .  

     6.       Schellinger   PD  ,   Meinck   HM  ,   Thron   A  .  Diagnostic accuracy 
of MRI compared to CT in patients with brain metastases . 
 J Neurooncol   1999 ; 44 : 275  –  81 .  

     7.       Sze   G  ,   Johnson   C  ,   Kawamura   Y  ,  et al .  Comparison of single -  
and triple - dose contrast material in the MR screening of 
brain metastases .  AJNR   1998 ; 19 : 821  –  8 .  

     8.       Desprechins   B  ,   Stadnik   T  ,   Koerts   G  ,  et al .  Use of diffusion -
 weighted MR imaging in the differential diagnosis between 
intracerebral necrotic tumors and cerebral abscesses .  AJNR 
Am J Neuroradiol   1999 ; 20 : 1252  –  7 .  

     9.       Hartmann   M  ,   Jansen   O  ,   Heiland   S  ,  et al .  Restricted diffusion 
within ring enhancement is not pathognomonic for brain 
abscess .  AJNR Am J Neuroradiol   2001 ; 22 : 1738  –  42 .  

  10.       Van de Pol   M  ,   van   Aalst   VC  ,   Wilmink   JT  ,   Twijnstra   A  .  Brain 
metastases from an unknown primary tumor: which diag-
nostic procedures are indicated?   J Neurol Neurosurg Psychi-
atr   1996 ; 61 : 321  –  3 .  

  11.       Klee   B  ,   Law   I  ,   Hoigaard   L  ,   Kosteljanetz   M  .  Detection of 
unknown primary tumours in patients with cerebral metas-
tases using whole - body 18F - fl uorodeoxyglucose positron 
emission tomography .  Eur J Neurol   2002 ; 9 : 657  –  62 .  

  12.       Vecht   CJ  ,   Hovestadt   A  ,   Verbiest   HB  ,   van   Vliet   JJ  ,   van   Putten  
 WL  .  Dose - effect relationship of dexamethasone on Karnof-



444 SECTION 5  Neurological Problems

  39.       Patchell   RA  ,   Tibbs   PA  ,   Regine   WF  ,  et al .  Postoperative radio-
therapy in the treatment of single brain metastases to the 
brain .  JAMA   1998 ; 280 : 1485  –  9 .  

  40.       Aoyama   H  ,   Shirato   H  ,   Tago   M  ,  et al .  Stereotactic radiosur-
gery plus wholebrain radiation therapy vs stereotactic 
radiosurgery alone for treatment of brain metastases: a ran-
domized controlled trial .  JAMA   2006 ; 295 : 2483  –  91 .  

  41.       Muller   RP  ,   Soffi etti   R  ,   Abacioglu   MU  ,  et al .  Adjuvant 
whole - brain radiotherapy versus observation after radio-
surgery or surgical resection of 1 – 3 cerebral metastases: 
results of the EORTC 22952 - 26001 study .  J Clin Oncol   2009 ; 
27 : 89s .  

  42.       De Angelis   LM  ,   Delattre   JY  ,   Posner   JB  .  Radiation - induced 
dementia in patients cured of brain metastases .  Neurology  
 1989 ; 39 : 789  –  96 .  

  43.       Aoyama   H  ,   Tago   M  ,   Kato   N  ,  et al .  Neurocognitive function 
of patients with brain metastasis who receieved either whole 
brain radiotheraphy plus stereotactic radiosurgery or radio-
surgery alone .  Int J Radiat Oncol Biol Phys   2007 ; 68 :
 1388  –  95 .  

  44.       Sawrie   SM  ,   Guthrie   BL  ,   Spencer   SA  ,  et al .  Predictors of 
distant brain recurrence for patients with newly diagnosed 
brain metastases treated with stereotactic radiosurgery 
alone .  Int J Radiat Oncol Biol Phys   2007 ; 70 : 181  –  6 .  

  45.       Soltys   SG  ,   Adlwer   JR  ,   Lipani   JD  ,  et al .  Stereotactic radiosur-
gery of the postoperative resection cavity for brain metas-
tases .  Int J Radiat Oncol Biol Phys   2007 ; 70 : 187  –  93 .  

  46.       Rogers   LR  ,   Rock   JP  ,   Sills   AK  ,  et al .  Results of a phase II trial 
of the GliaSite Radiation Therapy System for treatment of 
newly diagnosed, resected single brain metastases .  J Neuro-
surg   2006 ; 105 : 375  –  84 .  

  47.       Monje   ML  ,   Palmer   T  .  Radiation injury and neurogenesis . 
 Curr Opin Neurol   2003 ; 16 : 129  –  34 .  

  48.       Guti é rrez   AN  ,   Westerly   DC  ,   Tom é    WA  ,  et al .  Whole brain 
radiotherapy with hippocampal avoidance and simultane-
ously integrated brain metastases boost: a planning study . 
 Int J Radiat Oncol Biol Phys   2007 ; 69 : 589  –  97 .  

  49.       Mehta   MP  ,   Shapiro   WR  ,   Phan   SC  ,  et al .  Motexafi n gado-
linium combined with prompt whole brain radiotherapy 
prolongs time to neurologic progression in non - small - cell 
lung cancer patients with brain metastases: results of a phase 
III trial .  Int J Radiat Oncol Biol Phys   2009 ; 73 : 1069  –  76 .  

  50.       Scott   C  ,   Suh   J  ,   Stea   B  ,  et al .  Improved survival, quality of life, 
and quality - adjusted survival in breast cancer patients 
treated with efaproxiral (Efaproxyn) plus whole - brain radi-
ation therapy for brain metastases .  Am J Clin Oncol  
 2007 ; 30 : 580  –  7 .  

  51.       Pollock   BE  ,   Brown   PD  ,   Foote   RL  ,  et al .  Properly selected 
patients with multiple brain metastases may benefi t from 
aggressive treatment of their intracranial disease .  J Neuro 
Oncol   2003 ; 61 : 73  –  80 .  

evidence - based review of the role of radiosurgery for 
brain metastases .  Int J Radiat Oncol Biol Phys   2005 ; 63 :
 37  –  46 .  

  27.       Manon   R  ,   O ’ Neill   A  ,   Knisely   J  ,  et al .  Phase II trial of radio-
surgery for one to three newly diagnosed brain metastases 
from renal cell carcinoma, melanoma, and sarcoma: an 
Eastern Cooperative Oncology Group study (E 6397) .  J Clin 
Oncol   2005 ; 23 : 8870  –  6 .  

  28.       Fuentes   S  ,   Delsanti   C  ,   Metellus   P  ,  et al .  Brainstem metastases: 
management using gamma knife radiosurgery .  Neurosurgery  
 2006 ; 58 : 37  –  42 .  

  29.       Andrews   DW  ,   Scott   CB  ,   Sperduto   PW  ,  et al .  Whole brain 
radiation therapy with or without stereotactic radiosurgery 
boost for patients with one to three brain metastases: phase 
III results of the RTOG randomised trial .  Lancet   2004 ; 
363 : 1665  –  72 .  

  30.       Soffi etti   R  ,   Costanza   A  ,   Laguzzi   E  ,   Nobile   M  ,   Rud à    R  .  Radio-
therapy and chemotherapy of brain metastases .  J Neuro -
 Oncol   2005 ; 75 : 1  –  12 .  

  31.       Rades   D  ,   Kueter   JD  ,   Veninga   T  ,   Gliemroth   J  ,   Schild   SE  . 
 Whole brain radiotherapy plus stereotactic radiosurgery 
(WBRT  SRS) versus surgery plus whole brain radiotherapy 
(OP  WBRT) for 1 – 3 brain metastases: results of a matched 
pair analysis .  Eur J Cancer   2009 ; 45 : 400  –  4 .  

  32.       Williams   BJ  ,   Suki   D  ,   Fox   BD  ,  et al .  Stereotactic radiosurgery 
for metastatic brain tumors: a comprehensive review of 
complications .  J Neurosurg   2009 ; 111 : 439  –  48 .  

  33.       Chao   ST  ,   Suh   JH  ,   Raja   S  ,   Lee   SY  ,   Barnett   G  .  The sensitivity 
and specifi city of FDG PET in distinguishing recurrent 
brain tumor from radionecrosis in patients treated with 
stereotactic radiosurgery .  Int J Cancer   2001 ; 96 : 191  –  7 .  

  34.       Rock   JP  ,   Scarpace   L  ,   Hearshen   D  ,  et al .  Associations among 
magnetic resonance spectroscopy, apparent diffusion coef-
fi cients, and image - guided histopathology with special 
attention to radiation necrosis .  Neurosurgery   2004 ; 54 :
 1111  –  7 .  

  35.       Borgelt   BB  ,   Gelber   RD  ,   Kramer   S  ,  et al .  The palliation of 
brain metastases: fi nal results of the fi rst two studies by the 
Radiation Therapy Oncology Group .  Int J Radiat Oncol Biol 
Phys   1980 ; 6 : 1  –  9 .  

  36.       Hoskin   PJ  ,   Brada   M  .  Radiotherapy for brain metastases .  Clin 
Oncol   2001 ; 13 : 91  –  4 .  

  37.       Sneed   PK  ,   Suh   JH  ,   Goetsch   SJ  ,  et al .  A multi - institutional 
review of radiosurgery alone vs. radiosurgery with whole 
brain radiotherapy as the initial management of brain 
metastases .  Int J Radiat Oncol Biol Phys   2002 ; 53 : 519  –  26 .  

  38.       Regine   WF  ,   Huhn   JL  ,   Patchell   RA  ,  et al .  Risk of symptomatic 
brain tumor recurrence and neurologic defi cit after radio-
surgery alone in patients with newly diagnosed brain metas-
tases: results and implications .  Int J Radiat Oncol Biol Phys  
 2002 ; 52 : 333  –  8 .  



CHAPTER 30  Brain metastases 445

  56.       Ceresoli   G  ,   Cappuzzo   F  ,   Gregorc   V  ,   Bartolini   S  ,   Crin ò    L  ,   Villa  
 E  .  Gefi tinib in patients with brain metastases from non -
 small cell lung cancer: a prospective trial .  Ann Oncol  
 2004 ; 15 : 1042  –  7 .  

  57.       Fekrazad   MH  ,   Ravindranathan   M  ,   Jones   DV   Jr  .  Response of 
intracranial metastases to erlotinib therapy .  J Clin Oncol  
 2007 ; 25 : 5024  –  6 .  

  58.       Shimato   S  ,   Mitsudomi   T  ,   Kosaka   T  ,  et al .  EGFR mutations 
in patients with brain metastases from lung cancer: associa-
tion with the effi cacy of gefi tinib .  Neurooncology  
 2006 ; 8 : 137  –  44 .  

  59.       Lin   NU  ,   Di é ras   V  ,   Paul   D  ,  et al .  Multicenter phase II 
study of lapatinib in patients with brain metastases from 
HER2 - positive breast cancer .  Clin Cancer Res   2009 ; 15 :
 1452  –  9 .     

 

  52.       Antonadou   D  ,   Paraskevaidis   M  ,   Sarris   G  ,  et al .  Phase 2 ran-
domized trial of temozolomide and concurrent radiother-
apy in patients with brain metastases .  J Clin Oncol  
 2002 ; 20 : 3644  –  50 .  

  53.       Verger   E  ,   Gil   M  ,   Yaya   R  ,  et al .  Temozolomide and concomi-
tant whole brain radiotherapy in patients with brain metas-
tases: a phase 2 trial .  Int J Radiation Oncology Biol Phys  
 2005 ; 61 : 185  –  91 .  

  54.       Ewend   MG  ,   Brem   S  ,   Gilbert   M  ,  et al .  Treatment of single 
brain metastasis with resection, intracavity carmustine 
polymer wafers, and radiation therapy is safe and provides 
excellent local control .  Clin Cancer Res   2007 ; 13 : 3637  –  41 .  

  55.       Soffi etti   R  ,   Rud à    R  ,   Trevisan   E  .  Brain metastases: current 
management and new developments .  Curr Opin Oncol  
 2008 ; 20 : 676  –  84 .  





  CHAPTER 31 

Paraneoplastic neurological syndromes  
  C. A.     Vedeler, 1        J. C.     Antoine, 2        B.     Giometto, 3        F.     Graus, 4        W.     Grisold, 5        J.     Honnorat, 6     
   P. A. E.     Sillevis Smitt, 7        J. J. G. M.     Verschuuren, 8        R.     Voltz 9         for the Paraneoplastic 
Neurological Syndrome Euronetwork  
   1 Haukeland University Hospital and University of Bergen, Norway;        2 Hopital Bellevue, Saint Etienne, France;        3 University of Padua, 
Italy;        4 Institut d ’ Investigacio Biomedica August Pi I Sunyer (IDIBAPS), Hospital Clinic, University of Barcelona, Spain;        5 Kaiser 
Franz Josef hospital and Ludwig Boltzmann Institute for Neurooncology, Vienna, Austria;        6 Hospital Neurologique, Lyon, France;    
    7 Erasmus University Medical Center, Rotterdam, The Netherlands;        8 Leiden University Medical Center, The Netherlands;        9 University 
of Cologne, Germany       

paraneoplastic limbic encephalitis (PLE), subacute 
sensory neuronopathy (SSN), paraneoplastic cerebellar 
degeneration (PCD), and paraneoplastic opsoclonus -
 myoclonus (POM), as well as Lambert - Eaton myasthenic 
syndrome (LEMS) and paraneoplastic peripheral nerve 
hyperexcitability (PPNH). Myasthenia gravis has not 
been included as it has been reported together with a 
broader overview of LEMS and PNH in a separate task 
force report on treatment of neuromuscular disorders 
 [2] . Paraproteinemic neuropathies have previously been 
evaluated by another EFNS task force  [3] . Paraneoplastic 
retinopathy and dermatomyositis have not been included 
in this report. 

 Search strategies have included English literature from 
the following databases: Cochrane Library, Medline, Pub -
 Med (last search August 2009). The keywords used for the 
search included  ‘ limbic encephalitis ’ ,  ‘ sensory neuronopa-
thy ’ ,  ‘ cerebellar ataxia ’ ,  ‘ opsoclonus - myoclonus ’ ,  ‘ Lambert -
 Eaton myasthenic syndrome ’ ,  ‘ neuromyotonia ’  in 
combination with  ‘ investigation ’  and  ‘ therapy ’ . All evi-
dence available was evaluated as Class IV  –  case reports, 
case series, and expert opinion  [4] . Thus, no recom-
mendations reach Level A, B, or C  [4] . However, Good 
Practice Points (GPP) were agreed by consensus.  

  Paraneoplastic  l imbic  e ncephalitis 

  Clinical  f eatures 
 Paraneoplastic limbic encephalitis (PLE) is characterized 
by the acute, or subacute, onset of symptoms that suggest 
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   Background 

 Paraneoplastic neurological syndromes (PNS) were ini-
tially defi ned as neurological syndromes of unknown 
cause that often antedate the diagnosis of an underlying, 
usually not clinically evident, cancer. In the past two 
decades, the discovery that many PNS are associated with 
antibodies against neural antigens expressed by the 
tumour (onconeural antibodies) has suggested that some 
PNS are immune mediated. PNS are rare and occur in 
less than 1% of patients with cancer, although convincing 
epidemiologic data are missing. However, the diagnosis 
and treatment is important because the disability caused 
by the PNS is often severe and the correct diagnosis 
usually leads to the discovery of a small tumour with a 
chance of being cured (table  31.1 ). Recommended diag-
nostic criteria for PNS have been published by the PNS 
Euronetwork  [1] . In this paper, the European Federation 
of Neurological Societies (EFNS) task force, as part of the 
PNS Euronetwork, has outlined guidelines for the man-
agement of classical PNS.    

  Methods 

 The task force considered the different syndromes known 
as paraneoplastic and chose to focus on classical PNS  [1] : 

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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  Table 31.1    Treatment of paraneoplastic neurological syndromes. 

   Paraneoplastic 
syndrome  

   Common 
associated 
tumours  

   Onconeural 
antibodies  

   Response to 
symptomatic 
treatment  

   Response to 
immunotherapy  

   Response to 
tumour therapy  

  Limbic encephalitis    SCLC 
 Testicular 
 Breast 
 Hodgkin ’ s 
 Ovarian 

teratoma 
 Thymoma  

  Hu, CV2/CRMP5, 
amphiphysin, 
AMPAR, VGKC 

 Ma2 
 AMPAR 
 None 
 NMDAR, not specifi c 

for paraneoplasia 
 CV2/CRMP5, GAD, 

AMPAR, VGKC, 
but not specifi c 
for paraneoplasia  

  Yes    Good in patients 
with NMDAR 
or VGKC 
antibodies. Bad 
in patients with 
onconeural 
antibodies 
other than 

 Ma2  

  Yes, patients 
often stabilize 
if treated early  

  Subacute sensory 
neuronopathy  

  SCLC 
 Breast 
 Ovarian sarcoma 
 Hodgkin ’ s  

  Hu 
 CV2/CRMP5  

  Yes    Rare    Yes, especially 
when treated 
early  

  Cerebellar 
degeneration  

  Ovary 
 Breast 
 SCLC 
 Hodgkin ’ s  

  Yo 
 Hu 
 Tr 
 CV2/CRMP5 VGCC, 

but not specifi c 
for paraneoplasia  

  Yes    Rare    Yes, especially in 
Hodgkin ’ s  

  Opsoclonus -  
myoclonus  

  Lung 
 Breast 
 Gynaecological 

tumours 
 Melanoma 
 Histocytoma 
 Neuroblastoma 

in children  

  Ri 
 Hu 
 Ma2 
 Amphiphysin 
 Often none, 

especially in 
children  

  Yes    Occasionally in 
adults. Often in 
children  

  Yes  

  Lambert - Eaton 
myasthenic 
 syndrome  

  SCLC    VGCC, but not 
specifi c for 
paraneoplasia  

  Yes    Yes    Yes  

  Peripheral nerve 
hyperexcitability 
syndromes  

  Thymoma 
 SCLC 
 Non - SCLC 
 Hodgkin ’ s 
 Plasmacytoma  

  VGKC, but not 
specifi c for 
paraneoplasia  

  Yes    Yes    Yes  

involvement of the limbic system. Patients may develop 
short - term memory loss or amnesia, become disoriented, 
or may show psychosis including visual or auditory hal-
lucinations, or paranoid obsession. Confusion, depres-
sion, and anxiety are also common. Generalized or partial 
complex seizures are seen in about 50% of patients. In 

the majority of patients, the symptoms antedate the diag-
nosis of a tumour by a mean of 3 – 5 months. PLE is 
preferentially associated with small - cell lung cancer 
(SCLC) (40%), germ cell tumours of the testis (20%), 
breast cancer (8%), Hodgkin ’ s lymphoma, thymoma, and 
immature teratoma  [5] .  
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(1) Voltage - gated potassium channel (VGKC) antibodies 
can be associated with PLE and thymoma and SCLC, 
although the great majority of patients with these anti-
bodies present with non - paraneoplastic LE  [10 – 12] . (2) 
Anti - N - methyl - D - aspartate (NMDA) receptor - associated 
encephalitis is a recently described disorder that usually 
affects young women. A few days after prodromic fever 
or headache, most patients develop a syndrome that 
predictably evolves in stages, including prominent 
psychiatric symptoms (agitation, delusional thoughts, 
hallucinations) or less frequently short - term memory 
loss, seizures, progressive unresponsiveness (catatonia -
 like stage), central hypoventilation, autonomic instability 
(fl uctuations of blood pressure, temperature, and cardiac 
rhythm), orofacial dyskinesias, and limb choreoathetosis 
and dystonia. Intensive care support and ventilation may 
be required for several weeks or many months. The 
majority of patients do not fulfi l the criteria of classical 
LE and only 50% have an underlying ovarian teratoma 
or more rarely other tumours such as SCLC  [13] . (3) A 
recent study reported the presence of antibodies against 
the GLUR1 or 2 subunits of the    - amino - 3 - hydroxy - 5 -
 methyl - 4 - isoxazoleproprionic acid receptor (AMPAR) of 
glutamate. The 10 patients described had classical LE. 
The median age was 60 years (38 – 87 years) and nine were 
women. Seven had tumours of the lung, breast, or thymus 
 [14] . An important practical point is that patients with 
PLE may harbour both onconeural and anti - receptor 
antibodies  [15] . 

 Patients older than 40 years, smokers, and with Hu 
antibody have to be investigated for the presence of a 
SCLC. Anti - Hu - positive patients could also have extra-
thoracic tumours, but these can be considered responsi-
ble for PLE only when they express Hu antigens  [16] . 
The absence of Hu antibody does not rule out the pres-
ence of SCLC; however, in patients older than 40 years, 
and without onconeural antibodies, the more frequently 
associated tumours are: breast cancer, non - SCLC 
tumours, and thymoma. Imaging studies to detect SCLC 
include high - resolution computed tomography (CT) of 
the chest and PDG - PET if the CT scan is negative  [17, 
18] . Special attention must be addressed to abnormal 
lymph nodes in the mediastinum. Bronchoscopy is 
usually negative. In male patients younger than 40 years, 
the detection of Ma2 antibodies suggests the presence 
of testicular cancer, which should be evaluated with 
ultrasound.  

  Investigation 
 Magnetic resonance imaging (MRI) alterations in PLE are 
seen in about 60% of patients, but the fi gure is probably 
much higher if fl uid attenuation inversion recovery 
(FLAIR) sequences are included in the study. The MRI 
features are most evident on coronal sections and typically 
consist of abnormal high - signal intensity on T2 sequences 
in one or both medial temporal lobe(s). On T1 sequences 
the temporal - limbic area may be hypointense and atro-
phic and rarely enhance with contrast injection  [6] . In 
the absence of MRI abnormalities, fl uorodeoxyglucose -
 positron emission tomography (FDG - PET) studies 
should show an increased tracer activity in the medial 
temporal lobe, which may refl ect an acute stage of the 
infl ammatory process  [7] . In 45% of patients, electroen-
cephalogram (EEG) reveals epileptic abnormalities from 
the temporal lobe, but in the majority of patients it shows 
unilateral or bilateral temporal slow waves. Cerebrospinal 
fl uid (CSF) examinations show infl ammatory signs (e.g. 
pleocytosis, oligoclonal bands) in about 60% of patients. 

 Antineuronal antibodies may be found in the serum 
and CSF of about 60% of patients with PLE. Two types 
of antibodies have been characterized: (1) onconeural 
antibodies that target intracellular antigens and are 
tightly associated with the presence of an underlying 
tumour, and (2) antibodies against surface receptors that 
are present in patients with limbic encephalitis that may 
or may not be paraneoplastic. 

 The most frequent onconeuronal antibodies are: anti -
 Hu, anti - Ma2 (with or without anti - Ma1), anti - CV2/
CRMP5, and anti - amphiphysin. Seventy - eight per cent of 
patients with PLE and anti - Hu have symptoms that 
suggest a dysfunction in areas of the nervous system other 
than the limbic system. In fact, PLE may be the presenting 
or the predominant disorder of patients with paraneo-
plastic encephalomyelitis (PEM) or the  ‘ anti - Hu synd-
rome ’ . These patients usually are older than 40 years, and 
the related tumour is a SCLC. Patients with only Ma2 
antibodies are usually male, younger than 40 years, and 
clinically present with symptoms of diencephalic and 
upper brainstem dysfunction. The MRI evaluation is more 
likely to present abnormalities in medial temporal lobes, 
hypothalamus, basal ganglia, thalamus, or upper brain-
stem collicular region  [8] . CV2/CRMP5 antibodies are 
instead detected in patients with thymoma or SCLC  [9] . 

 Three types of antibodies against different surface neu-
ronal receptors have been identifi ed in patients with PLE. 
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criteria of paraneoplastic SSN  [1]  that have proved to be 
effi cient  [21] .  

  Investigation 
 CSF analysis may show elevated protein concentration, 
pleocytosis, and sometimes oligoclonal bands. Electro-
physiologically, the hallmark is a severe and diffuse alter-
ation of sensory nerve action potentials that are either 
absent or markedly reduced  [22] . Motor conduction 
velocities can be mildly altered. Nerve biopsy is usually 
not necessary, but may sometimes be helpful to distin-
guish SSN from multiple mononeuropathy due to vascu-
litis  [23] . 

 Hu antibodies are most often associated with SSN. 
Their estimated specifi city in the diagnosis of cancer in 
patients suspected to have SSN is 99%, but the sensitivity 
is 82%  [24] . The absence of Hu antibodies does not 
exclude the presence of an underlying cancer. CV2/
CRMP5 antibodies also occur with peripheral neuropa-
thies  [25, 26] . In this setting, the neuropathy is usually 
sensory or sensori - motor, in which upper limbs are less 
frequently involved, but often associated with cerebellar 
ataxia  [9, 27] . The electrophysiological pattern is axonal 
or mixed axonal and demyelinating. SCLC, neuroendo-
crine tumours, and thymoma are usually associated with 
CV2/CRMP5 antibodies. When high - resolution CT of 
the chest is negative, FDG - PET is recommended  [17, 18] .  

  Therapy 
 In a retrospective study of 200 patients with PEM/SSN, 
treatment of the tumour was an independent predictor 
of improvement and stabilization of the neurological dis-
order  [16] , arguing that an early diagnosis of the cancer 
may give the patients the best chance of stabilizing the 
neurological disorder. Several uncontrolled trials using 
intravenous immunoglobulin, steroids, plasma exchange, 
rituximab, or cyclophosphamide have been performed in 
small series of patients with PNS including SSN  [28 – 31] . 
The effect of these treatments is diffi cult to assess, but 
patients with neuropathy or a recent onset of the PNS 
may sometimes show benefi ts. However, a larger series 
failed to demonstrate a clear benefi t of intravenous 
immunoglobulin, steroids, plasma exchange, or cyclo-
phosphamide, alone or in combination  [29] . Symptom-
atic treatment is directed against neuropathic pain, 
sensory ataxia, and dysautonomic manifestation, such as 
orthostatic hypotension.   

  Therapy 
 Early detection and treatment of the underlying tumour 
is the approach that offers the greatest chance for neu-
rological improvement or symptom stabilization. In 
men with only Ma2 antibodies, elective orchidectomy 
and serial examination of the testicle to rule out in situ 
carcinomas is indicated in patients at high risk of tes-
ticular cancer, suggested by the presence of calcifi cations 
or undescended testicle. The increasing evidence that 
PLE is immune - mediated has prompted the use of 
immune - modulating therapies. There are no reports 
that indicate which kind of immune therapy should be 
used. Patients are usually treated with one or more of 
the following: intravenous immunoglobulin, plasma 
exchange, or steroids  [5] . Patients with antibodies 
against surface antigens usually respond to immuno-
therapy. PLE without onconeural antibodies and those 
with Ma2 antibodies (with or without anti - Ma1) may 
also respond to immune therapy  [5] . Symptomatic 
therapy of PLE is directed against epilepsy and psychi-
atric symptoms.   

  Subacute  s ensory  n euronopathy 

  Clinical  f eatures 
 Several neuropathies have been reported as paraneoplas-
tic, but only subacute sensory neuronopathy (SSN) is 
regarded as a classical PNS  [1] . SSN is associated with 
SCLC in 70 – 80% of cases, but may also occur with breast 
cancer, ovarian cancer, sarcoma, or Hodgkin ’ s disease 
 [19] . SSN precedes the overt clinical manifestations of the 
cancer with a median delay of 4.5 months  [16] . The onset 
of SSN is usually subacute and rapidly progressive over 
weeks before a plateau phase is reached. The distribution 
is frequently multifocal or asymmetrical. Symptoms 
consist of pain and paraesthesiae  [16] . Upper limbs are 
usually affected fi rst or almost invariably involved with 
the evolution. Sensory loss, especially affecting deep sen-
sation, often leads to severe sensory ataxia and tendon 
refl exes are absent. Sensory loss may also affect the face, 
chest, or abdomen. Many patients become bedridden, but 
also an indolent course has been reported  [20] . SSN 
occurs in 74% of patients with PEM and is predominant 
in 50 – 60% and clinically pure in 24%  [16] . Autonomic 
neuropathy including digestive pseudo - obstruction is 
frequent. These features were used to propose diagnosis 
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plastic opsoclonus - myoclonus (POM). The associated 
cancers are breast or lung cancer. Some cases of PCD have 
been reported in association with antibodies against 
amphiphysin, Ma2, Zic4, mGluR1, or VGCC  [1, 35] . 
When VGCC antibodies are present, LEMS can be associ-
ated with PCD  [33, 36] . The absence of onconeural anti-
bodies cannot rule out the diagnosis of PCD, as only 50% 
of patients with PCD harbour such antibodies  [33] . 

 If a SCLC is suspected, the tumour is generally dem-
onstrated by high - resolution CT of the chest. Special 
attention must be addressed to abnormal lymph nodes 
in the mediastinum. Bronchoscopy is usually negative. 
The use of FDG - PET should be reserved for patients with 
onconeural antibodies when conventional imaging fails 
to identify a tumour  [17, 18] . In patients without onco-
neural antibodies, the sensitivity and specifi city of FDG -
 PET is poorer. If a gynaecological tumour is suspected, 
careful breast and pelvic examination, mammography, 
and pelvic CT are recommended. If no malignancy is 
revealed with this initial work - up, surgical exploration 
and removal of the ovaries may be warranted, particu-
larly in postmenopausal women with Yo antibodies  [32] .  

  Therapy 
 The best chance to at least stabilize the syndrome is to 
treat the underlying tumour  [35] . Immune therapy is 
rarely effective, and only few patients have been reported 
with improvement after intravenous immunoglobulin, 
steroids, or plasmapheresis  [29, 30, 37] . Patients with 
anti - Tr and Hodgkin ’ s disease are more likely to improve 
than those with other antibodies  [34] . In patients with Yo 
antibodies, the prognosis is worse in patients with ovarian 
cancer and better in patients with breast cancer  [38] . The 
prognosis is also better in PCD patients without onco-
neural antibodies than in patients with Hu antibodies 
 [33] . Symptomatic treatment of cerebellar ataxia includes 
neurorehabilitation with speech and swallowing therapy, 
and modest additional gains can be seen with proprano-
lol or antiepileptic drugs.   

  Paraneoplastic 
 o psoclonus -  m yoclonus 

  Clinical  f eatures 
 Opsoclonus means involuntary eye movements in any 
direction. It does not remit in darkness and with eyes 

  Paraneoplastic  c erebellar 
 d egeneration 

  Clinical  f eatures 
 Paraneoplastic cerebellar degeneration (PCD) is charac-
terized by subacute development of a severe pancerebel-
lar dysfunction. Cerebellar signs usually begin with gait 
ataxia and, over a few weeks or months, progress to 
severe, usually symmetrical truncal and limb ataxia, with 
dysarthria and often nystagmus  [32] . Occasionally, the 
onset is rapid, within a few hours or days. Vertigo is 
common, and many patients complain of diplopia. The 
cerebellar defi cit usually stabilizes, but, the patient is then 
often severely incapacitated and most become bed - bound 
in the fi rst 3 months after diagnosis. PCD is preferentially 
associated with ovarian cancer, breast cancer, SCLC, or 
Hodgkin ’ s disease.  

  Investigation 
 Brain MRI studies are initially normal, but can demon-
strate cerebellar atrophy in the latter stages of the disease. 
CSF examination shows infl ammatory signs without 
cancer cells (e.g. pleocytosis, oligoclonal bands) in about 
60% of PCD patients. 

 Yo antibodies are most frequently associated with 
PCD. These patients are mainly female with an average 
age of 61 years. The associated cancer is ovary, breast, or 
other gynaecological malignancies. Patients with Hu 
antibodies differ from those with anti - Yo in terms of a 
frequent association with SCLC, the same frequency in 
male and female, and often other neurological manifesta-
tions as part of PEM  [16] . Between 13 and 20% of 
patients with Hu antibodies present with a subacute cer-
ebellar syndrome that, in the initial stage, cannot be dif-
ferentiated from PCD  [16] . Neuropathy is observed in 
60% of patients with PCD and CV2/CRMP5 antibodies 
 [9, 27]  and such antibodies are observed in about 7% of 
patients with PCD  [33] . Patients with CV2/CRMP5 anti-
bodies are mainly male (70%) with an average age of 62 
years. The most frequently associated tumour is SCLC 
(60%). Tr antibodies are markers of patients with PCD 
and Hodgkin ’ s disease, which is the third most common 
associated cancer with PCD, after SCLC and ovarian 
cancer. Unlike other antibodies, anti - Tr usually disap-
pears after treatment of the tumour or, in a few patients, 
is only found in the CSF  [34] . Ri antibodies are mainly 
observed in patients with cerebellar ataxia and paraneo-
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intravenous immunoglobulin, plasma exchange, or 
plasma fi ltration with a protein A column has been 
described in single cases  [42, 61, 67, 68] . Symptomatic 
therapy of nystagmus and oscillopsia includes the use of 
various anti - epileptic drugs, baclofen, or propranolol 
 [41] . Myoclonus can be treated with anti - epileptic drugs. 
In children, trazodone may improve sleep disturbances 
and rage attacks  [69] .   

  Lambert - Eaton  m yasthenic 
 s yndrome 

  Clinical  f eatures 
 In more than 90% of the patients, muscle weakness 
starts proximal in the legs. Weakness can spread to other 
skeletal muscles in a caudo - cranial order, but only rarely 
leads to need for artifi cial respiration. Ptosis, ophthal-
moplegia, and diplopia tend to be less frequent and 
milder than in myasthenia gravis  [61] . Autonomic 
dysfunction is characterized by the presence of a dry 
mouth, dryness of the eyes, blurred vision, impotence, 
constipation, impaired sweating, or orthostatic hypoten-
sion  [70] . The autonomic dysfunction is mostly mild 
to moderate, in contrast to the severe disabling auto-
nomic dysfunction sometimes found in SSN/PEM. In 
less than 10% of cases, patients with Lambert - Eaton 
myasthenic syndrome (LEMS) and SCLC develop PCD   
 [33, 36, 71] .  

  Investigation 
 Electrophysiological studies show a reduced amplitude of 
the compound muscle action potential (CMAP) after 
nerve stimulation with decrement at low - frequency stim-
ulation (3   Hz) of more than 10%, and an increment of 
more than 100% after maximum voluntary contraction 
of the muscle for 15   s. Increment is in fact normalization 
of the initial low CMAP. Thus, increment will not be 
found if the initial CMAP is normal. High - frequency 
stimulation at   20   Hz also produces an increased incre-
ment, but is painful and not usually necessary. Anti - P/Q -
 type VGCC antibodies are present in the serum of at least 
85% of the patients  [72] . These antibodies are found in 
both forms of LEMS, with or without SCLC. Antibodies 
to N - type VGCC have also been found in the serum, but 
their contribution to the muscle weakness or autonomic 

closed, and may occur intermittently or, if more severe, 
constantly. In paraneoplastic opsoclonus - myoclonus 
(POM), opsoclonus is often accompanied by cerebellar 
signs such as gait ataxia and limb myoclonus, the so -
 called dancing eyes, dancing feet syndrome, and encepha-
lopathy  [39 – 41] . In contrast to most paraneoplastic 
syndromes, the course of POM may be remitting and 
relapsing  [39, 42] . 

 In infants, the most common associated tumour is 
neuroblastoma  [43, 44] . In adults, it is lung cancer, breast 
cancer, or a gynaecological cancer such as ovary or uterus 
 [45 – 47] . The association with other tumours on a single -
 case basis has been reported, such as melanoma  [48, 49] , 
malignant fi brous histiocytoma  [50] , ovarian teratoma 
 [51] , esthesioneuroblastoma  [52] , renal adenocarcinoma 
 [53] , and non - Hodgkin ’ s lymphoma  [54, 55] .  

  Investigation 
 Brain MRI studies are generally normal, while examina-
tion of the CSF may show mild pleocytosis and protein 
elevation. Most infant  [56, 57]  and adult patients do not 
harbour a clearly defi ned onconeural antibody  [45, 58] . 
In those who do, anti - Hu, anti - amphiphysin, anti - Ri, or 
anti - Ma2 may be found  [45, 59 – 61] . 

 In children, the search for an occult neuroblastoma 
should include imaging of the chest and abdomen (CT 
scan or MRI), urine catecholamine measurements (VMA 
and HVA), and metaiodobenzylguanidine (MIBG) scan 
 [62] . When negative, the evaluation should be repeated 
after several months  [63] . 

 Initial investigation in adult patients suspected of 
POM should be directed at tumours associated with this 
condition, that is, high - resolution CT of the chest and 
abdomen, and gynaecological examination and mam-
mography in women  [45] . When this evaluation is nega-
tive, FDG - PET should be considered  [17, 18] .  

  Therapy 
 Tumour therapy is the mainstay of management  [45] . In 
the paediatric population, POM may improve following 
treatment with adrenocorticotropic hormone (ACTH), 
steroids, or intravenous immunoglobulin, but residual 
CNS signs are frequent  [43, 63 – 66] . In contrast to idio-
pathic OM, no clear advantage of immune therapy has 
been demonstrated in adult POM  [45] . Improvement 
following steroids, cyclophosphamide, azathioprine, 
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  Paraneoplastic  p eripheral  n erve 
 h yperexcitability  s yndromes 

  Clinical  f eatures 
 The commonest form of peripheral nerve hyperexcit-
ability (PNH) (neuromyotonia, Isaacs ’  syndrome) is 
autoimmune and often caused by antibodies to VGKC 
 [80] . Paraneoplastic PNH (PPNH) is present in up to 
25% of the patients and can predate the detection of a 
tumour by up to 4 years  [81] . In a study of 60 patients, 
seven (12%) had a thymoma with myasthenia gravis 
(MG), two (3%) had a thymoma without clinical MG, 
four (7%) had a SCLC, and one (2%) had a lung adeno-
carcinoma  [81] . PPNH can also occur with Hodgkin ’ s 
disease  [82, 83]  and plasmacytoma  [84] . 

 The clinical hallmark of PNH is spontaneous and con-
tinuous skeletal muscle overactivity, usually presenting as 
twitching and painful cramps and often accompanied by 
various combinations of stiffness, pseudomyotonia, 
pseudotetany, and weakness  [85] . About 33% of patients 
also have sensory features and up to 50% have hyperhi-
drosis, suggesting autonomic involvement. CNS features 
can occur, ranging from personality change and insom-
nia to a psychosis with delusions, hallucinations, and 
autonomic disturbance (Morvan ’ s syndrome).  

  Investigation 
 EMG helps to confi rm PNH and excludes other causes of 
continuous muscle overactivity such as stiff limb syn-
dromes  [85] . Nerve conduction studies may characterize 
an underlying peripheral neuropathy  [81, 85] . 

 There is no antibody that indicates whether PNH is 
paraneoplastic. VGKC antibodies are found in about 35% 
of all acquired PNH patients, although this rises to 80% 
in those with thymoma  [80] . VGKC antibodies can also 
be associated with PLE and thymoma without PNH, or 
with non - paraneoplastic LE  [10 – 12] . Hu antibodies can 
be helpful as one PPNH patient had SCLC  [86] . Serum 
and urine screening for a paraprotein can help identify a 
plasmacytoma  [84] . 

 Most adults warrant a post - contrast CT mediastinum 
scan as up to 15% of patients have a thymoma, some-
times in the absence of MG or AChR antibodies  [81] . 
This is combined with a high - resolution CT of the chest, 
as about 10% of PNH patients will have a SCLC or 
adenocarcinoma  [81] . Chest CT may also help detect 

dysfunction is probably small. They are not used for diag-
nostic purposes. 

 In half of the LEMS patients, a SCLC will be found. The 
SCLC is detected within 1 year in 96% of the patients  [71] . 
A retrospective study of 77 patients with LEMS showed 
that patients who had been smoking and were HLA - B8 -
 negative had a 69% chance of developing SCLC. On the 
other hand, none of 24 patients who never smoked and 
were HLA - B8 - positive developed SCLC  [73] . Recently, a 
new serum antibody was described that appears to be very 
specifi c for the presence of a SCLC in patients with LEMS. 
This SOX antibody is present in 64% of the patients with 
LEMS and SCLC, and in 22% of the patients with SCLC 
and no clinical paraneoplastic syndrome  [74] . Thus, 
although the specifi city is high (95%), the sensitivity is 
moderate (65%), as the antibody is absent in about one -
 third of LEMS patients with a SCLC  [75] . 

 It is recommended that all patients are examined by 
high - resolution chest CT, and PDG - PET if the CT scan 
is negative. A bronchoscopy has no additional diagnostic 
value if both these investigations are negative  [71] . If 
chest CT and PDG - PET scan are available, repeated 
screening every 6 months for 2 years is probably suffi -
cient. If no further risk factors for a tumour (smoking, 
older age, HLA - B8, other paraneoplastic syndromes) are 
present, screening can most likely stop after two rounds 
of screening at a 6 - month interval  [71] .  

  Therapy 
 For patients with a SCLC it is important to treat the 
tumour. Specifi c tumour therapy in a small retrospective 
series resulted in recovery from the neurological syn-
drome within 6 – 12 months  [76] . One patient remained 
tumour - free after radiotherapy and local resection at 12 
years. Chemotherapy, which is the fi rst choice of tumour 
treatment, will also have an immunosuppressive effect on 
LEMS. It has been shown that the presence of LEMS in 
patients with SCLC improves survival  [77] . Symptomatic 
treatment consists of 3,4 - diaminopyridine    [78] . A recent 
double - blind crossover trial with intravenous adminis-
tration of 3,4 - DAP, pyridostigmin, or both confi rmed the 
therapeutic value of 3,4 - DAP, but could not demonstrate 
an additional role for pyridostigmin  [79] . If this treat-
ment is not suffi cient, steroids, azathioprine, plasma 
exchange, and intravenous immunoglobulin should be 
considered.   
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 [85]  and a fall in VGKC antibody titres  [88] . Experience 
suggests that intravenous immunoglobulin can also help 
 [89]  despite reports that it worsened PNH in one patient 
 [90]  and was less effective than plasma exchange in 
another  [91] . By analogy with LEMS, selected patients 
with severe PPNS refractory to other treatments may 
benefi t from immunomodulatory therapy. 

 Prednisolone, with or without azathioprine or metho-
trexate, has been useful in selected autoimmune PNH 
patients  [85, 92]  including a few patients with thymoma -
 associated PPNH who did not improve after thymectomy 
 [85] . All forms of PNH, including paraneoplastic, usually 
improve with symptomatic treatment using various anti -
 epileptic drugs  [85] .     

Hodgkin ’ s disease  [82, 83] . When the initial tumour 
screen is negative and malignancy is still suspected, PDG -
 PET is the investigation of choice. Monitoring for up to 
4 years is indicated in those at risk of lung cancer  [81] .  

  Treatment 
 PPNH often improves and can remit after treatment of 
cancer  [82, 84 – 86] . The demonstration that most cases 
of PNH are autoimmune has led to trials of immuno-
modulatory therapies in patients, including a few with 
thymoma  [85, 87]  whose symptoms are debilitating or 
refractory to symptomatic therapy. Plasma exchange 
often produces useful clinical improvement lasting about 
6 weeks, accompanied by a reduction in EMG activity 

pulmologist, gynaecologist, or paediatrician, depending on 
the associated tumour.  

   •      Immune therapy (steroids, plasma exchange, or 
intravenous immunoglobulin) usually has no or only 
modest effect on PLE, SSN, or PCD.  

   •      Children with POM may respond to immune therapy, 
whereas no evidence for the effect of such therapy has 
been shown in adults with POM.  

   •      Patients with LEMS or PPNH should be treated with 
immune therapy if symptomatic therapy does not give 
suffi cient improvement.  

   •      Symptomatic therapy should be offered to all patients with 
PNS.     

 Recommendations 
        •      Patients with PNS most often present with neurological 

symptoms before an underlying tumour is detected. 
Onconeural antibodies should be sought in sera from 
patients with suspected PNS. The antibodies are important 
for the diagnosis and tumour search.  

   •      Radiological investigations for tumours, such as high -
 resolution CT for the detection of SCLC, are important, but 
should be followed by PDG - PET if no tumour is found.  

   •      Patients should be followed at regular intervals, for example 
every 6 months for up to 4 years, to search for tumour in 
cases where the initial tumour screen was negative.  

   •      Early detection and treatment of the tumour is the approach 
that offers the greatest chance for PNS stabilization. This 
should be done in cooperation with an oncologist, 
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space or during ocular following of moving scenes and 
acts to  preserve  clear vision (vestibular and optokinetic 
nystagmus respectively). In contrast, pathological nystag-
mus causes the eyes to drift away from the visual target, 
thus degrading vision. Most commonly, nystagmus con-
sists of an alternation of unidirectional drifts away from 
the target, e.g. due to a vestibular imbalance, and their 
correction by fast movements (saccades), which tempo-
rarily bring the visual target back to the fovea; this is jerk 
nystagmus. Another rarer form, pendular nystagmus, 
consists of to - and - fro quasi - sinusoidal eye oscillations. 
Nystagmus should be distinguished from inappropriate 
saccades that prevent steady fi xation (e.g. ocular fl utter). 
Saccades are fast movements, and the smeared retinal 
signal due to these movements remains largely unprec-
eived. However, patients in whom abnormal saccades 
repeatedly misdirect the fovea often complain of diffi -
culty in reading. In general most of the later in life 
acquired nytagmus syndromes as well as saccadic oscilla-
tions cause oscillopsia and vertigo; in contrast, most of 
the congenital or in early youth acquired nystagmus syn-
dromes are not accompanied by oscillopsia. The recom-
mendations are a revised and extended version of the 
2004 guidelines  [3] .  

  Methods 

 One member of the task force panel (AS) searched 
through all available published information using the 
database MEDLINE (last search September 2009). The 
search was restricted to papers published in English, 
French, or German. The key words used for the search 
included the following sequences:  ‘ nystagmus and 
therapy ’ ,  ‘ treatment of ocular motor disorders ’ , and 
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   Introduction 

 One function of the ocular motor system is to stabilize 
images during eye and head movements on the retina 
(especially the central fovea). Involuntary or abnormal 
eye movements cause excessive motion of images on the 
retina without a corresponding efference copy (or corol-
lary discharge)  [1] , leading to blurred vision and to the 
illusion that the seen world is moving (oscillopsia). This 
leads to spatial disorientation, impaired postural balance 
and vertigo. In clinical practice, the identifi cation of spe-
cifi c eye movement abnormalities is often useful in the 
topological diagnosis of a broad range of disorders that 
affect the brain. Although we now know quite a lot about 
the anatomy, physiology, and pharmacology of the ocular 
motor system, our treatment options for abnormal eye 
movements remain fairly limited. Most drug treatments 
are based on case reports. Only recently several small 
controlled trials have been published, and they were all 
based on a small number of subjects, and not all patients 
always respond positively to the treatment. Thus, all treat-
ment recommendations have to be classifi ed as Class C 
 [2] . The goal of the paper is to summarize all published 
treatment options for nystagmus and oscillopsia as well as 
to provide a short overview on defi nitions and patho-
mechanisms of certain distinct ocular motor syndromes. 

 A large part of this review concerns nystagmus, which 
is defi ned as repetitive, to - and - fro involuntary eye move-
ments that are initiated by slow drifts of the eye. Physi-
ological nystagmus occurs during rotation of the body in 
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especially on lateral gaze. It also often becomes evident 
or is increased by placing the patient in a head - hanging 
position, or by tipping the head forward. In many 
patients with vestibulo - cerebellar atrophy, the drift 
velocity increases in prone position and is minimal in 
supine position  [5] . As a result, many cerebellar patients 
report better reading capability when lying on their back. 
In other patients, the gravity - dependence of DBN is 
opposite or missing  [6] . Visual fi xation has little effect 
on its slow - phase speed; convergence may suppress or 
enhance it in some patients. In general, the nystagmus is 
accompanied by a vestibulocerebellar (vermal) ataxia 
with a tendency to fall backwards  [7] . The pathomecha-
nism of downbeat nystagmus remains unclear. Hypoth-
eses conjectured various defi cits such as an imbalance of 
central vertical vestibular  [8] , asymmetric impairment of 
vertical SP pathways  [9]    or dissociation between internal 
coordinate systems for vertical saccade generation and 
gaze holding  [10] . DBN and associated ocular motor 
signs (impaired vertical smooth pursuit, gaze - evoked 
nystagmus, and gravity dependence of the upward drift) 
can be explained by damage of the inhibitory vertical 
gaze - velocity - sensitive Purkinje cells in the cerebellar 
fl occulus  [11] .   These cells show spontaneous activity and 
a physiological asymmetry in that most of them exhibit 
downward on - directions. A loss of fl occular Purkinje 
cells therefore leads to disinhibition of their brainstem 
target neurons and, consequently, to spontaneous 
upward drift. 

  Aetiology 
 The most common cause of downbeat nystagmus is cer-
ebellar degeneration (hereditary, sporadic, or paraneo-
plastic). Other important causes are Chiari malformation 
and drug intoxication (especially the anticonvulsants and 
lithium). Multiple sclerosis (MS) is an uncommon cause, 
and a congenital form is rare  [12] . In practice, cerebellar 
atrophy, Arnold - Chiari malformation, various cerebellar 
lesions (MS, vascular, tumours), and idiopathic causes 
account for approximately 25% of the cases each  [6] . 
In a recent study about one - third were classifi ed as 
idiopathic and about a half of these patients showed a 
combination of bilateral vestibulopathy, peripheral 
polyneuropathy, and/or cerebellar signs  [13] . There 
seems to be no change over long time of the DBN  [14] . 
Downbeat nystagmus occurs in the channelopathy epi-
sodic ataxia type 2, for which a new treatment option has 
recently been developed  [15] .   

 ‘ treatment of double vision ’ . All published papers were 
included, as only a limited number of controlled studies 
are available. The other members of the task force read 
the fi rst draft of the recommendation and discussed 
changes (informative consensus approach).  

  Supranuclear  o cular  m otor  d isorders 

  Central  v estibular  d isorders 
 The vestibulo - ocular refl ex (VOR) normally generates 
compensatory eye rotations of short latency and in the 
same plane but opposite direction to the head rotation 
that elicits them. Disorders of the vestibular  periphery  
cause nystagmus in a direction that is determined by the 
pattern of the involved labyrinthine semicircular canals. 
The complete, unilateral loss of one labyrinth causes a 
mixed horizontal - torsional nystagmus that is suppressed 
by visual fi xation.  Central  vestibular disorders may also 
cause an imbalance of these refl exes, leading to upbeat, 
downbeat, or torsional nystagmus (see below); typically 
a straight horizontal beating nystagmus (e.g. no rota-
tional component) or nystagmus beats not in the direc-
tion of the stimulated semicircular canal (e.g. cross - 
coupling) is due to a central vestibular lesion. Another 
consequence of vestibular disease is a change in the size 
(gain        eye velocity divided by head velocity) of the 
overall dynamic VOR response. As a result of this change, 
patients complain of oscillopsia during rapid head move-
ments. A VOR gain larger than 1 (i.e. eye velocity exceeds 
head velocity) results from a disinhibition of the brain-
stem circuits responsible for the VOR and is caused by 
central, vestibulo - cerebellar dysfunction. Loss of periph-
eral vestibular function causes impaired vision and oscil-
lopsia during locomotion, due to the inability to 
compensate for the high - frequency head perturbations 
that occur with each footstep, i.e. the gain of the VOR 
remains too low for gaze stabilization after peripheral 
vestibular lesions. The treatment of oscillopsia due to 
bilateral vetibular failure (e.g. idiopathic, gentamycin 
intoxication, postmeningitic, due to autoimmune dis-
eases, and idiopathic  [4] ) is vestibular rehabilitation 
including head - eye coordination exercises. 

  Downbeat  n ystagmus 
 Downbeat nystagmus (DBN) is a central vestibular nys-
tagmus, present when the eyes are close or in the primary 
gaze position; it usually increases on down gaze and 
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  Aetiology 
 The main causes are MS, tumours of the brainstem, Wer-
nicke ’ s encephalopathy, cerebellar degeneration, and 
intoxication (e.g. nicotine), which may be the causes for 
lesions in the ascending pathways from the anterior 
canals (and/or the otoliths) at the pontomesencephalic or 
pontomedullary junction, near the perihypoglossal 
nuclei  [16] . Upbeat nystagmus is most often seen after 
medullary lesions  [17] , but can also be seen after pontine 
lesion along the ventral tegmental tract, which originates 
in the superior vestibular nucleus  [18] .       

  Upbeat  n ystagmus 
 Upbeat nystagmus (UBN) is present with the eyes close 
to the central position and usually increases on up gaze. 
Vertical smooth pursuit is usually disrupted by the nys-
tagmus. In some patients the upbeat nystagmus changes 
to downbeat nystagmus during convergence. UBN can 
appear as a result of a pontine lesion along the ventral 
tegmental tract, which originates in the superior vestibu-
lar nucleus. The associated relative hypoactivity of the 
drive to the motoneurons of the elevator muscles results 
in a downward drift. 

 Recommendations 
    Alcohol had a benefi cial effect (1.2   g/kg body weight) in two 
patients  [33, 34] , but this cannot be recommended as 
treatment, as did clonazepam  [35] . Recently, Averbruch -
 Heller  et al.   [21] reported on three patients with a seesaw 
component to their pendular nystagmus, who improved on 
gabapentin.  

  Seesaw  n ystagmus 
 Seesaw nystagmus is a rare pendular or jerk oscillation. 
One half - cycle consists of elevation and intorsion of one 
eye with synchronous depression and extorsion of the 
other eye. During the next half - cycle there is a reversal of 
the vertical and torsional movements. The frequency is 
lower in the pendular (2 – 4   Hz) than in the jerk variety. 

  Aetiology 
 Jerk hemi - seesaw nystagmus has been attributed to uni-
lateral meso - diencephalic lesions  [30] , affecting the inter-
stitial nucleus of Cajal and its vestibular afferents from the 
vertical semicircular canals  [31, 32] . The pendular form is 
associated with lesions affecting the optic chiasm. Loss of 
crossed visual input seems to be the crucial element in the 
pathophysiology of pendular seesaw nystagmus  [17] .     

 controlled studies have suggested that the potassium channel 
blockers 3,4 - diaminopyridine (3x20mg/day) and 
4 - aminopyridine (3        10   mg/day) may be effective in reducing 
downbeat nystagmus  [26]  and in improving the VOR and 
smooth pursuit  [27] . A further study in 11 patients with DBN 
due to cerebellar degeneration confi rmed this effect and 
showed that 3,4 - diaminopyridine especially reduce the 
gravity - independent velocity bias  [28] . As downbeat nystagmus 
is generally less pronounced in upward gaze, base - down 
prisms sometimes help to reduce oscillopsia during reading in 
some patients. 

  Upbeat nystagmus.    Treatment with baclofen (5 – 10   mg 
p.o. three times daily) resulted in an improvement in 
several patients  [20] . There are some observations that 
10   mg 4 - aminopyridine three times a day reduces upbeat 
nystagmus  [29] .  

 Recommmendations 
     Downbeat nystagmus .   No studies on the natural course of 
downbeat nystagmus are available. In non - placebo - controlled 
studies with a limited number of patients, administration of 
the GABA - A agonist clonazepam (0.5   mg per os (p.o.) three 
times daily  [19] , the GABA - B agonist baclofen (10   mg p.o. 
three times daily)  [20] , and gabapentin (probably calcium 
channel blocker)  [21]  had positive effects and reduced 
downbeat nystagmus. Intravenous injection of the cholinergic 
drug physostigmine (Ach - esterase inhibitor) worsened 
downbeat nystagmus in fi ve patients. This effect was partially 
reversed in one patient by the anticholinergic drug biperiden, 
suggesting that anticholinergic drugs might be benefi cial, as 
was shown in a double - blind study on intravenous 
scopolamine  [22] . In isolated patients with a craniocervical 
anomaly, a surgical decompression by removal of part of the 
occipital bone in the region of the foramen magnum was 
benefi cial  [23 – 25] ; personal observation). Recent placebo -

  Periodic  a lternating  n ystagmus 
 Periodic alternating nystagmus is a spontaneous horizon-
tal beating nystagmus, the direction of which changes 
periodically. Periods of oscillation range from 1   s to 
4   min, typically 1 – 2   min. When the nystagmus amplitude 
gradually decreases, the nystagmus reverses its direction, 
and then the amplitude increases again. During the nys-
tagmus patients often complain of increasing/decreasing 
oscillopsia. 
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  Aetiology 
 Patients with periodic alternating nystagmus commonly 
have vestibulocerebellar lesions. Their nystagmus also 
disrupts visual fi xation, being present also during normal 
viewing. These observations and animal experiments 
support the idea that this type of nystagmus is caused by 
lesions of the inferior cerebellar vermis (nodulus and 
uvula), leading to a disinhibition of the GABA - ergic 
velocity - storage mechanism, which is mediated in the 
vestibular nuclei  [36, 37] . The underlying aetiologies are 
craniocervical anomalies, MS, cerebellar degenerations 
or tumours, brainstem infarction, anticonvulsant therapy, 
and bilateral visual loss.      

 Recommmendations 
    In general, periodic alternating nystagmus (PAN) does not 
improve spontaneously. Several case reports of acquired as 
well as congenital PAN describe a positive effect of baclofen, 
a GABA - B agonist, in a dose of 5 – 10   mg p.o. three times 
daily  [35, 38 – 42] . Furthermore, phenothiazine and 
barbiturates have been found to be effective in single cases 
 [40, 43] . Recently, also memantine was described as effective 
 [44] . Periodic alternating nystagmus due to bilateral visual 
loss resolves if vision is restored  [45, 46] . In a case of PAN 
associated to a Chiari - malformation a surgical decompression 
resolved the PAN  [47] .  

 Recommmendations 
    Most reports (case reports or case series) state that 
anticholinergic treatment with trihexyphenidyl (20 – 40   mg 
p.o. daily) is effective  [55, 56] , but in a double - blind study by 
Leigh  et al.   [57]  only one of six patients showed 
improvement from this oral treatment, whereas three 
patients showed a decrease in nystagmus and improvement 
of visual acuity during treatment with tridihexethyl chloride 
(a quaternary anticholinergic that does not cross the 
blood – brain barrier). In contrast, Barton  et al.   [22]  found in a 
double - blind trial that scopolamine (0.4   mg intravenous (i.v.)) 
decreased the nystagmus in all fi ve tested patients with 
acquired pendular nystagmus. However, there are even 
observations that scopolamine may make the pendular 
nystagmus worse in some patients  [58] . In three other 
patients the combination with lidocaine (100   mg i.v.) 
decreased nystagmus  [48, 59] . Recently, Starck  et al.   [60]  
reported an improvement in three of 10 patients who 
received a scopolamine patch (containing 1.5   mg 
scopolamine, released at a rate of 0.5   mg per day). The same 
authors failed to observe further improvement when 
scopolamine and mexiletine (400 – 600   mg p.o. daily) were 
given in combination. The most effective substance in their 
study was memantine, a glutamate antagonist, which 
signifi cantly improved the nystagmus in all nine tested 
patients (15 – 60   mg p.o. daily). Two patients responded to 
clonazepam (3        0.5 – 1.0   mg p.o. daily), a GABA - A agonist 
 [60] . In a further crossover study Starck and co - workers  [61]  
showed that memantine as well as gabapentin was able not 
only to reduce the nystagmus but also to improve visual 
acuity. Two other groups have reported benefi t with 
GABA - ergic drugs. Traccis  et al.   [49]  showed improvement in 
one of three patients with APN and cerebellar ataxia due to 
MS when treated with isoniazid (800 – 1000   mg p.o. daily) 

  Non -  v estibular  s upranuclear  o cular 
 m otor  d isorders 

  Acquired  p endular  n ystagmus 
 Acquired pendular nystagmus (APN) is a quasi - sinusoidal 
oscillation that may have a predominantly horizontal, 
vertical, or mixed trajectory (i.e. circular, elliptical, or 
diagonal); it can be predominantly monocular or binocu-
lar  [48 – 51] . The frequency of this type of nystagmus is 
2 – 7   Hz  [52] , and often the nystagmus is associated with 
head titubation (not synchronized with the nystagmus), 
trunk and limb ataxia, palatal myoclonus, or visual 
impairment. 

  Aetiology 
 Acquired pendular nystagmus occurs with several disor-
ders of myelin (MS, toluene abuse, Pelizaeus Merzbacher 

disease), as a component of the syndrome of oculopalatal 
tremor (myoclonus), and in Whipple ’ s disease  [53] ; the 
two more common aetiologies in the adult are MS and 
brainstem stroke  [51] . On the basis of observations that 
the nystagmus is often dissociated and that eye move-
ments other than optokinetic nystagmus and voluntary 
saccades are also disturbed, a lesion in the brainstem near 
the oculomotor nuclei has been suggested  [48] . Alterna-
tively, an inhibition of the inferior olive due to lesions of 
the  ‘ Mollaret triangle ’   [51]  or an instability of the gaze -
 holding network (neural integrator) has been proposed; 
this suggestion has received experimental modelling 
support  [54]  and has led to the proposal of potential 
therapies  [17] .     
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  Congenital  n ystagmus 
 Congenital nystagmus is a fi xational nystagmus and is 
characterized by gaze - dependent involuntary to and fro 
eye movements, which can be pendular, jerky, or elliptic. 
Typically the patients report little or no oscillopsia or 
visual blurring, compared to the fast nystagmus velocities 
seen. The prevalence of congenital nystagmus is esti-
mated to be 1/1000. 

  Aetiology 
 The aetiology is in most cases not known. Most probably 
it is a congenital disturbance of the fi xational system  [75] ; 
this idea is in agreement with the observation that the 
congenital nystagmus can be regularly seen in patients 
with albinism and retinal diseases  [75] .      

 Recommmendations 
    In addition to therapy for any underlying process such as 
tumour or encephalitis, treatment with immunoglobulins or 
prednisolone may be occasionally effective  [70] . Four of fi ve 
patients with square - wave oscillations, probably a related 
fi xation disturbance, showed an improvement on therapy 
with valproic acid  [71]  or in patients with hereditary 
spinocerebellar atxia on therapy with memantine 20   mg/daily 
 [72]   . In single cases an improvement has been observed 
during treatment with propranolol (40 – 80   mg p.o. three 
times daily), nitrazepam (15 – 30   mg p.o. daily), and 
clonazepam (0.5 – 2.0   mg p.o. three times daily) (overview in 
 [35, 73] . Nausieda  et al.   [74]  reported a dramatic 
improvement in one patient after the administration of 
200   mg thiamine i.v.  

 Recommmendations 
    In most cases therapy not necessary. Besides surgical 
inventions  [77]  only a few reports on medical treatment trials 
are reported. Baclofen  [78] , cannabis  [79] , and especially 
memantine and gabapentin are described. In a study with 47 
patients, memantine (up to 40   mg) as well as gabapentine 
(up to 2400   mg) were shown to be superior to placebo and 
both also improved visual acuity  [76] . A similar result was in 
a retrospective study of 23 patients with acquired as well as 
congenital nystagmus reported  [80, 81] .  

and glasses with prisms that induced convergence. This 
observation was not confi rmed by other investigators  [62] . 
Gabapentin substantially improved the nystagmus (and visual 
acuity) in 10 of 15 patients  [21] . Gabapentin was superior to 
vigabatrin in a small series of patients  [63] . Interestingly, 
Mossman  et al.   [64]  described two patients who benefi ted 
from intake of alcohol but not from other substances. 
Recently, a benefi cial effect of cannabis was also reported 
 [65, 66] . 

 Practically, treatment should start with memantine in a 
dosage of 15 – 60   mg p.o. or alternatively 300 – 400   mg 
gabapentin three times daily. If there is no or only a small 
effect, benzodiazepines like clonazepam (0.5 – 1.0   mg p.o. 
three times daily) can be tried. Further possibilities are 
scopolamine patches or trihexyphenidyl.  

  Opsoclonus and  o cular  fl  utter 
 Opsoclonus consists of repetitive bursts of conjugate sac-
cadic oscillations, which have horizontal, vertical, and 
torsional components. During each burst of these high -
 frequency oscillations, the movement is continuous, 
without any intersaccadic interval. These oscillations are 
often triggered by eye closure, convergence, pursuit, and 
saccades; amplitudes range up to 2 – 15 °  (overview in 
 [53] ). In ocular fl utter, the same pattern is restricted to 
the horizontal plane. The ocular symptoms are often 
accompanied by cerebellar signs, such as gait and limb 
myoclonus (the  ‘ dancing feet, dancing eyes syndrome ’ ). 

  Aetiology 
 A functional disturbance of active saccadic suppression 
by the pontine omnipause neurons is the most probable 
pathophysiological mechanism. As histological abnor-
malities of these neurons have not been shown  [67] , a 
functional lesion of the glutaminergic cerebellar projec-
tions from the fastigial nuclei to the omnipause cells is a 
likely cause for their disinhibition. In a functional mag-
netic resonance imaging (fMRI) study, an increased acti-
vation of the fastigial region during opsoclonus was 
shown  [68] . Ramat and colleagues suggested that the 
lesion of the fastigial nucleus interrupts the local feed-
back loop through the cerebellum but not the brainstem 
interconnections  [69] . Opsoclonus can be observed in 
benign cerebellar encephalitis (post - viral, e.g. coxsackie 
B37; post - vaccinal), or as a paraneoplastic symptom 
(infants, neuroblastoma; adults, carcinoma of the lung, 
breast, ovary, or uterus).     
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some patients, such attacks can be triggered by head 
turning  [96] . Clinical examination between the attacks 
may reveal signs of permanent vestibular defi cit, hypoacu-
sis, or facial paresis on the affected side  [97, 98] . Mild 
vestibular defi cits can be found with caloric testing in 
about 70% of the patients  [96] . 

  Aetiology 
 High - resolution magnetic resonance imaging may show 
the compression of the VIII nerve by an artery (most 
often AICA) or seldom a vein in the region of the root 
entry zone of the vestibular nerve in some patients, but 
this can also be seen in subjects without symptoms. The 
neuropathological mechanism may be peripheral ephap-
tic transmission that takes place in the part of the cranial 
nerve still containing central myelin (derived from oligo-
dendroglia), if the nerve has direct contact with a blood 
vessel. This hypothesis is supported by the analysis of 
epidemiological data that show a correlation of the inci-
dence of the syndrome with the anatomical length of the 
central myelin  [99] . Another theory is that the pulsation 
of the blood vessel causes an afferent sensory infl ow that 
then causes a false central response.      

  Nuclear and  i nfranuclear 
 o cular  d isorders 

  Superior  o blique  m yokymia 
 Superior oblique myokymia consists of paroxysmal mon-
ocular high - frequency oscillations. In the primary gaze 
position and in abduction, these oscillations are mainly 
torsional, but when the eyes are in adduction the oscilla-
tions have a vertical component. Voluntary eye move-
ments, as when looking down, can provoke the 
oscillations. The patients usually complain of oscillopsia 
during these paroxysmal attacks. 

  Aetiology 
 The pathophysiology of this condition is not entirely 
clear. In analogy to hemifacial spasm and trigeminal neu-
ralgia, vascular compression of the IV nerve  [82 – 84] , or 
alternatively spontaneous discharges in the IV nerve 
nucleus  [85]  or of the superior oblique muscle may be 
responsible  [86] .     

 Recommmendations 
    Spontaneous remissions, which can last for days up to years, 
are typical of superior oblique myokymia but there are 
several reports that anticonvulsants, especially 
carbamazepine, have a therapeutic effect. Carbamazepine 
(200 – 400   mg p.o. three or four times daily) or, less often, 
phenytoin (250 – 400   mg p.o. daily) are recommended  [87, 
88] ). Gabapentin has also been reported to be effective  [89] . 
Rosenberg and Glaser  [88]  described a decrease in the 
effi cacy of the treatment after a month in some patients. 
Beta - blockers, even topically, have been reported to be 
effective  [90, 91] . In chronic cases that did not improve with 
anticonvulsants, tenotomy of the superior oblique muscle 
was performed, but usually it necessitates inferior oblique 
surgery as well  [92, 93] . Surgical decompression of the IV 
nerve has also been reported to be benefi cial but may result 
in superior oblique palsy  [94, 95] . Practically, treatment 
should be started with carbamazepine (200 – 400   mg p.o. 
three to four times daily) or phenytoin (250 – 400   mg p.o. 
daily).  

 Recommendations 
    As initial therapy, an anticonvulsant should be given  [100] . 
Mean dosages of carbamazepine of about 600   mg/daily and 
of oxacarbazepine of about 900   mg/daily led to a reduction 
of the attack frequency of about 90%  [95] . In general, a 
positive response to antiepileptic drugs can be achieved with 
low dosages. If the symptoms do not cease, a surgical 
approach may be considered  [101] . There are no satisfactory 
follow - up studies, and the diagnostic criteria have not yet 
been fully established.  

  Paroxysmal  v estibular  e pisodes 
 Clinically, the patients describe short, repeated, paroxys-
mal attacks of to - and - fro vertigo and unsteadiness of 
stance or gait lasting usually seconds (to maximally 
minutes), which can sometimes be provoked by particu-
lar head positions. Other symptoms can be tinnitus, 
hyperacusis, or facial contractions during the attacks. In 
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position  [5] . This reduces perfusion pressure of organs, 
especially above heart level, such as the brain. Neurogenic 
OH results from impaired cardiovascular adrenergic 
function. The lesion can be postganglionic as in PAF, or 
preganglionic as in MSA. Other causes of OH are low 
intravascular volume (blood or plasma loss, fl uid or elec-
trolyte loss), impaired cardiac function due to structural 
heart disease, and vasodilatation, due to drugs, alcohol, 
heat  [1] .  

  Objectives 

 Orthostatic hypotension is an under - diagnosed disorder. 
Many new treatment options, pharmacological and non -
 pharmacological, have been published in recent years. 
Evidence - based guidelines for clinical and laboratory 
diagnostic work - up, and therapeutic management of OH 
are provided for physicians involved in the care of such 
patients.  

  Methods 

 Electronic search strategies used the following databases: 
Cochrane library, MEDLINE, Pub Med, and various 
internet search routines, for English publications. Key 
search terms included  ‘ orthostatic hypotension ’ ,  ‘ syncope ’ , 
 ‘ hypotension ’  and  ‘ therapy ’ ,  ‘ treatment ’ , and  ‘ diagnosis ’ , 
and fi rst - year availability of each referenced literature 
database until October 2009. References classifi ed by evi-
dence levels were selected by one individual and checked 
by another investigator. Where there was a lack of 
evidence but consensus was clear, we have stated our 
opinion as Good Practice Points (GPP)  [6] .  
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   Background 

 Orthostatic (postural) hypotension (OH) is a frequent 
cause of syncope and may contribute to morbidity, dis-
ability and even death, because of the potential risk of 
substantial injury  [1] . It may be the initial sign of auto-
nomic failure and cause major symptoms in many 
primary and secondary diseases of the autonomic nervous 
system (ANS) (e.g. pure autonomic failure (PAF), mul-
tiple system atrophy (MSA), Parkinson ’ s disease, demen-
tia with Lewy bodies, pure autonomic failure, autoimmune 
autonomic ganglionopathy, amyloidosis, and diabetic 
autonomic neuropathy). It occurs frequently in elderly 
patients because of therapy (vasoactive drugs, dopamine 
and agonists, antidepressants), reduced fl uid intake, and 
decreased ANS function. The prevalence of OH in patients 
65 years and older has been reported to range from 5 to 
30%  [2] . In Parkinson ’ s disease the prevalence of OH may 
be as high as 60%  [3] . Characteristic symptoms of OH 
include light - headedness, visual blurring, dizziness, gen-
eralized weakness, fatigue, cognitive slowing, leg buckling, 
coat - hanger ache, and gradual or sudden loss of con-
sciousness. Falls with injuries may result. However, a 
recent study demonstrated that one - third of patients with 
severe OH (blood pressure falls        60   mmHg systolic) are 
asymptomatic during head - up tilt test  [4] . 

 Orthostatic hypotension is defi ned by consensus as a 
fall in blood pressure (BP) of at least 20   mmHg systolic 
and/or 10   mm Hg diastolic within 3   min in the upright 
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 HUT is a safe procedure for the diagnosis of OH  [11] . 
However, as syncope and arrhythmias have been 
described, the investigating staff should be adequately 
trained to recognize such problems. Resuscitation equip-
ment and a team experienced in cardiac life support 
should be available at short notice (GPP).    

  Diagnostic  s trategies 

 Tests to investigate OH are considered here and not 
general investigations of the ANS. A limitation is a paucity 
of randomized and blind studies. The wide variation of 
test methods, protocols, and equipment in autonomic 
laboratories make comparison of results diffi cult  [7] . 

 The history is of particular importance and has a high 
diagnostic value (pre - existing disease, detailed descrip-
tion of sequence of symptoms). The initial clinical evalu-
ation should include a detailed physical and neurological 
examination, 12 - lead ECG recording, routine laboratory 
testing, and BP measurements while supine and upright. 
Non - neurogenic causes of OH must be considered, as 
they can exacerbate neurogenic OH. 

 The cardiovascular responses to standing may be 
investigated by recording BP and heart rate while supine 
and for up to 3   min while upright. Passive head - up tilt 
testing (HUT) is recommended if the active standing test 
is negative, especially if the history is suggestive of OH, 
and in patients with motor impairment, as in Parkinson ’ s 
disease, MSA, and spinal cord lesions. Tilt tables with foot 
board support, and if available, devices providing non -
 invasive, automatic, and ideally continuous heart rate 
and BP measurements are recommended  [8] . 

 Protocol: 
   •      Orthostatic testing should take place in a quiet room, 
at a temperature between 20 and 24 ° C. The patient should 
rest while supine for ideally 5   min before HUT is started. 
Emptying the bladder before testing is recommended.  
   •      Passive HUT to an angle between 60 and 80 °  for 3   min 
is recommended for the diagnosis of OH  [9, 10] .  
   •      HUT is considered positive if systolic BP falls below 
20   mmHg and diastolic BP below 10   mmHg of baseline. 
If symptoms occur, the patient should be tilted back to 
the supine position immediately.  
   •      Measurement of plasma noradrenaline levels while 
supine and upright may be of value.  
   •      In contrast with cardiologic guidelines pharmacologi-
cal provocation with sublingual nitro - glycerine or intra-
venous isoproterenol is not recommended to diagnose 
OH as it reduces sensitivity and will result in false -
 positive outcomes  [9] .  
   •      Combination of HUT and physiological measures, 
such as lower body negative pressure application, as used 
in neurally - mediated syncope, is not recommended for 
diagnosis of OH.    

 Recommendations 

  All Level  C  
     •      Structured history taking.  

   •      Detailed physical examination.  

   •      12 - lead ECG recording.  

   •      Routine laboratory testing.  

   •      BP measurements while supine and upright.  

   •      Cardiologic referral, if heart disease or abnormal ECG is 
present or suspected.  

   •      Active standing or HUT, ideally with continuous assessment 
of BP and HR for 3   min.  

   •      Further ANS screening tests, with other appropriate 
investigations, depending on the possible aetiology of the 
underlying disorder  [1] .     

  Management 

 Many new treatment options for OH have been studied 
in the past decade. Controlled trials have been performed 
for drugs and physical therapy. However, many of these 
studies included only small groups of patients with a 
variety of disorders that cause OH, and different diagnos-
tic criteria have been used. If not noted otherwise, studies 
are classifi ed as Class IV  [6] .  

  General  p rinciples 
 In addition to head   up postural change, BP is infl uenced 
by many stimuli in everyday life. These include a hot 
environment, carbohydrate - rich meals, and exercise. The 
physiological mechanisms and individual strategies to 
avoid OH and syncope should be explained to the patients 
and caregivers. The following recommendations are 
mainly a result of panel consensus and qualifi ed as GPP. 

 Elevated environmental temperatures, a hot bath or 
shower, and sauna should be avoided as they cause 
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(20 – 30   cm), particularly in combination with low dose 
fl udrocortisone, improves OH  [20] . 

 To compensate for renal salt loss a liberal intake of salt, 
at least 8   g (150   mmol) of sodium chloride daily, if needed 
as salt tablets (starting dose 500   mg t.i.d.), are recom-
mended. Water repletion (2 – 2.5   l/day) is important, while 
500   ml of water is effective in raising BP immediately  [21] . 

 Cardiac pacing is not recommended in neurogenic 
OH  [22] .  

  Pharmacological  t reatment    

  Plasma  e xpansion 

        Fludrocortisone 
 Fludrocortisone acetate is a synthetic mineralocorticoid 
with minimal glucocorticoid effects. It increases renal 
sodium reabsorbtion and expands plasma volume. 
Sensitization of alpha - adrenoceptors may augment the 
action of noradrenaline. After oral administration, 
fl udrocortisone is readily absorbed and peak plasma 
levels are reached within 45   min. Elimination half - life is 
around 7   h. 

  Review of clinical studies    No Class I and II studies were 
identifi ed. One Class III  [23]  and one Class IV  [24]  study 
have shown an increase in BP and improvement of 
symptoms.     

venous pooling. Prolonged recumbence during daytime 
and sudden head - up postural change, particularly in the 
morning, when BP may be lowered by nocturnal poly-
uria, should be avoided  [12] . Postprandial hypotension 
may increase OH (vasodilatation in splanchnic vessels). 
Large meals, especially carbohydrate - rich, and alcohol 
should be avoided. A carefully controlled and individual-
ized exercise training (swimming, aerobics, and, if pos-
sible, cycling and walking) often improves OH. 

     Supine  h ypertension 
 Supine hypertension may be a problem, resulting from 
medication and/or being part of the disease. Therefore, 
24   h measurement of BP is best before and if needed after 
starting a new therapy. Patients may self - monitor BP, 
daily at about the same time, and when they experience 
symptoms. Pressor medications should be avoided after 
6pm and the bed head elevated (20 – 30   cm). On occasion, 
short - acting antihypertensive drugs may be considered 
(e.g. nitro - glycerine sublingual).    

  Non -  p harmacological  t reatment 
 Avoidance of factors that may induce OH is recom-
mended fi rst line, particularly in mild forms. Educating 
the patients and carers on the mechanisms of OH is 
important. The next step includes a range of non -
 pharmacological strategies. 

 Patients should be advised to move to head - up posi-
tion slowly, sit on the edge of the bed for some minutes 
after recumbence, and activate calf muscles while supine. 
Physical counter manoeuvres can be applied immediately 
at the onset of presyncopal symptoms. They need to be 
explained and trained individually. In case of motor dis-
abilities and compromised balance, as in the cerebellar 
forms of MSA, programmes with appropriate aids have 
to be developed. Leg crossing with tension of the thigh, 
buttock, and calf muscles (party position), bending over 
forward to reduce the orthostatic difference between the 
heart and brain and compress the splanchnic vessels by 
increasing abdominal pressure, squatting to reduce blood 
pooling are effective in temporarily reducing OH  [13 –
 17] . Not all patients can perform these manoeuvres, and 
sitting or lying down, and using a cane that can be folded 
into a tripod chair  [16] , are useful. Elastic stockings and 
abdominal compression bands reduce venous pooling 
and have been shown to be effective in small studies  [18, 
19] . Sleeping with elevation of the head - end of the bed 

 Recommendations 

  All Level  C  
     •      Fludrocortisone as fi rst - line drug monotherapy of OH 

(0.1 – 0.2   mg per day).  

   •      Full benefi t requires a high dietary salt and adequate fl uid 
intake.  

   •      Combination of a high salt diet, head - up tilt sleeping 
(20 – 30   cm) and a low dose of fl udrocortisone (0.1 – 0.2   mg) 
is an effective means of improving OH  [20] .    

 Mild dependent oedema can be expected and 
fl udrocortisone should be used with caution in patients with 
a low serum albumin. Higher doses of fl udrocortisone can 
result in fl uid overload and congestive heart failure, severe 
supine hypertension and hypokalaemia  [25] . To prevent 
hypokalaemia food rich in potassium such as fruits, 
vegetables, poultry, fi sh and meat is advisable. Headache 
may occur, especially while supine.  
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tion. Midodrine does not cross the blood – brain barrier 
after oral administration and does not increase heart rate. 
The absolute bioavailability is 93% and the elimination 
half - life of desglymidodrine is 2 – 3   h. The duration of 
action of midodrine is approximately 4   h. It is excreted 
mainly in urine. 

  Review of clinical studies    Class I: One dose - response 
study  [26]  and two studies with a total number of 259 
patients investigating the effi cacy, safety, and tolerability 
of long - term midodrine application  [27, 28]  were identi-
fi ed. An increase in orthostatic BP and decrease in OH -
 related symptoms were reported. 

 Class III: Effi cacy and safety were higher with mido-
drine than with ephedrine  [29] . 

 Class IV: Midodrine reduced exercise induced OH in 
PAF  [30] .    

  Alpha  r eceptor  a gonists 
 There are many sympathomimetic drugs that act on 
alpha - adrenoceptors. Midodrine has been investigated 
extensively. Adrenaline (epinephrine) and noradrenaline 
(norepinephrine) are inactive when administered orally, 
and rapidly inactivated in the body after infusion. 
Common adverse effects of sympathomimetics with a 
central action such as ephedrine, are tachycardia, anxiety, 
restlessness, insomnia, and tremor. Dry mouth, impaired 
circulation to the extremities, supine hypertension, and 
cardiac arrhythmias may occur. 

  Midodrine 
 Midodrine is a prodrug with an active metabolite, 
desglymidodrine, that is a peripherally acting alpha - 1 -
 adrenoceptor agonist. It increases BP via vasoconstric-

 Recommendations 

  Level  A  
 In a dosage between 200   mg and 400   mg per day, L - DOPS 
reduces OH. It is the only effective treatment of dopamine 
beta - hydroxylase defi ciency. In all studies reviewed, no major 
side effects were reported. Future studies will have to 
investigate which patient groups benefi t most from this drug.  

   DOPS  
 Dihydroxyphenylserine (DOPS) is a prodrug which is 
converted by dopadecarboxylase to noradrenaline. 

  Review of clinical studies    Class I: Administration of 
200   mg and 400   mg L - DOPS daily improved OH symp-
toms in 146 chronic haemodialysis patients  [33] . In 
short - term (4 weeks,  n         86) and long - term studies (24 –
 52 weeks,  n         74) the effi cacy of L - DOPS (400   mg/day) 
for OH after dialysis was demonstrated  [34] . 

 Class III: In 20 patients with familial amyloid neuropa-
thy, L - threo - DOPS effectively improves orthostatic toler-
ance  [35] . DL - DOPS improved OH in 10 patients with 
central and peripheral ANS disorders  [36] . In 19 patients 
with severe OH, L - DOPS improved BP and orthostatic 
tolerance  [37] . In 26 MSA and six PAF patients, the 
dosage of 300   mg twice daily L - threo - DOPS was effective 
in controlling symptomatic OH  [38] .     

or general pruritus (10 and 2%), scalp or general 
paraesthesia (9% each), urinary retention (6%), and 
chills (5%).    

 Some patients worsen on midodrine, maybe due to 
adrenoceptor desensitization  [31] . It should be administered 
with caution in patients with hepatic dysfunction and is 
contraindicated in severe heart disease, acute renal failure, 
urinary retention, phaeochromocytoma, and thyrotoxicosis 
 [32] .  

 Recommendations 

  All Level  A  
     •      Midodrine is recommended for mono -  or combined therapy 

(e.g. with fl udrocortisone).  

   •      Initial dosage is 2.5   mg orally two to three times daily 
increasing gradually up to 10   mg t.i.d.  

   •      Supine hypertension is a common (25%) adverse effect and 
may be severe. The last dose should be administered at least 
4   h before going to sleep and BP should be monitored.  

   •      Adverse effects are piloerection (goose bumps, 13%), scalp 

  Octreotide 
 The somatostatin analogue octreotide inhibits release of 
gastrointestinal peptides, some of which have vasodilata-
tory properties. It is administered subcutaneously start-
ing with 25 – 50     g. 

  Review of clinical studies    Four Class III studies were iden-
tifi ed: In 18 PAF patients octreotide reduced postural, 
postprandial, and exertion - induced hypotension without 
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long - term effi cacy and on possible adverse effects have to 
be performed before this treatment can be evaluated.    

  Summary 

     •      OH is defi ned as fall in BP within 3   min of active stand-
ing or HUT.  
   •      The key to managing OH is individually tailored 
therapy. The goal of treatment is to improve the patient ’ s 
functional capacity and quality of life, preventing injury, 
rather than to achieve a target BP.  
   •      Management of patients with OH consists of educa-
tion, advice, and training on various factors that infl u-
ence blood pressure, and special aspects that have to be 
avoided (foods, habits, positions, and drugs).  
   •      Physical measures include leg crossing, squatting, 
elastic abdominal binders and stockings, and careful 
exercise (GPP).  
   •      Increased water (2 – 2.5   l/day) and salt ingestion (  8   g or 
150   mmol per day) effectively improve OH.  
   •      Fludrocortisone is a valuable starter drug (0.1 – 0.2   mg 
per day, Level C). Second - line drugs include sympatho-
mimetics, such as midodrine (start with 2.5   mg b.i.d and 
increase to 10   mg t.i.d, Level A) or ephedrine (15   mg t.i.d., 
GPP). DOPS (200 – 400   mg daily, Level A) reduces OH 
with only minor side effects. It is an effective treatment 
in dopamine beta - hydroxylase defi ciency.  
   •      Supine hypertension has to be considered.  
   •      Individual testing with a series of drugs, based on the 
risk of side effects, pharmacological interactions and 
probability of response in the individual patient, may be 
considered when the measures shown here should not be 
satisfactory.     

  Need of  u pdate 

 These guidelines will be updated when substantial new 
data pertaining to the management of OH become 
available.  

  Confl icts of  i nterest 
 The present guidelines were developed without external 
fi nancial support. None of the authors reports confl icting 
interests.  

 Recommendations 

  Level  C  
 Subcutaneous doses of 25 – 150     g 30   min before a meal may 
be used to reduce postprandial OH. It does not increase 
supine hypertension. Nausea and abdominal cramps may 
occur.  

causing or increasing nocturnal hypertension  [39] . 
Octreotide improved OH in MSA patients after acute and 
chronic administration  [40, 41] . The combination of 
midodrine and octreotide was more effective in reducing 
OH than either drug alone  [42] .    

  Other  t reatment  o ptions 
 For the drugs listed below there is no clear evidence for 
use in OH. Many are recommended as GPP and warrant 
future studies. 

  Ephedrine , which acts on alpha -  and beta - adrenergic 
receptors, is recommended by the authors, as it reduces 
OH in many patients, particularly with central lesions like 
MSA (15   mg t.i.d.).  Yohimbine , an alpha - 2 - adrenoceptor 
antagonist with central and peripheral effects, has been 
used in refractory OH (6   mg daily)  [43] , Class III). Dihy-
droergotamine (DHE), a direct alpha - adrenoceptor 
agonist stimulating constriction of venous capacity 
vessels, has shown some benefi t and may be used in severe 
OH (3 – 5   mg t.i.d. oral) (Level C:  [44] , Class III;  [45] , Class 
III;  [46] , Class IV).  Desmopressin , a vasopressin analogue, 
acts on renal tubular vasopressin - 2 receptors, diminishing 
nocturnal polyuria, and may be applied as nasal spray 
(10 – 40     g) or orally (100 – 400     g) at night  [12] , Class IV). 
 Erythropoietin  is recommended in anaemic patients  [47 –
 49] , particularly in familial amyloidosis  [50] .  Indometha-
cin , a prostaglandin synthetase inhibitor, has been used 
in severe OH (75 – 150   mg/day)  [51] , Class IV,  [43] , Class 
III).  Pyridostigmine  may be effective in the treatment of 
OH through potentiation of sympathetic cholinergic gan-
glionic transmission, leading to increased vascular tone 
in the upright position  [52] . In a double - blind, random-
ized, four - way crossover study the acute effects of 60   mg 
pyridostigmine bromide on supine and upright BP were 
tested against midodrine and placebo. Pyridostigmine 
signifi cantly improved standing BP without worsening 
supine hypertension  [53] . However, further studies on the 
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ache, vomiting, and blurred vision due to papilloedema 
is the most homogeneous pattern of clinical presentation 
accounting for 20 – 40% of CVST cases. Stupor or coma 
are found in 15 – 19% of patients at hospital admission  [5, 
8]  and are usually seen in cases with extensive thrombosis 
or affection of the deep venous system with bilateral tha-
lamic involvement. Of all clinical signs reported in CVST, 
coma at admission is the most consistent and strongest 
predictor of a poor outcome  [4, 5] . 

 Intra - arterial four - vessel angiography has long been 
the gold standard for establishing the diagnosis of CVST, 
but today magnetic resonance imaging (MRI) and mag-
netic resonance angiography (MRA) are regarded the 
best tools both for the diagnosis and follow - up of CVST 
(for review see  [9] ). Cranial computed tomography 
(CCT) alone is not suffi cient but diagnosis can be estab-
lished in combination with CT angiography, although the 
use of iodinated contrast fl uid and ionizing radiation 
remains a disadvantage which makes it inappropriate for 
follow - up examinations. 

 Current therapeutic measures used in clinical practice 
include the use of anticoagulants such as dose - adjusted 
intravenous heparin or body weight - adjusted subcutane-
ous low - molecular - weight heparin, the use of throm-
bolysis, and symptomatic therapy including control of 
seizures and elevated intracranial pressure. The use of 
heparin has long been a matter of debate. Whereas anti-
coagulation is effective in the treatment and prevention 
of extracerebral venous thrombosis, the high rate of 
spontaneous intracranial haemorrhages seen in patients 
with CVST make many physicians hesitate to administer 
heparin because of safety concerns. The introduction of 
local thrombolysis has stirred the discussion about the 
optimal therapy of patients with CVST  [10] . 
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   Background and  o bjectives 

 Cerebral venous and sinus thrombosis (CVST) is a rare 
condition that accounts for less than 1% of all strokes. 
The exact incidence in adults is unknown since 
population - based studies are not available, but one can 
expect fi ve to eight cases per year in a tertiary care centre 
 [1, 2] . A Canadian study reported an incidence of 0.67 
cases per 100 000 children below 18 years and 43% of the 
reported cases were seen in neonates  [3] . The peak inci-
dence in adults is in their third decade with a male/female 
ratio of 1.5 – 5 per year  [2, 4] . Diagnosis is still frequently 
overlooked or delayed due to the wide spectrum of clini-
cal symptoms and the often subacute or lingering onset. 
Headache is the most frequent symptom of CVST and 
occurs in almost 90% of all cases  [5] . The headache may 
be of acute onset (thunderclap headache) and may be 
clinically indistinguishable from headache in patients 
with subarachnoid haemorrhage  [6] . Focal or generalized 
seizures are far more frequently seen in CVST than in 
arterial stroke and occur in 40% of all patients, with an 
even higher incidence (76%) in peripartum CVST  [5, 7] . 
Focal neurological signs (including focal seizures) are the 
most common fi nding in CVST. They include central 
motor and sensory defi cits, aphasia, or hemianopsia and 
occur in 40 – 60% of all cases. In patients with focal defi cits 
together with headache, seizures, or an altered conscious-
ness, CVST should always be considered. The syndrome 
of isolated intracranial hypertension (IIH) with head-
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the preparation of neurological management guidelines 
by EFNS scientifi c task forces  [11] .   

  Treatment 

  Heparin  t herapy 
 The rationale of anticoagulant therapy in CVST is to 
avoid thrombus extension, to favour spontaneous throm-
bus resolution, and to prevent pulmonary embolism, par-
ticularly in patients with concomitant extracranial deep 
vein thrombosis. At the same time anticoagulation (AC) 
may promote or worsen intracranial haemorrhage (ICH), 
which occurs in 40 – 50% of patients with CVST  [5, 12]  
and which may be the main reason to withhold AC. In 
addition, anticoagulation is always associated with an 
increased risk for extracranial bleeding complications. 

 There are only two small controlled trials that com-
pared the effi cacy and safety of AC with placebo for the 
treatment of CVST. Both trials chose an unfavourable 
outcome as the main criterion to evaluate the effi cacy of 
AC instead of a good outcome (e.g. Rankin Scale 0 – 1), 
which might have been a better choice in a condition with 
a much better prognosis than arterial stroke. In addition, 
the 3 months ’  follow - up for the evaluation of the func-
tional outcome may have been too short since major 
improvement of the patients with CVST can be observed 
far beyond. 

 The fi rst study  [13]  compared dose - adjusted intrave-
nous heparin with placebo in 20 patients (10 patients in 
each treatment group) (Class II evidence). Eight patients 
in the heparin group recovered completely and none 
died, whereas only one patient in the placebo group 
recovered fully and three patients died. Treatment assess-
ment was performed by using a specially developed 
CVST severity scale that contained the items headache, 
focal signs, seizures, and level of consciousness. Using this 
scale, there was a signifi cant difference between the two 
groups after 3 days in favour of the active treatment and 
the difference remained signifi cant after 3 months. Three 
patients with previous ICH recovered completely and no 
new haemorrhages occurred in the heparin group 
whereas in the placebo group two patients with pre -
 treatment ICH died and two new haemorrhages were 
observed. There were no major extracranial haemor-
rhages in the heparin group and one probable case of 
fatal pulmonary embolism in the control group. 

 The aim of the present task force was to review the 
strength of evidence to support these interventions and 
the preparation of recommendations on the therapy of 
CVST based on the best available evidence for the effi cacy 
and safety of anticoagulant therapy, thrombolysis, and 
symptomatic therapy.  

  Materials and  m ethods 

  Search  s trategy 
 MEDLINE 1966 – 2009 and EMBASE 1966 – 2009 were 
examined with appropriate MESH and free subject terms: 
cerebral venous and sinus thrombosis, cerebral venous 
thrombosis, cortical vein thrombosis, intracranial 
thrombosis. 

 These were combined with the terms: treatment, med-
ication, therapy, controlled clinical trial, randomized 
controlled trial, multicentre study, meta analysis, antico-
agulation, thrombolysis, local thrombolysis, antiepileptic 
therapy, intracranial pressure, steroids, hyperventilation, 
osmotic diuretics, craniectomy, decompressive surgery. 

 The Cochrane Central Register of Controlled Trials 
(CENTRAL) and the Cochrane Library and references 
of selected articles were also searched. Review articles 
and book chapters were also included if they were con-
sidered to provide comprehensive reviews of the topic. 
The search included reports of research in human beings 
only and in English language. The task force included 
six neurologists and one specialist in internal medicine 
with an expertise in the fi eld of haemostasis and throm-
bosis (I.M.). The literature search was performed by K.E. 
and F.M., who also prepared a fi rst draft of the manu-
script. The manuscript was sent via email and was 
reviewed by all members of the task force and sugges-
tions and corrections were incorporated. Recommenda-
tions were reached by consensus of all task force 
members and were also based on our own awareness 
and clinical experience. Where there was a lack of 
evidence but consensus was clear we stated our opinion 
as Good Practice Points (GPP). The fi nal draft of the 
manuscript was approved by all members of the task 
force. All necessary steps for the preparation of the 
presented recommendation were performed via email 
correspondence. 

 The classifi cation for evidence levels for therapeutic 
interventions were made according to the guidance for 
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LMWH and signifi cantly fewer major bleeding complica-
tions  [16] . Further advantages include the route of 
administration, which increases the mobility of patients, 
and the lack of laboratory monitoring and subsequent 
dose adjustments. A possible advantage of dose - adjusted 
intravenous heparin therapy particularly in critical ill 
patients may be the fact that the activated partial throm-
boplastin time normalizes within 1 – 2   h after discontinu-
ation of the infusion if complications occur or surgical 
intervention is necessary.    

 The outcome assessment was criticized  [14]  because 
the CVST severity scale was not validated as a fi nal 
outcome measure in neurological patients. Using death 
and dependency as clearly defi ned outcome parameters, 
the difference between the two groups would not be sig-
nifi cant. Nevertheless, the study did show some benefi t 
and even more important suggested the safety of AC in 
patients with CVST. 

 The second randomized trial compared body weight -
 adjusted subcutaneous low - molecular - weight heparin 
(LMWH) with placebo in 60 patients with CVST  [12]  
(Class I evidence). A poor outcome  –  defi ned as death or 
Barthel index        15  –  was observed after 3 weeks in six of 
the 30 patients treated with LMWH (20%) compared to 
seven of the 29 controls (24%). After three months, three 
patients (10%) in the LMWH group and six patients 
(21%) in the placebo group had a poor outcome which 
corresponded to a non - signifi cant absolute risk reduc-
tion of 11% in favour of the active treatment. No new 
ICH or secondary worsening of the 15 patients with pre -
 treatment haemorrhage was observed in the LMWH 
group. There was one major extracerebral haemorrhage 
in the heparin group and one probable case of fatal pul-
monary embolism in the control group. 

 A meta - analysis of these two trials showed that the use 
of AC led to an absolute risk reduction in death or depen-
dency of 13% (confi dence interval   30 to   3%) with a 
relative risk reduction of 54%  [15] . Although this differ-
ence did not reach statistical signifi cance, both trials 
showed a consistent and clinically meaningful trend in 
favour of AC and demonstrated the safety of anticoagu-
lant therapy. Thus, data from controlled trials favour the 
use of anticoagulation in patients with CVST because it 
may reduce the risk of a fatal outcome and severe dis-
ability and does not promote ICH, at least in the small 
number of patients in the trials. In patients with isolated 
intracranial hypertension (and proven CVST) and 
threatened vision with the need for repeated lumbar 
punctures to remove cerebrospinal fl uid (CSF) in order 
to obtain a normal closing pressure, AC should be with-
held until 24   h after the last lumbar puncture. 

 It is unclear, whether treatment with full - dose intrave-
nous heparin or subcutaneously applied LMWH is 
equally effective for CVST. A meta - analysis that com-
pared the effi cacy of fi xed - dose subcutaneous LMWH 
versus adjusted - dose unfractionated heparin for extrace-
rebral venous thromboembolism found a superiority for 

 Recommendation 
    Current evidence shows that patients with CVST without 
contraindications for anticoagulation should be treated 
either with body weight - adjusted subcutaneous low -
 molecular - weight heparin or dose - adjusted intravenous 
heparin with an at least doubled activated partial 
thromboplastin time (Level B recommendation). 
Concomitant intracranial haemorrhage related to CVST is 
not a contraindication for heparin therapy. For the reasons 
mentioned above, LMWH should be preferred in 
uncomplicated CVST cases.  

  Thrombolysis 
 There is currently no evidence from randomized con-
trolled trials about the effi cacy and safety of either sys-
temic or local thrombolytic therapy in patients with 
CVST. Thrombolytic therapy has the potential to provide 
faster restitution of venous outfl ow, and positive effects 
of local thrombolytic treatment of CVST have increas-
ingly been reported from uncontrolled series  [17 – 20]  
(Class IV evidence). Patients were treated with either 
heparin and urokinase or heparin and recombinant tissue 
plasminogen activator (rtPA) which may result in fewer 
bleeding complications due to its clot selectiveness and 
shorter half - life. Two uncontrolled studies that used rtPA 
in combination with dose - adjusted intravenous heparin 
included a total of 21 patients  [18, 19] . In the Korean 
study  [18] , which included nine patients, a mean total 
dose of 135   mg (range 50 – 300   mg) rtPA was used com-
pared to 46   mg (range 23 – 128   mg) in the American study 
 [19] , which included 12 patients. Both studies placed a 
microcatheter directly into the thrombus via the trans-
femoral vein and performed a bolus injection of rtPA 
followed by continuous infusion. In the two studies com-
bined, rapid (mean time of 20   h in the Korean and 29   h 
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fatal outcome and fi ve patients had increased ICH after 
thrombolysis. Patients with large infarcts and impending 
herniation did not benefi t (Class IV evidence). 

 A controlled randomized trial is warranted to further 
study the effi cacy and safety of thrombolysis in CVST. 
However, such a trial will be diffi cult to perform in single 
centres because of the small number of severe patients, 
particularly in countries and centres with early diagnosis 
of CVST. Only an international multicentre trial may be 
able to clarify the role of thrombolysis in the treatment 
of CVST.    

in the American study) and complete recanalization was 
achieved in 15 of 21 patients, and 14 of 21 patients showed 
a complete clinical recovery. However, there were two 
extracerebral bleeding complications in the Korean study 
and two patients with pre - treatment ICH in the American 
study worsened because of increased intracerebral bleed-
ing, which required surgery in one case. Thus, although 
recanalization was rapidly achieved, local thrombolysis 
may carry a higher risk of bleeding complications com-
pared to anticoagulant therapy, particularly if pre -
 treatment ICH is present  [10] . Trials that compare 
heparin therapy and local thrombolysis are lacking and 
there is no evidence that clinical outcome is better than 
with heparin alone. Currently, local thrombolysis may be 
a therapeutic option for patients at high risk for a poor 
outcome despite heparin therapy. The International 
Study on Cerebral Vein and Dural Sinus Thrombosis 
(ISCVT) identifi ed coma on admission and thrombosis 
of the deep venous system apart from underlying causes 
as the most important predictors for a poor clinical 
outcome  [5] . More than 80% of the included 624 adult 
patients were treated with AC. Comatose patients may 
defi ne a subgroup of patients with CVST who are at high 
risk of death despite AC  [8] . Under this particular condi-
tion, the effect of AC may come too late to prevent irre-
versible brain damage and these patients may possibly 
benefi t from thrombolytic therapy. A systematic review 
on the use of thrombolytics in CVST suggested a possible 
benefi t in such severe cases  [21] . Thirty - eight of the 
reported patients were comatose at the start of thrombo-
lytic therapy, of whom six (16%) died. Intracranial haem-
orrhage occurred in 17% and was associated with clinical 
deterioration in 5% of cases. In comparison, a retrospec-
tive analysis found that eight (53%) of the 15 patients 
with stupor or coma at the start of dose - adjusted intra-
venous heparin therapy died  [8] . In the ISCVT, 12 (38%) 
of the 31 comatose patients died  [5] . However, the results 
of the review were based on case reports and uncontrolled 
case series and there are as yet no established clinical 
criteria for the use of thrombolytics in CVST (Class IV 
evidence). In a recent prospective study  [22]  of 20 patients 
treated with endovascular thrombolysis alone or in com-
bination with endovascular thrombectomy (15 patients), 
12 patients recovered, two survived with handicaps, and 
six (30%) died. Twelve were comatose and 14 had haem-
orrhagic infarcts before thrombolysis. Large haemor-
rhagic infarcts before treatment were associated with a 

 Recommendation 
    There is insuffi cient evidence to support the use of either 
systemic or local thrombolysis in patients with CVST. If 
patients deteriorate despite adequate anticoagulation and 
other causes of deterioration have been ruled out, 
thrombolysis may be a therapeutic option in selected cases, 
possibly in those without intracranial haemorrhage or 
impending herniation from large haemorrhagic infarcts 
(GPP). The optimal substance, dosage, route (systemic or 
local), or method of administration (repeated bolus or bolus 
plus infusion) are not known.  

  Oral  a nticoagulation 
 Controlled data about the benefi t and optimal duration 
of oral anticoagulant therapy (OAT) in patients with 
CVST are not available, but most authors recommend 
continued anticoagulation after the acute phase. In the 
ISCVT, median time on OAT after discharge was 7.7 
months  [5] . A MRI follow - up study of 33 patients sug-
gested that recanalization occurs within the fi rst 4 months 
after CVST irrespective of further OAT  [23] . These data 
may provide some guidance on the duration of OAT, but 
whether incomplete or absent recanalization increases 
the risk of recurrence is not known (Class IV evidence). 
No recurrences occurred in two follow - up studies which 
showed incomplete or no recanalization in more than 
40% of the patients  [23, 24] . 

 Analogous to patients with extracerebral venous 
thrombosis, OAT with a target INR of 2.0 – 3.0 may be 
given for 3 months if CVST was secondary to a transient 
(reversible) risk factor and for 6 – 12 months if it was 
idiopathic  [25] . However, the risk of recurrence of CVST 
may be lower than that of extracerebral venous throm-
bosis. In the ISCVT, 2.2% of all patients had a recurrent 
sinus thrombosis with a median follow - up of 16 months 
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CVST. Whereas some authors recommend prophylactic 
treatment  [27]  because of the high incidence of seizures 
(and series of seizures or even status epilepticus) and 
their possible detrimental effects on the metabolic situa-
tion during the acute phase of the disease, others restrict 
the use of anticonvulsants to patients with seizures  [28] . 
One study identifi ed focal sensory defi cits and the pres-
ence of focal oedema or ischaemic/haemorrhagic infarcts 
on admission CCT/MRI as signifi cant predictors of early 
symptomatic seizures  [29] . Another study  [30]  identifi ed 
cortical vein thrombosis, ICH, and focal motor defi cits as 
independent predictors for early epileptic seizures (Class 
IV evidence). Patients with supratentorial lesions and 
presenting seizures had the highest risk for recurrent 
seizures in the ISCVT that was signifi cantly decreased by 
AED use  [31]  (Class III evidence). 

 Although data are insuffi cient to give recommenda-
tions, these fi ndings suggest that prophylactic treatment 
with AED may be a therapeutic option for those patients, 
whereas it is not warranted when there are no focal neu-
rological defi cits and no supratentorial lesions on brain 
scan (e.g. patients with isolated intracranial hyperten-
sion). If no antiepileptic treatment has been performed 
before the fi rst seizure occurs, effective concentrations of 
AEDs should be achieved rapidly because series of sei-
zures frequently occur in patients with CVST. 

 The risk of residual epilepsy after CVST is low com-
pared to the high rate of patients with early seizures. 
Reported incidences range from 5 to 10.6%  [5, 29, 32] . In 
the Portuguese series  [29] , all late seizures occurred within 
the fi rst year. A haemorrhagic lesion in the acute brain 
scan was the strongest predictor of postacute seizures. In 
all series together, late seizures were more common in 
patients with early symptomatic seizures than in those 
patients with none. Thus, prolonged treatment with AED 
for 1 year may be reasonable for patients with early sei-
zures and haemorrhagic lesions on admission brain scan, 
whereas in patients without these risk factors AED therapy 
may be tapered off gradually after the acute stage.    

 [5] , and prolonged OAT may expose some patients to an 
unnecessary bleeding risk, although there was also a risk 
of 4.3% for other thrombotic events during follow - up 
including 2.5% of pelvic or limb venous thrombosis and 
0.5% of pulmonary embolism. 

 OAT is also recommended for 6 – 12 months in patients 
with extracerebral venous thrombosis and  ‘ mild ’  throm-
bophilia (heterozygous factor V Leiden or prothrombin 
G20210A mutation, and high plasma levels of factor VIII) 
 [26] . Long - term treatment should be considered for 
patients with  ‘ severe ’  thrombophilia associated with a 
high risk of recurrence (antithrombin, protein C or 
protein S defi ciency, homozygous factor V Leiden or pro-
tormbin G20210A mutation, antiphospholipid antibod-
ies, and combined abnormalities)  [26] . Indefi nite OAT is 
also recommended in patients with two or more episodes 
of idiopathic objectively documented extracerebral 
venous thrombosis  [25] . Thus, in the absence of con-
trolled data the decision on the duration of anticoagulant 
therapy must be based on individual hereditary and pre-
cipitating factors as well as on the potential bleeding risks 
of long - term OAT. Regular follow - up visits should be 
performed after discontinuation of OAT and patients 
should be informed about early signs (headache) indicat-
ing a possible relapse.     

 Recommendation 
    There are insuffi cient data about the optimal duration of 
OAT in patients with CVST. Analogous to patients with a fi rst 
episode of extracerebral venous thrombosis, OAT may be 
given for 3 months if CVST was secondary to a transient risk 
factor, for 6 – 12 months in patients with idiopathic CVST and 
in those with  ‘ mild ’  thrombophilia. Indefi nite OAT should be 
considered in patients with two or more episodes of CVST 
and in those with one episode of CVST and  ‘ severe ’  
thrombophilia (GPP).  

 Recommendation 
    Prophylactic antiepileptic therapy may be a therapeutic 
option in patients with focal neurological defi cits and 
supratentorial lesions on admission CT/MRI (GPP). The 
optimal duration of treatment for patients with seizures is 
unclear.  

  Symptomatic  t reatment 

 Symptomatic therapy includes the use of antiepileptic 
drugs, management of increased intracranial pressure, 
the control of psychomotor agitation, and analgesic 
treatment. 

  Control of  s eizures 
 There are no data regarding the effectiveness of a prophy-
lactic use of antiepileptic drugs (AED) in patients with 
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 [35]  reported three patients with fi xed dilated pupils due 
to transtentorial herniation who underwent decompres-
sive surgery, two of whom recovered with only minor 
neurological sequelae (Class IV evidence). Coutinho and 
co - workers  [36]  reported three consecutive cases treated 
with decompressive hemicraniectomy, of whom two 
patients had an excellent outcome and one died. Review-
ing the literature, the authors found another seven cases 
of severe CVST treated with decompressive surgery, of 
whom all survived with a favourable outcome (mRS    3) 
(Class IV evidence) .  The haemorrhagic infarct should 
not be removed because neuronal damage is often less 
pronounced in CVST - related haemorrhage, explaining 
the possible reversibility of even severe clinical symp-
toms  [37] .    

  Treatment of  e levated 
 i ntracranial  p ressure 
 Although brain swelling is observed in about 50% of all 
patients with CVST on CCT, minor brain oedema needs 
no other treatment than AC, which improves the venous 
outfl ow suffi ciently to reduce intracranial pressure in 
most patients  [27, 28] . In patients with isolated intra-
cranial hypertension and threatened vision, a lumbar 
puncture with suffi cient cerebrospinal fl uid (CSF) 
removal to obtain a normal closing pressure should be 
performed before starting AC 24   h after the puncture. 
There are no controlled data, but acetazolamide may be 
considered in patients with persistent papilloedema. In 
few patients vision continues to deteriorate despite 
repeated lumbar punctures and/or acetazolamide. In 
these cases shunting procedures (lumboperitoneal, ven-
triculoperitoneal shunts, or optic nerve fenestration) 
should be considered. 

 Anti - oedema treatment is necessary in only 20% of 
patients and should be carried out according to general 
principles of therapy of raised intracranial pressure (head 
elevation at about 30 degrees, hyperventilation with a 
target PaCO 2  pressure of 30 – 35   mmHg, intravenous 
application of osmotic diuretics). However, one should 
keep in mind, that osmotic substances might be harmful 
in venous outfl ow obstruction, since they are not as 
quickly eliminated from the intracerebral circulation as 
in other conditions. The use of tris – hydroxy - methly -
 aminomethane (THMA), which decreases ICP after 
intravenous administration via an alkalotic vasoconstric-
tion, may be a therapy option in ventilated patients. 
Restricted volume intake for treatment of brain oedema 
must be avoided, since these measures can cause an addi-
tional deterioration of blood viscosity. Steroids cannot be 
recommended for treatment of elevated intracranial 
pressure. No benefi t was found in a case - control study of 
the ISCVT  [33]  and the use of steroids was associated 
with a detrimental effect in patients without parenchy-
mal lesions (Class III evidence). 

 The most frequent cause of death in patients with 
CVST is transtentorial brain herniation  [34] . In severe 
cases with impending herniation due to a unilateral large 
haemorrhagic infarct, decompressive surgery may be the 
only way to save the patient ’ s life. Local thrombolysis 
seems no treatment option in such cases because of the 
incalculable risk of further ICH extension with an addi-
tional detrimental effect on ICP. Stefi ni and co - workers 

 Recommendations 
    In patients with isolated intracranial hypertension and 
threatened vision, possible therapeutic measures may include 
one or more lumbar punctures, acetazolamide, and 
incidentically CSF - shunting procedures. There are no 
controlled data about the risks and benefi ts of certain 
therapeutic measures to reduce an elevated intracranial 
pressure in patients with CVST. However, based on the 
available evidence, steroids seem not to be useful and 
should be avoided (GPP). Anti - oedema treatment should be 
carried out according to general principles of therapy of 
raised intracranial pressure. In a small subgroup of patients 
with severe CVST and impending herniation attributable to 
large haemorrhagic infarcts, decompressive craniectomy can 
be life - saving (GPP).  

  Confl icts of  i nterest 
 The authors have reported no confl icts of interest rele-
vant to this manuscript. 

 K. Einh ä upl was the principal investigator of the treat-
ment trial with unfractionated heparin  [13] . J. Stam and 
S.T.F.M. de Bruijn were principal investigators of the 
CVST Study Group Trial  [12] .   

  References   

     1.       Bousser   MG  ,   Chiras   J  ,   Bories   J  ,   Castaigne   P  .  Cerebral venous 
thrombosis  –  a review of 38 cases .  Stroke   1985 ; 16 : 199  –  213 .  



CHAPTER 34  Cerebral venous and sinus thrombosis 483

  16.       Van   Dongen   CJJ  ,   van den   Belt   AGM  ,   Prins   MH  ,   Lensing  
 AWA  .  Fixed dose subcutaneous low molecular weight hepa-
rins versus adjusted dose unfractionated heparin for venous 
thromboembolism .  Cochrane Database Syst Rev   2004 ;Art. 
No.( 4 ): CD001100 .  

  17.       Horowitz   M  ,   Purdy   P  ,   Unwin   H  ,  et al .  Treatment of dural 
sinus thrombosis using selective catheterisation and uroki-
nase .  Ann Neurol   1995 ; 38 : 58  –  67 .  

  18.       Kim   SY  ,   Suh   JH  .  Direct endovascular thrombolytic therapy 
for dural sinus thrombosis: infusion of alteplase .  Am J 
Neuroradiol   1997 ; 18 : 639  –  45 .  

  19.       Frey   IL  ,   Muro   GJ  ,   McDougall   CG  ,   Dean   BL  ,   Jahnke   HK  . 
 Cerebral venous thrombosis. Combined intrathrombus 
rtPA and intravenous heparin .  Stroke   1999 ; 30 : 489  –  94 .  

  20.       Wasay   M  ,   Bakshi   R  ,   Kojan   S  ,   Bobustuc   G  ,   Dubey   N  ,   Unwin  
 DH  .  Nonrandomized comparison of local urokinase throm-
bolysis versus systemic heparin anticoagulation for superior 
sagittal sinus thrombosis .  Stroke   2001 ; 32 : 2310  –  7 .  

  21.       Canh ã o   P  ,   Falc ã o   F  ,   Ferro   JM  .  Thrombolytics for cerebral 
sinus thrombosis. A systematic review .  Cerebrovasc Dis  
 2003 ; 15 : 159  –  66 .  

  22.       Stam   J  ,   Majoie   CBLM  ,   van Delden   OM  ,   van   Lienden   KP  , 
  Reekers   JA  .  Endovascular thrombectomy and thrombolysis 
for severe cerebral sinus thrombosis: a prospective study . 
 Stroke   2008 ; 39 : 1487  –  90 .  

  23.       Baumgartner   RW  ,   Studer   A  ,   Arnold   M  ,   Georgiadis   D  .  Reca-
nalisation of cerebral venous thrombosis .  J Neurol Neuro-
surg Psychiatry   2003 ; 74 : 459  –  61 .  

  24.       Strupp   M  ,   Covi   M  ,   Seelos   K  ,   Dichgans   M  ,   Brandt   T  .  Cerebral 
venous thrombosis: correlation between recanalization and 
clinical outcome  –  a long - term follow - up of 40 patients .  J 
Neurol   2002 ; 249 : 1123  –  4 .  

  25.       Kearon   C  ,   Kahn   SR  ,   Agnelli   G  ,   Goldhaber   S  ,   Raskob   GE  , 
  Comerota   AJ  .  Antithrombotic therapy for venous thrombo-
embolic disease. The 8th ACCP conference on antithrom-
botic and thrombolytic therapy .  Chest   2008 ; 133 :
 454S  –  545S .  

  26.       Lijfering   WM  ,   Brouwer   L - LP  ,   Veeger   NJGM  ,  et al .  Selective 
testing for thrombophilia in patients with fi rst venous 
thrombosis: results from a retrospective family cohort 
study on absolute thrombotic risk for currently known 
thrombophilic defects in 2479 relatives .  Blood   2009 ; 113 :
 5314  –  22 .  

  27.       Einh ä upl   KM  ,   Masuhr   F  .  Cerebral venous and sinus throm-
bosis  –  an update .  Eur J Neurol   1994 ; 1 : 109  –  26 .  

  28.       Ameri   A  ,   Bousser   MG  .  Cerebral venous thrombosis .  Neurol 
Clin   1992 ; 10 : 87  –  111 .  

  29.       Ferro   JM  ,   Correia   M  ,   Rosas   MJ  ,   Pinto   AN  ,   Neves   G  , for the 
 Cerebral Venous Thrombosis Portuguese Collaborative 
Study Group .  Seizures in cerebral vein and dural sinus 
thrombosis .  Cerebrovasc Dis   2003 ; 15 : 78  –  83 .  

     2.       Einh ä upl   KM  ,   Villringer   A  ,   Haberl   RL  ,  et al .  Clinical spec-
trum of sinus venous thrombosis . In:   Einh ä upl   K  ,   Kempski  
 O  ,   Baethmann   A   (eds)  Cerebral Sinus Thrombosis. Experi-
mental and Clinical Aspects .  New York :  Plenum Press ,  1990 ; 
pp.  149  –  55 .  

     3.       deVeber   G  ,   Andrew   M  ,   Adams   C  , for the  Canadian Pediatric 
Ischemic Stroke Study Group .  Cerebral sinovenous throm-
bosis in children .  N Engl J Med   2001 ; 345 : 417  –  23 .  

     4.       De   Bruijn   SFTM  ,   de Haan   RJ  ,   Stam   J  , for the  Cerebral 
Venous Sinus Thrombosis Study Group .  Clinical features 
and prognostic factors of cerebral venous and sinus throm-
bosis in a prospective series of 59 patients .  J Neurol Neuro-
surg Psychiatry   2001 ; 70 : 105  –  8 .  

     5.       Ferro   JM  ,   Canh ã o   P  ,   Stam   J  ,   Bousser   MG  ,   Barinagarremen-
teria   F  , for the  ISCVT Investigators .  Prognosis of cerebral 
vein and dural sinus thrombosis. Results of the Interna-
tional Study on Cerebral Vein and Dural Sinus Thrombosis 
(ISCVT) .  Stroke   2004 ; 35 : 664  –  70 .  

     6.       De   Bruijn   SFTM  ,   Stam   J  ,   Kapelle   LJ  , for the  Cerebral Venous 
Sinus Thrombosis Study Group .  Thunderclap headache as 
fi rst symptom of cerebral venous sinus thrombosis .  Lancet  
 1996 ; 348 : 1623  –  5 .  

     7.       Cantu   C  ,   Barinagarrementeria   F  .  Cerebral venous thrombo-
sis associated with pregnancy and puerperium. Review of 
67 cases .  Stroke   1993 ; 24 : 1880  –  4 .  

     8.       Mehraein   S  ,   Schmidtke   K  ,   Villringer   A  ,   Valdueza   JM  ,   Masuhr  
 F  .  Heparin treatment in cerebral sinus and venous throm-
bosis: patients at risk of fatal outcome .  Cerebrovasc Dis  
 2003 ; 15 : 17  –  21 .  

     9.       Masuhr   F  ,   Mehraein   S  ,   Einh ä upl   K  .  Cerebral venous and 
sinus thrombosis .  J Neurol   2004 ; 251 : 11  –  23 .  

  10.       Bousser   MG  .  Cerebral venous thrombosis. Nothing, heparin, 
or local thrombolysis?   Stroke   1999 ; 30 : 481  –  3 .  

  11.       Brainin   M  ,   Barnes   M  ,   Baron   J - C  ,  et al .  Guidance for the 
preparation of neurological management guidelines by 
EFNS scientifi c task forces  –  revised recommendations 
2004 .  Eur J Neurol   2004 ; 11 : 577  –  81 .  

  12.       De   Bruijn   SFTM  ,   Stam   J  , for the  Cerebral Venous Sinus 
Thrombosis Study Group .  Randomized, placebo - controlled 
trial of anticoagulant treatment with low - molecular - weight 
heparin for cerebral sinus thrombosis .  Stroke   1999 ; 30 :
 484  –  8 .  

  13.       Einh ä upl   KM  ,   Villringer   A  ,   Meister   W  ,  et al .  Heparin treat-
ment in sinus venous thrombosis .  Lancet   1991 ; 338 :
 597  –  600 .  

  14.       Stam   J  ,   Lensing   AWA  ,   Vermeulen   M  ,   Tijssen   JGP  .  Heparin 
treatment for cerebral venous and sinus thrombosis .  Lancet  
 1991 ; 338 : 1154 .  

  15.       Stam   J  ,   de Bruijn   SFTM  ,   deVeber   G  .  Anticoagulation for 
cerebral sinus thrombosis .  Cochrane Database Syst Rev  
 2001 ;Art. No.( 4 ): CD002005 .  



484 SECTION 5  Neurological Problems

  30.       Masuhr   F  ,   Busch   M  ,   Amberger   N  ,  et al .  Risk and predictors 
of early epileptic seizures in acute cerebral venous and sinus 
thrombosis .  Eur J Neurol   2006 ; 13 : 852  –  6 .  

  31.       Ferro   JM  ,   Canh ã o   P  ,   Bousser   MG  ,   Stam   J  ,   Barinagarremen-
teria   F  , for the  ISCVT Investigators .  Early seizures in cerebral 
vein and dural sinus thrombosis: risk factors and role of 
antiepileptics .  Stroke   2008 ; 39 : 1152  –  8 .  

  32.       Preter   M  ,   Tzourio   C  ,   Ameri   A  ,   Bousser   MG  .  Long - term 
prognosis in cerebral venous thrombosis  –  follow - up of 77 
patients .  Stroke   1996 ; 27 : 243  –  6 .  

  33.       Canh ã o   P  ,   Cortes ã o   A  ,   Cabral   M  ,  et al ., for the  ISCVT Inves-
tigators .  Are steroids useful to treat cerebral venous throm-
bosis?   Stroke   2008 ; 39 : 105  –  10 .  

  34.       Canh ã o   P  ,   Ferro   JM  ,   Lindgren   AG  ,   Bousser   MG  ,   Stam   J  , 
  Barinagarrementeria   F  , for the  ISCVT Investigators .  Causes 

and predictors of death in cerebral venous thrombosis . 
 Stroke   2005 ; 36 : 1720  –  5 .  

  35.       Stefi ni   R  ,   Latronico   N  ,   Cornali   C  ,   Rasulo   F  ,   Bollati   A  . 
 Emergent decompressive craniectomy in patients with 
fi xed dilated pupils due to cerebral venous and dural sinus 
thrombosis: report of three cases .  Neurosurgery   1999 ;
 45 : 626  –  9 .  

  36.       Coutinho   JM  ,   Majoie   CBLM  ,   Coert   BA  ,   Stam   J  .  Decompres-
sive hemicraniectomy in cerebral sinus thrombosis. Con-
secutive case series and review of the literature .  Stroke  
 2009 ; 40 : 2233  –  5 .  

  37.       Villringer   A  ,   Mehraein   S  ,   Einh ä upl   KM  .  Pathophysiological 
aspects of cerebral sinus venous thrombosis .  J Neuroradiol  
 1994 ; 21 : 72  –  80 .       

 



  CHAPTER 35 

Cerebral vasculitis  
  N. J.     Scolding, 1        H.     Wilson, 2        R.     Hohlfeld, 3        C.     Polman, 4        M. I.     Leite, 5        N. E.     Gilhus 6   
   1 Institute of Clinical Neurosciences, University of Bristol, Frenchay Hospital, Bristol, UK;        2 Royal Free Hospital, London, UK;    
    3 Klinikum Grosshadern, Munich, Germany;        4 VU Medical Center, MB Amsterdam, The Netherlands;        5 John Radcliffe Hospital, 
University of Oxford, UK;        6 University of Bergen and Department of Neurology, Haukeland University Hospital, Bergen, Norway       

even two or three neurological centres collaborating are 
unlikely to accumulate suffi cient numbers of patients 
within a workable time frame for useful studies.  

  Methods 

 The European Federation of Neurological Societies 
(EFNS) Scientist Panel on Neuroimmunology consid-
ered that a European collaborative cohort might offer a 
powerful means of beginning to address the problems 
outlined above. A task force on cerebral vasculitis was 
established to improve the recognition, diagnosis, and 
management of cerebral vasculitis throughout Europe. 
This will be achieved by providing guidelines whose con-
fi rmation will ultimately depend on the establishment of 
a sound evidence base. A European - wide survey of 
current clinical practice was included. 

 A simple 10 - point questionnaire covering various 
aspects of the diagnosis and management of cerebral vas-
culitis was sent to 51 expert neurologists in 26 European 
countries. Replies were received from 29 (57%) experts 
from 15 countries. 

 Statements about diagnosis and treatment were dis-
cussed among the task force members. Evidence was clas-
sifi ed according to the EFNS guidelines  [12] . As very few 
relevant controlled studies exist on the topic, the recom-
mendations given should be regarded as Good Practice 
Points (GPP)  [12] , where advice is given on the basis of 
consensus in our group and available evidence.  

  Results of  s urvey 

 The cumulative number of patients given the diagnosis 
of cerebral vasculitis by the 29 responding expert 
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   Introduction 

 Cerebral vasculitis is an uncommon disorder that offers 
unusual problems for the neurologist. It is notoriously 
diffi cult to recognize, producing a wide range of possible 
neurological symptoms and signs with no typical or char-
acteristic features  [1 – 3] . Potential clinical patterns that 
might facilitate recognition have been proposed  [4]  but 
have not been tested prospectively on large numbers of 
patients, and their value in consequence remains to be 
substantiated. 

 Suspicion of the disorder having been entertained, 
confi rmation or exclusion of cerebral vasculitis presents 
a second serious set of problems. There are no serological 
or other blood or spinal fl uid laboratory tests of any 
sensitivity or specifi city; imaging by computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) is like-
wise lacking in sensitivity; angiography is of questionable 
use  [4 – 10] . Finally, while intuitively this is a disorder 
most neurologists would regard as eminently treatable, 
there remains a complete absence of any therapeutic 
trials to provide an evidence base for this assumption. 

 This combination of diffi culties in recognition and in 
diagnosis, in a disorder that is serious and indeed not 
uncommonly fatal, and yet (probably) highly treatable, 
emphasizes the importance of attempting to address the 
clinical problem of cerebral vasculitis  [11] . It is, however, 
an uncommon disorder  –  there are no epidemiological 
data, but an estimate has been hazarded of an incidence 
of 1 – 2 million per year  –  creating additional diffi culties; 
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vasculitis. Three clinical patterns have been previously 
suggested  [4] ]. First, patients may present with acute, 
subacute, or recurrent encephalopathy; the second is pre-
sentation with features of a focal, space - occupying lesion 
(a presentation recently re - emphasized and separately 
analysed  [13] . Third, patients may exhibit a clinical 
picture that in many ways resembles multiple sclerosis 
 –  a relapsing, remitting course, often including brainstem 
episodes and optic neuropathy, and often with multifocal 
white matter lesions on MRI scanning and oligoclonal 
bands on cerebrospinal fl uid (CSF) analysis (table  35.1 ), 
but which usually includes atypical features. However, 
these patterns were suggested from an analysis of only 
10 – 12 cases, and though reference to retrospective case 
series suggests the patterns might accommodate virtually 
all cases of cerebral vasculitis, their true value remains to 
be proven by large prospective studies. In the past, 
stroke - like presentation of CNS vasculitis has often been 
suggested, but a critical analysis suggests this may in fact 
be extremely uncommon  [14] ]. Whether these or indeed 
better patterns might usefully aid recognition of cerebral 
vasculitis cannot be determined on the basis of small 
studies on pooled retrospective series with the case - selec-
tion biases they carry.   

 The value of a number of laboratory or imaging inves-
tigative procedures similarly requires a prospective study. 
Specifi cally, the negative predictive power of tests such as 
a normal ESR, or normal C - reactive protein  [4] , or 
normal spinal fl uid analysis  [4 – 6] , together with the posi-
tive predictive power of these tests  –  or combinations of 
various test results with particular clinical and/or imaging 
features  –  all these also require prospective studies 
including relatively large numbers of patients. 

neurologists is approximately 140 per year, a mean of 4.8 
cases per neurologist per year. 

 Dependence on cerebral angiography varied widely, 
but 11 of 29 neurologists (38%) based this diagnosis on 
angiography in more than 75% of cases; a mean of 50% 
of patients throughout Europe had been diagnosed as 
having cerebral vasculitis based on angiography. Only 
three neurologists depended on cerebral biopsy in 80% 
or more of cases; conversely 12 of 25 neurologists (48%) 
based diagnosis on biopsy in more than 20% of cases. 
Most neurologists committed between 0 and fi ve patients 
to biopsy per year, a mean of 2.3 biopsies per year. Thir-
teen of 29 neurologists (45%) only recommended biopsy 
if there was an identifi able lesion. Of the remainder, most 
used non - dominant frontal or temporal open biopsy, 
usually ensuring that parenchymal and meningeal tissue 
were included. 

 Eighty per cent of the patients with the diagnosis of 
cerebral vasculitis received steroids (orally or intrave-
nously) alone as  ‘ fi rst - line treatment ’ , and cyclophospha-
mide only if steroids failed. Most of the remaining 
neurologists used cyclophosphamide as fi rst - line therapy. 
Fourteen used cyclophosphamide as second line treat-
ment, others using azathioprine (three), intravenous 
immunoglobulin (two), methotrexate (one), and other 
 ‘ potent immunosuppressive ’  agents (two). Only four 
respondents treated patients with potent immunosup-
pressive agents  ‘ only if biopsy - proven ’ , 84% administer-
ing such treatment without tissue confi rmation of the 
diagnosis. All acknowledged the diffi culties of assessing 
the therapeutic response  –  variably relying on clinical 
imaging, spinal fl uid tests, and blood tests, particularly 
erythrocyte sedimentation rate (ESR) and C - reactive 
protein levels. 

 All 29 neurologists were interested in participating in 
further collaborative European research.  

  Conclusions and Discussion 

 Even European neurologists with particular interest in 
cerebral vasculitis see only a handful of cases per year. 
Nevertheless, the cumulative experience of some 140 
cases per year emphasizes the potential power of the 
pooled response. A large prospective study would offer a 
number of valuable opportunities. 

 First, an analysis of the clinical features may provide 
means of improving the recognition of cerebral 

  Table 35.1    Cerebral vasculitis: suggested clinical patterns of 
presentation that might facilitate recognition  [4] . 

      •      Acute or sub - acute encephalopathy, with headache with an 
acute confusional state, progressing to drowsiness and 
coma.  

   •      Intracranial mass lesion  - with headache, drowsiness, focal 
signs and (often) raised intracranial pressure.  

   •      Superfi cially resembling atypical multiple sclerosis (MS - plus) 
in phenotype  - with a relapsing - remitting course, and 
features such as optic neuropathy and brain stem episodes, 
but also accompanied by other features less common in 
multiple sclerosis: seizures, severe and persisting headaches, 
encephalopathic episodes, or stroke - like episodes.     
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several regional specialists have, since this survey, 
expressed interest in joining  –  would yet further increase 
the power of any prospective study of both diagnostic 
approaches and of therapy. 

 Second, the wide variation in current clinical practice 
is of interest. The very limited sensitivity and specifi city 
of cerebral angiography has arguably been under - empha-
sized in the past; some series of cerebral vasculitis patients 
have indeed rested wholly on this investigation for diag-
nosis. There has also perhaps been historically an over -
 emphasis on the value of steroids. While there have been 
no prospective placebo - controlled trials of immunosup-
pressive treatment in cerebral vasculitis, large retrospec-
tive series of patients with systemic Wegener ’ s 
granulomatosis, or with microscopic polyangiitis, provide 
clear support for their use  [20 – 23] . There is some merit 
in the argument that the absence of tissue confi rmation 
properly directs neurologists away from prescribing 
cyclophosphamide and towards steroids, but responding 
neurologists in this survey indicated that it was not this 
factor that inhibited their use of potent immunosuppres-
sives; only three of 29 neurologists used cyclophospha-
mide as part of their fi rst - line therapeutic regimen. 

 Whether cyclophosphamide is best given by intrave-
nous pulses or continuous oral therapy is not established 
 [21, 24] , and this question could of course usefully be 
incorporated into a large prospective study. Most regimes 
recommend an induction course of between 10 and 16 g 
cumulative dose; (retrospective) studies of patients with 
systemic vasculitis and other infl ammatory disorders 
suggest that bladder carcinoma, perhaps the most notori-
ous and serious toxic effect of cyclophosphamide, may 
be restricted very largely to patients who have received 
cumulative dose in excess of 100   g  [25] . 

 From a practical perspective, we now feel able to 
propose the diagnostic approach outlined in fi gure  35.1 , 
and a pragmatic approach to therapy  [26, 27] ] when a 
tissue diagnosis of cerebral vasculitis has been confi rmed 
(table  35.2 ). These represent, in our view, reasonable 
syntheses emerging from the currently available evi-
dence, but this evidence is not adequate for formal rec-
ommendations  [11, 12] ]. We suggest therefore that a 
further prospective pan - European study of cerebral vas-
culitis is needed and could carry suffi cient power to 
confi rm or improve this management approach; it is also 
likely to yield valuable insights into the recognition, diag-
nosis, and treatment of this diffi cult, unusual, and often 
very serious neurological disorder.     

 There was particular variation in relation to the diag-
nostic weight given to cerebral angiography. In many 
instances, there was radiological uncertainty concerning 
the distinction between  ‘ vasculopathy ’  and  ‘ vasculitis ’ . 
Angiography is a test limited in both sensitivity and spec-
ifi city in the diagnosis of cerebral vasculitis: retrospective 
series suggest a sensitivity of only 24 – 33%  [5, 6, 8, 15, 
16] , with a specifi city of a similar order  –  a number of 
infl ammatory, metabolic, malignant, or other vasculopa-
thies can accurately mimic angiitis. Reversible cerebral 
vasoconstriction syndrome has in particular received 
recent attention  [17] . 

 There was a corresponding limited reliance on brain 
biopsy for diagnosis. Sometimes this was explained by 
local factors, such as diffi culties in access to neurosurgical 
intervention. This test too is, of course, limited in sensi-
tivity, and necessarily entails some iatrogenic risk  [18, 
19] . However, a retrospective study of some 61 patients 
biopsied for suspected cerebral vasculitis has usefully 
illuminated this topic  [16] . No patient suffered any sig-
nifi cant morbidity as a result of the procedure. Thirty - six 
per cent of the patients were confi rmed as having cerebral 
vasculitis, but no less usefully and importantly, 39% 
biopsies showed an alternative, unsuspected diagnosis  –  
lymphoma (six cases), multiple sclerosis (two cases), or 
infection (seven cases, including toxoplasmosis, herpes, 
and also two cases of cerebral abscess). Biopsy failed to 
yield a clear diagnosis in 25% of patients in this study, 
though even here, biopsy might arguably not be described 
as  ‘ non - contributory ’ , at least helping exclude some of 
the alternative diagnoses mentioned above. 

 This valuable retrospective study also provided some 
evidence fi rst that biopsy of normal - appearing tissue was 
no less likely to yield diagnostic information than biopsy 
targeted upon discrete lesions  [16] . The numbers (20 
biopsies of normal appearing tissue, 40 of radiologically 
apparent lesions) were not very large and again a more 
substantial prospective study would be useful. 

 What lessons may be learnt, and does this preliminary 
and rather informal survey yield any provisional recom-
mendations? First, the results confi rm the relative 
uncommonness of the disorder, while emphasizing the 
potential strength of a collaborative effort, in which, 
additionally, there emerged considerable enthusiasm. 
According to current practice, 140 patients are given this 
diagnosis annually by the 29 responding neurologists, 
with perhaps 20 – 40 of these having biopsy confi rmation. 
Expanding the collaborating neurologist pool  –  and 
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  Table 35.2    Cerebral vasculitis: a common treatment regime. 

   Induction regime (3 months)     Maintenance regime 
(continued for a 
further 10 months)  

  High - dose steroids    Alternate - day steroids 
10 – 20   mg prednisolone  

  Intravenous methyl 
prednisolone, 1   g/day for 
3 days  

    

  Plus    Plus  
  Oral* cyclophosphamide 

2.0   mg/kg  §   (max 200   mg/day)  
  Azathioprine  a   (2   mg/kg/

day) instead of 
cyclophosphamide  

  Then      
  Oral prednisolone 60   mg/day 

(after intravenous methyl 
prednisolone), decreasing 
at weekly intervals by 10   mg 
increments to 10   mg/day if 
possible  

    

    a Methotrexate (10 – 25   mg once weekly) is an alternative to 
azathioprine.   
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National Library of Medicine from January 2005 to June 
2009, the Cochrane Library, existing guidelines (National 
Clinical Clearinghouse, Scottish Intercollegiate Guide-
lines Network, National Institute of Clinical Excellence) 
and textbooks. 

 Data collection and analysis of evidence was per-
formed independently by each participant according to 
the above assignment. 

 On the basis of the single reports, A.S. produced a fi rst 
draft of the updated guidelines, which was then submit-
ted several times for the approval of all the members until 
any discrepancies on each topic were solved and a con-
sensus was reached.  

  Grading of  r ecommendations 

 The literature is analysed giving the class of evidence 
(I – IV) according to EFNS guidelines  [7] . 

 The recommendation section includes statements 
classifi ed in levels A – C derived from Classes I – III of evi-
dence according to EFNS guidelines when feasible. For 
those clinical areas exhibiting Class IV scientifi c evidence, 
recommendations were based on the agreement obtained 
and indicated in the text as Good Practice Points (GPP).  

  Results 

  Immunosuppression  n eurotoxicity 
 The most widely used immunosuppressants in LT 
are the calcineurin inhibitors ciclosporin (CS) and 
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   Introduction 

 Neurological problems are reported in 13 – 47% of 
patients after orthotopic liver transplantation (LT)  [1, 2] , 
with a signifi cantly lower incidence in living donor liver 
transplantation versus patients who receive a cadaveric 
graft  [3] . Most neurological complications occur early 
after surgery and increase morbidity, mortality, and hos-
pital stays  [4 – 6] . 

 In 1999, a Task Force was set up under the auspices of 
the European Federation of Neurological Societies 
(EFNS) to devise guidelines to prevent and manage neu-
rological problems in LT  [4] . We considered six key topics 
in clinical practice: immunosuppression neurotoxicity, 
seizures, central pontine myelinolysis (CPM), neuromus-
cular disorders, cerebrovascular disorders, and central 
nervous system (CNS) infections. Attention focused on 
problems emerging in the fi rst 6 months after surgery. 

 The present article is an update and revision of the 
previous guidelines.  

  Search  s trategy 

 Each member of the Task Force was assigned one of the 
six selected topics and systematically reviewed the rele-
vant literature through the MEDLINE database of the 

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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 To treat neurotoxicity, a reduction of dose and switch-
ing from CS to FK506 and vice versa have been suggested 
 [18, 19]  (Class IV). 

 The recent use of novel drug combinations (calcineu-
rin inhibitors plus mycophenolate mofetil or sirolimus) 
allows lower dosages of CS and FK506  [20]  without 
weakening the immunosuppression effi cacy (Class IV). 
The same occurs with the implementation of so - called 
CS -  and FK506 - sparing regimens by switching to myco-
phenolate mofetil or sirolimus  [4, 21]  (Class IV). 

 In most cases, these approaches lead to a resolution of 
symptoms  [22, 23]  (Class IV) and a reversal of neuroim-
aging abnormalities  [15, 16, 24, 25]  (Class IV). However, 
some patients with irreversible defi cits are occasionally 
seen  [26, 27]  (Class IV), especially if the immunosup-
pressive regimen is not changed promptly. 

 Minor side effects are usually transient and self - limit-
ing. Headache, tremor, paraesthesiae, and insomnia are 
successfully managed with symptomatic conventional 
treatment  [1]  (Class IV). However, a change in the immu-
nosuppressive regimen has occasionally been necessary 
in refractory headache  [28 – 30]  (Class IV). Recently, a 
favourable prophylactic effect of ribofl avin on post - trans-
plant headache has been reported  [31]  (Class IV). 

 OKT3 neurotoxicity usually presents with headache, 
rarely with transient aseptic meningitis, and exception-
ally with a diffuse encephalopathy. The use of lower doses 
or pre - treatment with steroids, antihistaminic drugs, or 
indomethacin may decrease the severity of symptoms 
 [32]  (Class IV). Acute side effects of corticosteroids 
include behavioural and mood disorders, while chronic 
use may lead to myopathy, both reversible with adjust-
ment of therapy  [33]  (Class IV).    

tacrolimus (FK506). Mycophenolate mofetil, sirolimus 
(or rapamycin), and its derivate everolimus have recently 
been introduced. Corticosteroids, OKT3, and antithy-
mocyte globulin complete the immunosuppressive 
regimen. Neurotoxicity is mainly associated with CS and 
FK506, amounting to 10 – 30% for CS and up to 32% for 
FK506  [4, 6] . Sirolimus, everolimus, and mycophenolate 
mofetil lack the neurotoxicity of calcineurin inhibitors 
 [4, 8, 9] . Neurotoxicity often occurs early after surgery, 
not always related to high drug plasma levels. Manifesta-
tions vary and mainly affect the CNS. They are usually 
distinguished in minor (tremor, headache, insomnia, 
paraesthesiae) and major (encephalopathy, akinetic 
mutism, seizures, speech disorders, polyneuropathy, 
myopathy). 

 Several predisposing factors have been advocated for 
the neurotoxicity of calcineurin inhibitors: hypocholes-
terolaemia, hypomagnesaemia, hypertension, and 
hepatic encephalopathy  [4, 10]  (Class III). New oral for-
mulations of CS (Neoral)  [11]  and delayed starting and 
low - dosage regimens  [12]  seem to attenuate the severity 
of neurotoxicity, whereas it may be exacerbated by con-
comitant treatments (e.g. metoclopramide)  [13, 14]  
(Classes III and IV). Magnetic resonance imaging (MRI) 
may disclose non - enhancing high - resolution T2 images 
mainly involving the posterior white matter. However, 
CS -  and FK506 - related pontine abnormalities, similar to 
CPM, have also been reported, sometimes associated 
with an insidious speech disorder that may rapidly evolve 
into mutism and locked - in syndrome  [4] . Given its sen-
sitivity in revealing cerebral white matter abnormalities, 
MRI supports the diagnosis of neurotoxicity  [15 – 17]  
(Classes II and IV). 

 Recommendations 
     CS and tacrolimus neurotoxicity : prevention requires minimum 
effi cacious doses, oral administration as soon as possible, strict 
monitoring of plasma levels (including metabolites), electrolyte 
imbalance (e.g. hypomagnesaemia), hypertension check and 
correction, and attention to pharmacological interactions (Level 
C). Brain MRI is the choice diagnostic tool (Level B) and should 
be performed as soon as severe neurotoxicity is suspected 
(GPP). In case of major side effects, prompt switching to a 
non - calcineurin inhibitor (e.g. sirolimus) is indicated (GPP). 
Secondary options include conversion from CS to tacrolimus 
and vice versa (GPP). Minor complications require switching 
only in case of intractable and invalidating symptoms. 
Generally, their treatment should follow the guidelines for 

these disorders, administering drugs lacking both hepatotoxicity 
and interference with immunosuppressants (e.g. gabapentin for 
paraesthesiae, ribofl avin for migraine prophylaxis) (GPP). 

  OKT3 neurotoxicity : prevention consists of administering 
minimal dosages and premedication with corticosteroids (GPP). 
Aseptic meningitis does not need treatment because it is 
usually self - limiting. Encephalopathy requires antioedema 
agents and very rarely OKT3 withdrawal (GPP). 

  Corticosteroid neurotoxicity : severe acute behavioural 
disorders may be treated by a temporary reduction and/or 
withdrawal of intravenous steroid administration. Brief regimens 
of low - dose neuroleptics may be considered (GPP).  
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steroid blood levels, with a delayed effect of up to 10 days. 
Prognostic studies report a favourable outcome for both 
survival and absence of seizure recurrence after a short 
period of therapy (1 – 3 months) if seizures are induced 
by metabolic derangements or calcineurin inhibitors  [34, 
35, 41]  (Classes III and IV). Seizures due to cerebrovas-
cular events, sepsis or organ rejection have a poor prog-
nosis  [34] .    

  Seizures 
 Seizures occur in 0 – 40% of LT recipients  [4, 6, 34] , with 
a tendency to lower numbers in the more recent reports. 
Most are generalized tonic - clonic seizures. Convulsive or 
non - convulsive status epilepticus is rare. Seizures occur 
most often early after surgery, due to drugs, acute meta-
bolic derangement, hypoxic – ischaemic injury, cerebral 
lesions, sudden withdrawal of narcotic agents, or inad-
vertent discontinuation or changes in anticonvulsant 
drugs in patients with epilepsy. Immunosuppressant tox-
icity is the main aetiology  [4] . 

 Preventive measures mainly focus on the control of 
metabolic parameters and correct drug management. 
The diagnostic approach includes a wide spectrum of 
tests to cover all possible causes  [35, 36]  (Class IV). Cere-
bral MRI is the investigation of choice to search for 
seizure aetiology in the general population  [37]  (Class II) 
and also seems applicable in LT patients, as MRI can 
detect immunosuppressant - related brain damage, CNS 
infection, metabolic lesions, stroke, or CNS tumours. 

 No randomized controlled trials are available on the 
use of antiepileptic drugs in liver - transplanted patients. 
Treatment can be problematic because of both the inter-
ference between most antiepileptics and immunosup-
pressants, and the frequent need for intravenous therapy. 
Switching between tacrolimus and CS has been described 
to be effective for seizure control in immunosuppressant -
 induced cases  [38]  (Class IV). Among intravenous anti-
convulsants, phenytoin was preferred in the past  [35]  
(Class IV). 

 Considering the pharmacokinetic properties of leveti-
racetam (no protein - binding, no dependence upon liver 
cytochrome P450, renal excretion, no known active 
metabolites, no drug – drug interactions) and initial clini-
cal experiences  [39] , this new antiepileptic drug can be 
recommended as a fi rst - line therapy for seizure control 
in LT patients, although data from controlled studies are 
lacking (Class IV). Among oral antiepileptics, gabapen-
tin, pregabalin and levetiracetam  [36, 40, 41]  are of inter-
est for both their effi cacy and lack of hepatic induction 
(Class IV). However, doses should be reduced in patients 
with concomitant renal dysfunction, while in patients on 
dialysis supplemental doses must be given after dialysis. 

 Some antiepileptic drugs can produce clinically rele-
vant interactions with the immunosuppressants used 
after LT. Carbamazepine, oxcarbazepine, phenobarbital 
and phenytoin may reduce CS, tacrolimus and cortico-

 Recommendations 
    Seizure prevention requires close monitoring of metabolic 
parameters and immunosuppressant levels, and caution in 
managing discontinuation or adjustment of epileptogenic 
drugs (GPP). The diagnostic approach should routinely 
include laboratory tests, EEG, and neuroimaging. 
Cerebrospinal fl uid (CSF) examination is indicated when CNS 
infection is suspected (GPP). Brain MRI is the current 
standard of reference (Level B). When MRI is not available or 
is contraindicated, computed tomography (CT) can be 
applied (Level C). 

 The fi rst - line intravenous antiepileptic drug is levetiracetam 
at a dose of 500   mg twice daily (up to 1000   mg twice daily) 
(Class IV). Alternatively, phenytoin could be used dosed to 
target a level between 10 and 20     g/ml (GPP). When oral 
administration is possible, gabapentin, pregabalin, or 
levetiracetam should be considered (GPP). Status epilepticus 
management must be managed according to guidelines for 
the general population (GPP). In most cases, antiepileptic 
therapy can be suspended after 3 months (Level C).  

  Central  p ontine  m yelinolysis ( CPM ) 
 CPM is usually seen in alcoholic and malnourished 
patients, attributed to a rapid correction of hyponatrae-
mia. CPM has been reported in 1 – 8% of LT recipients 
 [4] . The high incidence in LT is likely to be favoured by 
the usual hyponatraemic state of patients with cirrhosis 
and by the large replacement of fl uids during the opera-
tion, leading to a sharp increase in plasma levels of 
sodium. CPM occurs early after surgery. The clinical 
picture can vary considerably from paucisymptomatic 
pictures to misleading presentations or severe signs char-
acterized by dysarthria, paraparesis, or quadriparesis  [4] . 
A high mortality rate has been reported  [42, 43] . 

 Hyponatraemia and an abrupt rise in serum sodium 
(  18   mM/l per 24 – 48   h) are signifi cantly related to CPM 
in LT recipients  [42, 43]  (Class IV). Other risk factors may 
be the plasma osmolality increase after surgery, the dura-
tion of the operation, and high CS levels  [43]  (Class IV). 
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compressive masses (e.g. haematoma) are the main 
causes.  Generalized weakness  occurs in 1.5 – 10% of 
patients and consists of axonal or demyelinating 
polyneuropathy and necrotizing myopathy, mainly 
related to immunosuppression neurotoxicity and critical 
illness. Guillain – Barr é  syndrome and chronic infl amma-
tory demyelinating polyneuropathy are also reported  [4] . 

 No systematic studies have analysed the risk factors for 
neuromuscular complications in LT. Diabetes and alco-
holism do not seem to increase the risk of perioperative 
mononeuritis  [51]  (Class III). High doses of corticoste-
roids and the use of non - depolarizing neuromuscular 
blocking agents are reported to favour quadriplegia after 
LT  [51, 52]  (Class III). Diagnosis is mainly based on 
conventional electrophysiological study, muscular 
enzyme assessment and CSF examination. Nerve or 
muscle biopsy should also be considered. The prognosis 
is usually good  [52 – 54]  (Class IV), but some patients 
need mechanical supports to walk. 

 The prevention of perioperative neuropathy is focused 
on careful perioperative nursing  [55]  (Class IV). Mini-
mizing the use of corticosteroids and neuromuscular 
blocking agents in a critical illness setting has proved to 
be of help in preventing neuromuscular disorders  [56]  
(Class IV). Treatment includes a change of immunosup-
pression when neurotoxicity is the cause  [57, 58]  (Class 
IV), and conventional therapy in case of Guillain – Barr é  
syndrome  [59]  or chronic infl ammatory demyelinating 
polyneuropathy  [60]  (Class II). No specifi c treatment 
exists for critical illness neuromuscular disorders. In 
monocentre studies, intensive insulin therapy with the 
aim of strict glycaemic control showed a signifi cant 
reduction in morbidity, mortality, and critical illness 
neuropathy  [61] . However, further trials, including a 
recent large multicentre randomized study in 6104 
patients, could not confi rm these results, and therefore 
strict glycaemia control with target levels between 81 and 
108   mg/dl are no longer recommended  [62] .    

 There is no defi nite therapy for CPM. Sporadic sug-
gestions include the use of steroids or plasmapheresis 
 [44]  alone or in combination with intravenous immu-
noglobulins  [45]  (Class IV). Re - inducing hyponatrae-
mia in the very early phase of CPM has also been 
proposed  [46]  (Class IV). Prevention is based on a slow 
correction of perioperative hyponatraemia  [42, 43] , not 
exceeding 8   mM/l per day  [47] . Transplantation at an 
early stage of the liver disease has also been suggested 
 [43]  (Class IV). MRI is currently the best investigation 
 [48]  (Class IV). 

 The large - scale introduction of MRI has increasingly 
facilitated the ante mortem diagnosis of CPM, although 
the radiological fi ndings lag behind and do not necessar-
ily correlate with the clinical picture. Serial MRI could be 
needed because the appearance of the lesion may be 
delayed  [49]  (Class IV). Magnetic resonance spectros-
copy and perfusion of CPM have rarely been described. 
In an earlier phase, pontine lesions may show high - signal 
intensity on diffusion - weighted imaging (DWI) with 
decreased apparent diffusion coeffi cient value, decreased 
N - acetylaspartate (NAA)/creatine (Cr) ratio, increased 
choline (Cho)/Cr ratio, and increased perfusion on the 
cerebral blood volume map. In a chronic phase, the 
lesion may show isosignal intensity on DWI, a further 
decreased NAA/Cr ratio, an increased Cho/Cr ratio, and 
decreased perfusion  [50]  (Class IV).    

 Recommendations 
    Given enough time before LT, hyponatraemia should be 
corrected slowly. The variations in serum sodium 
concentration must be carefully monitored and controlled 
before and during surgery to avoid major fl uctuations (GPP). 
If the patient is hyponatraemic when undergoing LT, a 
perioperative hourly correction rate at or below 0.5   mM/l per 
hour should be maintained. The correction rate should not 
exceed 8   mM/l per day (GPP). MRI should be performed early 
and repeated if negative (GPP).  

  Neuromuscular  d isorders 
 Neuromuscular disorders present with focal or general-
ized weakness  [4] .  Focal weakness  includes mononeu-
ropathies, with an incidence of 2 – 13%, and brachial 
plexopathy (1 – 5.8%). Axonal involvement is common. 
Invasive procedures, perioperative positioning and rarely 

 Recommendations 
     Perioperative mononeuropathies : prevention implies caution 
during catheterization, and avoiding blinded cannulations 
and external compressions by blood pressure cuffs or 
tourniquets (GPP). 

 To reduce perioperative malpositioning, it is indicated to 
maintain the arms at less than 90 °  of abduction, to maintain 
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   CNS   i nfections 
 CNS infections in LT recipients are favoured by immu-
nosuppression, the incidence being estimated to reach 
5%  [69, 70] , with a high mortality  [49, 71] . It seems 
reasonable to differentiate CNS infections after LT into 
those clinically relevant within 1 month after organ 
transplantation and those infections with the highest risk 
of occurring 1 – 6 months after LT. 

 Infections leading to CNS disease within 1 month are 
usually caused by the fact that the pathogenic agent was 
already present before transplantation, was acquired 
through the transplanted organ, occurred as a complica-
tion of surgery, or represents an intensive care complica-
tion (e.g. invasive catheter - associated infection, etc.)  [71, 
72] . Beside staphylococci, LT recipients have an immedi-
ate post - surgery risk of infection with enteric organisms, 
i.e. Gram - negative bacteria, enterococci or  Candida . 

 The highest risk of developing a post - transplant CNS 
infection is seen 1 – 6 months after LT. In this period of 
time, parasites, fungi, and viruses of the family of herpes-
viridae (herpes simplex virus type 1 and type 2, human 
herpes virus 6, cytomegalovirus, varicella zoster virus) act 
as opportunistic pathogenic agents  [72, 73] . Opportunis-
tic infections presenting beyond 6 months after LT are 
frequently seen in patients with a chronic rejection 
reaction, namely in those patients needing high - dose 

  Cerebrovascular  d isorders 
 Acute cerebrovascular disorders occur in 2 – 6.5% of LT 
recipients, mostly with cerebral haemorrhage, usually 
within 2 months after surgery  [4, 63, 64] . Focal defi cits 
may be obscured by diffuse encephalopathy. Several risk 
factors are recognized, those directly associated with 
hepatic failure such as coagulation disturbances, and 
those secondary to immunosuppressive therapy such as 
hypercholesterolaemia, diabetes, and hypertension  [65 –
 68] . Perioperative events, such as cerebral hypoperfusion 
and massive transfusion, may also favour cerebrovascular 
injury. Causes of cerebral bleeding include  Aspergillus  
angiopathy and mycotic aneurysms. Older age and sys-
temic infection may be possible risk factors of in - hospital 
intracranial haemorrhage  [64] . 

 Adjustment of cerebrovascular risk factors before, 
during, and after LT is the main preventive measure  [65, 
67]  (Class IV). 

 Diagnosis and treatment are similar to those adopted 
in the general population. Attention is paid to the search 
for infection as a cause of acute cerebrovascular disor-
ders, in order to institute prompt systemic antibiotic/
antifungal therapy once infection occurs, especially in 
elderly patients  [64, 65]  (Class III – IV). Effective mea-
sures should be taken to prevent post - transplant infec-
tion, such as improvement of patient ’ s systemic 
condition, bacteriological surveillance, and infection 
control measures.    

the arms at less than 30 °  of extension when combined with 
abduction, padding the exposed nerves (i.e. at the level of 
fi bular head, popliteal space, calcaneus, under the forearms, 
under the hands) with frequent repositioning during 
prolonged surgery. Patients should be instructed to avoid 
postures potentially compressing or stretching the nerves 
(GPP). 

  Generalized weakness : prevention requires avoiding when 
possible the prolonged use of non - depolarizing 
neuromuscular blocking agents, and minimizing the use of 
high - dose intravenous corticosteroids (Level C). In case of 
calcineurin inhibitor toxicity, prompt switching to a different 
agent (e.g. sirolimus) is recommended (GPP). Customary 
general treatment for critical illness and conventional 
management of Guillain – Barr é  syndrome and chronic 
infl ammatory demyelinating polyneuropathy are indicated 
(Level B).  

 Recommendations 
    Prevention includes correction of coagulopathies before 
surgery (e.g. administration of platelets and blood products, 
but with caution due to the risk of consumptive 
coagulopathy), avoiding perioperative cerebral 
hypoperfusion, and control of cerebrovascular risk factors 
after LT (especially hypertension) (GPP). According to general 
guidelines, CT scanning is the preferred diagnostic test in 
the early phases of acute cerebrovascular disorders, 
especially to detect haemorrhage (Level C). Despite its 
greater sensitivity, MRI is often not tolerated or is not 
applicable immediately after LT, but should be considered to 
characterize vascular lesions or to rule out other aetiologies 
(GPP). 

 A search for bacteriaemia or fungaemia to detect 
infection should be routinely applied (GPP). The general 
treatment of cerebrovascular disorders in LT should not 
differ from that applied in the general population (GPP). 
Concomitant antifungal treatment should be given in the 
presence of angiopathy related to CNS infections (Level C).  
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examined textbooks and existing guidelines. According 
to the guidance for the preparation of neurological man-
agement by European Federation of Neurological Soci-
eties task force  [3] , articles were included if they 
contained data that could be rated according to grades 
of recommendation for treatment classifi ed in terms of 
evidence - based medicine. Most guideline recommenda-
tions in this document are derived from case reports 
(Class IV evidence), as no large trials have been con-
ducted in fatty acid disorders. These guidelines refl ect 
consensus in the opinions of experts in the fi eld (Good 
Practice Points). The consensus was reached by analys-
ing series of treated patients and discussing pre - existing 
guidelines.  

  Results 

   CPT   II   d efi ciency 
 In the most typical presentations, CPT II defi ciency is 
seen in young adults (table  37.1 ) experiencing episodes 
of muscle pain and rhabdomyolysis triggered by pro-
longed exercise, fasting, cold, or a combination of these. 
The disease is autosomal recessive and is mostly seen in 
males, but intolerance to exercise might be observed also 
in carriers of CPT II mutations, suggesting a dominant 
negative effect of this tetrameric protein  [4] . The rhab-
domyolytic attacks are associated with pain, stiffness 
without cramps, and highly elevated creatine kinase 
levels (about 50 000 U or maybe even up to 200,000 U), 
refl ecting muscle necrosis. This may lead to acute renal 
failure.   
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   Introduction 

 Lipid storage myopathies (LSMs) represent various 
disease entities whose biochemical defects are heteroge-
neous  [1] ; these disorders might be due either to defects 
of the carnitine membrane carrier or to enzymatic defects 
in beta - oxidation of long - chain fatty acid (LCFA).  L  -
 carnitine, carnitine palmitoyltransferase I (CPT I), carni-
tine acyltranslocase, and CPT II provide a mechanism 
whereby long - chain fatty acyl - CoA molecules are trans-
ferred from the cytosol across the outer and inner mito-
chondrial membrane to the mitochondrial matrix, where 
they undergo beta - oxidation  [2] . A series of enzymes 
bound to the mitochondrial inner membrane or dis-
solved in the matrix transform fatty acyl - CoA into acetyl -
 CoA (fi gure  37.1 ). A mitochondrial trifunctional protein 
associated to the inner mitochondrial membrane has 
been identifi ed that performs three different enzymatic 
activities during LCFA oxidation. The description of the 
disorders has been organized according to the pathway of 
LCFA transfer and oxidation.    

  Search  s trategy 

 The task force for metabolic disorders systematically 
searched the MEDLINE database using key words, and 

European Handbook of Neurological Management: Volume 1, 
2nd edition. Edited by N. E. Gilhus, M. P. Barnes and M. Brainin. 
© 2011 Blackwell Publishing Ltd.
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CPT II defi ciency leads to an increase of serum 
palmitoylcarnitine (C16:0) and oleoylcarnitine (C18:1), 
whereas short -  and medium - chain acylcarnitines are 
normal (fi gure  37.3 ), and in attacks free carnitine is low. 
Only a small amount of plasma (100     l) or blood spotted 
onto fi lter paper (Guthrie card) is required. It is impor-
tant to collect samples from patients when they are 
acutely ill, since a non - signifi cant profi le can be observed 
when patients are metabolically well equilibrated.   

 It is noteworthy that CPT II patients show the same 
elevated long - chain acyl - carnitine profi le in plasma as 
carnitine/acylcarnitine translocase (CACT) defi ciency. 
These disorders can easily be distinguished by their clini-
cal presentation. However, the clinical presentation of the 
severe hepato - cardio - muscular form of CPT II defi ciency 
can signifi cantly overlap with that of CACT defi ciency. In 
most cases, a direct measurement of enzymatic activity is 
required to differentiate between these two metabolic 
defects. Tandem mass spectrometry of serum acylcarni-
tines is a rapid screening test that should be included early 
in the diagnostic work - up of patients with recurrent myo-
globinuria, recurrent muscular weakness, and myalgia. In 

  Diagnosis 
 CPT II defi ciency was routinely diagnosed by the deter-
mination of enzyme activity in muscle biopsies involving 
the time - dependent conversion of radiolabelled CPT II 
substrates by the isotope - exchange assay. Now, when 
available, the diagnosis can be made on the basis of 
genetic analysis (fi gure  37.2 ) and acylcarnitine profi le.   

 Analysis of acylcarnitines in the blood, using tandem 
mass spectrometry, was developed in the late 1980s, 
allowing the diagnosis of most inborn errors of fatty acid 
metabolism, including CPT II defects. A characteristic 
profi le of blood acylcarnitines has been reported  [5] : 

     Figure 37.1.     Pathway of long - chain fatty 
acid oxidation by enzymes in the inner 
mitochondrial membrane. CPT II, carnitine 
palmitoyltransferase II; VLCAD, very - long -
 chain acyl - CoA dehydrogenase; FAD, 
fl avine adenine dinucleotide; FADH 2 , 
reduced form of FAD; ETF, electron -
 transferring fl avoprotein (RED, reduced; 
OX, oxidized); ETFDH, electron transfer 
fl avoprotein dehydrogenase (RED, reduced; 
OX, oxidized); LCEH, long - chain enoyl 
hydratase; LCHAD, long - chain beta - hydroxy 
acyl - CoA - dehydrogenase; NAD, 
nicotinamide adenine dinucleotide (NADH 2 , 
reduced form of NAD); LCKT, long - chain 
beta - keto thiolase; CAR, carnitine; CoA, 
coenzyme A. The other co - factors and 
enzymes are in either the cytosol or the 
mitochondrial matrix.  

&37
,,

$&</±&$51,7,1(

5 &$5

5 6&R$ )$' (7)5('

(7)2;

(7)'+2;

(7)'+5('
5

5

5

5

6&R$

6&R$

6&R$���&+�&R6&R$
)DWW\�$F\O�&R$

�±�&�
��$FHW\O&R$

6&R$

)$'+�

)DWW\�$F\O�&R$

9/&$'

/&(+
(QR\O

+\GUDWDVH

/&.7
7KLRODVH

/&+$'
�±K\GUR[\
$F\O&R$

GHK\GURJHQDVH

2

2

2

2+ 2

22

2

!

!

! ! .HWRDF\O�&R$���+6&R$

! +\GUR[\�FRPSRXQG
1$'

"±! XQVDWXUDWHG�FRPSRXQG
(12</���&R$

1$'+�

"

"

,Q
QH
U�P

HP
EU
DQ
H

0
LWR
FK
RQ
GU
LD
O�W
ULI
XQ
FW
LR
QD
O�S
UR
WH
LQ

  Table 37.1     Carnitine palmitoyltransferase ( CPT )  II  defi ciency. 

  Young adults  
  Paroxysmal myoglobinuria  
  Residual: malonyl - CoA insensitive CPT activity  
  CPT gene is located in chromosome 1  
  Serine 113 to leucine is the most common missense 

mutation 6% cases (429C        T)  
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 The acylcarnitine profi le has also demonstrated its 
high value as a fast and non - invasive method for the 
presymptomatic detection of inborn errors of fatty acid 
oxidation in newborn screening. Overnight fasting is 
useful but may lead also to unexpected hypoglycaemic 
episodes.     

particular, in young children suspected of CPT II defi -
ciency, it is desirable to avoid a diagnostic muscle biopsy. 
Further evaluation will clarify whether the typical clinical 
phenotype together with a characteristic mass spectrum 
is suffi cient to establish the diagnosis of a CPT II defect 
without performing tissue enzymatic assay. 

     Figure 37.2.     Structural organization and 
mutational spectrum of the carnitine 
palmitoyltransferase II gene.  
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hyperkalaemia and acidosis, and therefore might prevent 
acute renal failure. 

 In general, patients with CPT II defi ciency must avoid 
triggering factors of metabolic crisis such as fasting, cold, or 
prolonged exercise under fasting or stress - fuel conditions. 
However, a high - carbohydrate diet (20% fat, 15% protein, 
65% carbohydrate) improves exercise tolerance, as indicated 
by a lowering of perceived exertion and an increased duration 
of exercise  [7] . An anaplerotic diet using medium odd - chain 
triglycerides (triheptanoin) might improve cardiomyopathy, 
muscle weakness, and rhabdomyolysis. This kind of therapy is 
based on the concept that triheptanoin as an anaplerotic 

 Recommendations 
    Preventing episodes of myoglobinuria is important, and this 
can be achieved by avoiding strenuous exercise during fasting 
or cold. During an attack, infusion of a 5% glucose solution is 
useful as an alternative metabolic fuel. According to published 
guidelines, a standard treatment protocol for myoglobinuria 
 [6]  is intravenous infusion of hypotonic sodium chloride and 
sodium bicarbonate (sodium chloride 110   mmol/l, sodium 
bicarbonate 40   mmol/l) in 5% glucose solution to which 10 g 
of mannitol per litre is added in a 20% solution. In a person 
weighing 75   kg, the solution should be infused at a rate of 12 
l/day in order to obtain a dieresis of 8 l/day and keep the pH 
above 6.5. This therapeutic regimen will control both 
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     Figure 37.3.     Tandem mass acyl -
 carnitine spectra of serum of a normal 
subject (A) and a CPTII - defi cient patient 
(B). In CPTII defi ciency a characteristic 
elevation of palmitoyl - carnitine (C 16 ) 
and oleoyl - carnitine (C 18:1 ) can be 
observed. 227   Da: free carnitine, 
263   Da: acetyl - carnitine, 291   Da: 
butyryl - carnitine, 311   Da: isovaleryl -
 carnitine, 347   Da: octanoyl - carnitine, 
437   Da: myristoyl - carnitine, 459   Da: 
palmitoyl - carnitine. The peaks related 
to palmitoyl - carnitine and oleoyl -
 carnitine are enclosed in boxes.  
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compound provides an alternative substrate for both the 
tricarboxylic cycle and the electron transport chain, and may 
thus restore energy production  [8 – 10] . 

 A potential new therapy is being investigated using 
peroxisome proliferator - activated receptor (PPAR) - delta 
agonists, such as bezafi brate, which has the ability to partially 
or totally restore fatty acid oxidation in patients with the adult 
form of CPT II defi ciency. A basic study  [11]  showed that 
bezafi brate treatment of mild - type CPT II - defi cient fi broblasts 
resulted in a time -  and dose - dependent increase in CPT II 
mRNA and residual enzyme activity, and led to a normalization 
of 3H - palmitate and 3H - myristate cellular oxidation rates, 
suggesting that PPARs could be therapeutic targets for the 
correction of hereditary beta - oxidation defects. Bezafi brate did 
not correct fatty acid oxidation in fi broblasts from patients 
with a severe CPT II - defi cient phenotype. 

 A French group  [12]  evaluated the effi cacy of bezafi brate as 
a treatment in six adults with the mild adult form of CPT II 

defi ciency. After bezafi brate treatment, the palmitoyl 
 L  - carnitine oxidation levels and the CPT II mRNA in skeletal 
muscle increased signifi cantly, the episodes of rhabdomyolysis 
decreased, and the quality of life (evaluated with the use of 
the 36 - Item Short - Form General Health Survey) improved 
considerably. The results of this pilot trial showed a therapeutic 
effi cacy of bezafi brate, suggesting that further study of this 
agent for the pharmacological treatment of the mild form of 
CPT II defi ciency might be of interest. 

 Bezafi brate has been prescribed for more than 25 years as a 
hypolipidaemic agent, in large cohorts of adults, and is 
generally considered to have a good safety profi le. 
Occasionally, a drug - induced increase in plasma levels of 
creatine phosphokinase can be observed. However, 
bezafi brate - induced rhabdomyolysis is extremely rare and has 
only been reported in patients with renal insuffi ciency who 
tend to accumulate the drug.  
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occasional diarrhoea or a fi shy body odour. In some 
cases, a medium - chain triglyceride diet may be added 
(Class IV evidence).  

  Muscle  c arnitine  d efi ciency 
 In primary muscle carnitine defi ciency, the clinical syn-
drome is confi ned to skeletal muscle  [18, 19] ; the clinical 
features are episodes of fl uctuating muscle weakness, 
affecting mostly the limb and neck muscles, and severe 
myalgia.  

  Diagnostic  g uidelines and  t herapy 
 The patients show appropriate ketogenesis on fasting and 
on a fat - rich diet. Biochemical features are low muscle 
carnitine (below 15%) and absence of organic aciduria. 
Carnitine concentrations in the plasma and liver are 
normal. There is  in vitro  stimulation by  L  - carnitine of 
labelled palmitate and oleate oxidation. Although much 
is known about the mechanisms of carnitine transport, 
data on muscle - specifi c transport (low affi nity) in human 
muscle carnitine defi ciency cases are still scanty. In a 
childhood case, an abnormal low - affi nity carnitine trans-
port  [19]  was found in cultured muscle. This could be 
due to either a delayed maturation or an abnormal car-
nitine carrier protein. The available evidence indicates 
that the low muscle content is the result of a genetic 
defect in the sarcolemmal carnitine transporter. There-
fore, muscle carnitine defi ciency could be caused by an 
abnormal low - affi nity carrier or by a low amount of sar-
colemmal carnitine carriers. It is distinguished from car-
nitine insuffi ciency by the absence of acylcarnitine 
elevation in plasma or urine. 

 Treatment with an  L  - carnitine replacement and 
medium chain triglyceride diet has been successful in a 
number of cases (Class IV evidence).   

  Defects of  b eta -  o xidation 
 Defects of fatty acid oxidation may affect muscle alone 
or in conjunction with other tissue manifestations, i.e. 
liver and heart (table  37.3 ). For most of the different 
enzyme defi ciencies, the clinical features are similar. In 
some patients, this is refl ected by exercise - induced muscle 
pain and rhabdomyolysis. The diagnosis is often sug-
gested by characteristic patterns of organic acids excreted 
in the urine, which are specifi c for various enzymatic 
blocks.   

 Enzymatic and immunochemical analysis performed 
in fi broblasts and/or in muscle and liver mitochondria 

  Table 37.2    Primary systemic carnitine defi ciency. 

  Inheritance: autosomal recessive  
  Gene: OCTN2 organic cation transporter  
  Clinical presentation  
     Progressive cardiomyopathy  
     Muscle weakness  
     Fasting hypoglycaemia  
     Urine: normal organic acid pattern  
     Low total carnitine in plasma, urine and muscle  
     Normal ratio carnitine/acyl - carnitines  
     Molecular biology: several point mutations reported  

   OCTN2, organic cation transporter 2.   

  Carnitine  t ransport  d efects 
 Primary  L  - carnitine defi ciency syndromes are rare bio-
chemical disorders and can be classifi ed on the basis of 
clinical and biochemical criteria into muscle carnitine 
defi ciency and systemic carnitine defi ciency. A carnitine 
defi ciency syndrome should be suspected in a patient 
with LSM when the following symptoms are present: 
hypoglycaemia, with or without ketoacidosis with a 
Reye - like syndrome, myalgias, weakness, abnormal fati-
gability, and cardiomyopathy with left axis deviation  [13, 
14] . Primary systemic carnitine defi ciency is a well -
 recognized treatable entity of childhood (table  37.2 ) 
characterized by progressive cardiomyopathy, LSM, 
attacks of hypoglycaemia, and hepatomegaly with a 
Reye - like syndrome that may lead to permanent brain 
damage  [15] .   

  Diagnosis 
 In several cases, a defect of the carnitine  ‘ high - affi nity ’  
transport organic cation transporter 2 ( OCTN2 ) gene has 
been demonstrated in cultured fi broblasts, and genomic 
DNA can be screened for mutations  [16, 17] .  

  Guidelines for  t herapy 
 Carnitine supplementation corrects cardiomyopathy and 
other clinical signs  [13] . In some cases, this treatment 
may prevent the need for cardiac transplantation. The 
 L  - carnitine dose may vary from 100 to 600   mg/kg per day 
on the basis of the calculated carnitine depletion from 
muscle, liver, heart, and kidney. Individually adjusted 
dosing may require plasma level measurements. No side 
effects are noted for  L  - carnitine supplementation except 
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and their pattern of appearance in plasma and urine is a 
useful diagnostic test  [2] . They are especially important 
in the diagnosis of beta - oxidation blocks such as VLCAD 
or MCAD defi ciencies. 

 Other secondary metabolites, produced by enzymatic 
reactions that free CoA from acyl residues, can be detected 
in patients ’  urine. Glycine derivatives like hexanoyl -
 glycine or phenylpropionyl - glycine are pathognomonic 
of MCAD defi ciency. The presence of glycine or acylcar-
nitine derivatives in the urine indicates an increased 
accumulation of acyl - CoA in the mitochondria. Glutaric 
aciduria type 2 is pathognomonic of ribofl avin - responsive 
LSM. Fat accumulation in a muscle biopsy depends upon 
diet and activity level. Analysis of metabolites is a crucial 
investigation, and can be combined with a study of 
labelled fatty acid oxidation and appropriate enzyme 
studies in fi broblasts.   

   VLCAD   d efi ciency 
 VLCAD defi ciency has mostly been described in children 
 [20] . The patients reported so far can be grouped accord-
ing to their clinical course: a fi rst group has an onset in 
the fi rst few months of life and shows a high mortality; 
a second group is characterized by recurrent episodes of 
coma after fasting, but presents no cardiomyopathy; a 
third group presents with late - onset rhabdomyolysis and 
myalgia after muscle exercise. 

 Defi cient patients cannot oxidize C18 to C16 fatty 
acids, whereas the oxidation of shorter fatty acids (shorter 

were used to confi rm the diagnosis The use of acylcarni-
tine and genetics has completely changed the way in 
which we diagnose the inborn errors of beta - oxidation, 
which are: 
   •      very long - chain acyl - CoA dehydrogenase (LCHAD or 
VLCAD) defi ciency;  
   •      trifunctional enzyme defi ciency;  
   •      medium - chain acyl - CoA dehydrogenase (MCAD) 
defi ciency;  
   •      short - chain acyl - CoA dehydrogenase (SCAD) 
defi ciency;  
   •      ribofl avin - responsive disorders of    - oxidation (RR - 
MADD).    

  Guidelines for the  l aboratory  d iagnosis of 
 f atty  a cid  o xidation  d efects 
 Dicarboxylic aciduria is a distinct fi nding associated with 
a metabolic block of beta - oxidation. The substrates are 
converted to dicarboxylic acids by the combined action 
of omega - oxidation in the endoplasmic reticulum and by 
peroxisomal beta - oxidation. 

 The metabolic intermediates accumulating behind the 
enzymatic block can be detected in urine and blood. 
Often, they are formed only during a metabolic crisis. 
The qualitative and quantitative study of the organic 
acids produced in the patients is indicated by gas 
chromatography – mass spectrometry (GC – MS) analysis. 
Acylcarnitines can be revealed in patients with organic 
aciduria due to the activity of acylcarnitine transferase, 

  Table 37.3    Clinical features in metabolic defects of fatty acids disorders. 

        Cramps     Myoglobinuria     Myalgia     Weakness     Heart     Metabolic crisis  

  Systemic carnitine 
transporter  

                                    

  Muscle carnitine                                      
  CPT II                                      
  VLCAD                                      
  Trifunctional protein                                      
  MCAD                                    
  SCAD                                      
  RR - MAD                                      

   CPT II; carnitine palmitoyltransferase defi ciency, VLCAD; very long - chain acyl - CoA defi ciency, MCAD; medium - chain acyl - CoA defi ciency, 
SCAD; short - chain acyl - CoA defi ciency, RR - MAD; ribofl avin - responsive multiple acyl - CoA - dehydrogenase.   
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sign of cardiomyopathy or myopathy. During the crisis, 
all patients develop hypoketotic hypoglycaemia, with an 
increased ratio of free fatty acids to ketone bodies, ele-
vated serum aminotransferases, and mild hyperam-
monaemia, probably due to increased proteolysis. Plasma 
and tissue carnitine is low (25% of controls in liver and 
muscle), with an increased acyl/free carnitine ratio. The 
secondary carnitine insuffi ciency observed in MCAD -
 defi cient patients is due not only to an increased excre-
tion of acylcarnitines, with depletion of tissue carnitine, 
but also to defective reabsorption in the kidney. 

  Molecular  b iology 
 Several laboratories have identifi ed the molecular aetiol-
ogy of MCAD defi ciency as a common point mutation 
in the locus 1p31 (chromosome 1). The mutation, an A 
to G transition at nucleotide 985, leads to a substitution 
of lysine by glutamic acid in the mature protein dehydro-
genase. It has been observed that patients with MCAD 
synthesize a normally size MCAD precursor, which is 
usually targetted to the mitochondria. A small group 
(10%) of mutation carriers is completely asymptomatic.     

  Table 37.4    Medium - chain acyl -  C  o  A  - dehydrogenase 
defi ciency. 

  Children  
  Reye - like syndrome  
  Fasting hypoglycaemia, non - ketotic  
  Episodes of coma  
  Low total plasma carnitine  
  Decreased tissue carnitine  
  Decreased octanoic oxidation in fi broblasts  
  Medium - chain dicarboxylic aciduria  
  Chromosome lp31  
  Common mutation 329 lysine to glutamic acid 90% of 

cases (986 A        G, K304E)  

than C14) is normal. The disease is inherited as an auto-
somal recessive trait. The common mutation for long -
 chain beta - hydroxy acyl - CoA - dehydrogenase (LCHAD) 
defi ciency is 1538 G  C. The onset of symptoms is in the 
fi rst year of life, characterized by intermittent hypogly-
caemia, lethargy, and coma. The typical presentation is a 
progressive lethargy, evolving into coma during fasting or 
during a febrile episode associated with vomiting and 
diarrhea that induces a catabolic state. Hepatomegaly, 
cardiomyopathy, and muscle weakness are usually 
observed. Exercise - induced myoglobinuria is a possible 
presentation  [21, 22] . Cardiological involvement is fre-
quent. Other distinctive laboratory fi ndings include 
hypoglycaemia, hypoketonuria, high serum ammonia, 
and a slight elevation of serum aminotransferases. Low 
ketones during severe hypoglycaemia strongly suggests a 
specifi c defect of fatty acid oxidation. Liver biopsy, when 
performed, reveals an increase in both macro -  and 
microvesicular fat and mitochondrial abnormalities.  

  Trifunctional  e nzyme  d efi ciency 
 Three adult patients from a family with recurrent rhab-
domyolysis and peripheral neuropathy were reported 
 [23] . A low - fat/high - carbohydrate diet was benefi cial in 
one patient, reducing the frequency of rhabdomyolysis.  

   MCAD   d efi ciency 
 MCAD defi ciency (OMIM number 201450) is the most 
common error of fatty oxidation found in the USA, UK, 
and Northern Europe. Patients present with recurrent 
somnolence, vomiting, coma, hypoglycaemia, fatty infi l-
tration of the liver, and dicarboxylic aciduria. The crises 
are often precipitated by infections. Patients cannot 
oxidize the medium - chain fatty acids (C12 to C6). The 
disorder becomes life - threatening during episodes of 
stress or fasting (table  37.4 ), which result in decreased 
caloric intake or increased catabolism.   

 MCAD defi ciency has been found in cases of Reye - like 
syndrome, and in some cases of sudden infant death syn-
drome. The fi rst episodes of the disorder occur in the fi rst 
12 – 18 months of life. Incidence in the two sexes is similar. 
The mortality rate is 25%, but can reach 60% in cases 
with a later onset (second year of life). In half the families, 
there was a high incidence of death in infancy. 

 Hepatomegaly due to fatty liver has been described in 
some cases. Seizures have been reported, but patients may 
have normal development and growth, and no clinical 

 Treatment Recommendations 
    The treatment is similar in LCHAD and MCAD defi ciency: 
fasting and long intervals between meals should be avoided, 
a high - carbohydrate, low - fat diet should be administered, 
and  L  - carnitine supplementation can be useful in preventing 
secondary carnitine insuffi ciency (Class IV evidence). 
Prevention is important, considering the high incidence of 
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treatment. Ribofl avin defi ciency may be due to different 
mechanisms. Ribofl avin enters as a coenzyme not only in 
acyl - CoA dehydrogenase, but also in complex I and 
complex II of the respiratory chain. Possible mechanisms 
of ribofl avin defi ciency include: (1) decreased cellular 
ribofl avin uptake and decreased fl avin adenine dinucleo-
tide (FAD) synthesis; (2) decreased FAD transport into 
mitochondria; (3) abnormal binding of FAD to apoen-
zymes; and (4) increased catabolism of FAD for increased 
FADPase. A biochemical study of mitochondrial and 
muscle FAD and fl avin mononucleotide (FMN) levels 
reveals different mechanisms in patients with ribofl avin 
defi ciency  [28] . Most of these patients have shown to 
have electron - transferring fl avoprotein dehydrogenase 
(ETFDH) defi ciency [29, 30]. 

  Diagnosis 
 The presence of the characteristic organic acid pattern 
in urine and blood from a newborn with non - ketotic 
hypoglycaemia and metabolic acidosis establishes the 
diagnosis as glutaric aciduria type II. Urinary organic 
acid analysis by GC – MS shows an increase in lactic acid, 
malonic acid, ethylmalonic acid, glutaric acid, adipic 
acid, 2 - hydroxyglutaric acid, suberic acid, sebacic acid, 
and dodecanedioic acid. The fi nding of 2 - hydroxyglutaric 
aciduria in such patients is a useful diagnostic point and 
distinguishes the condition from glutaric aciduria type I 
(glutaryl - coA dehydrogenase defi ciency), in which 
3 - hydroxyglutaric is excreted. 

 Diagnosis in the late - onset cases may be considerably 
more diffi cult because metabolic acidosis, the usual indi-
cation for examining urine organic acids, may not be 

  Table 37.5    Ribofl avin - responsive multiple acyl -  C  o  A  -
 dehydrogenase defi ciency. 

  Myopathic form  
  Adult onset  
  Lipid storage myopathy  
  Low SCAD, MCAD  
  Low free carnitine, increased acyl - carnitines, glutaric 

aciduria type 2  
  Ribofl avin responsive  

   SCAD, short - chain acyl - CoA defi ciency; MCAD, medium - chain 
acyl - CoA defi ciency.   

   SCAD   d efi ciency 
 Few patients with SCAD defi ciency have been described. 
In SCAD defi ciency, the dicarboxylic aciduria is not strik-
ing. Many shorter - chain fatty acid residues are seen, such 
as ethylmalonic, butyric, and methylsuccinic acids. In 
these patients, the oxidation of C4 to C6 fatty acids is 
compromised. As MCAD catalyses 50% of C4 dehydro-
genation, the diagnosis may be diffi cult and may require 
inhibition of MCAD with specifi c antisera. SCAD defi -
ciency is associated with different clinical phenotypes: a 
severe infantile form  [25]  and a late - onset myopathic 
picture.  

  Ribofl avin -  r esponsive  m ultiple 
 a cyl -  C  o  A   d ehydrogenase  d efects 
( RR  -  MADD ) 
 This is a relatively common LSM presenting in adult life 
with fl uctuating episodes of profound weakness, associ-
ated with carnitine insuffi ciency and glutaric aciduria, 
and usually underdiagnosed, that responds dramatically 
to ribofl avin  [26 – 28] . Both SCAD and MCAD activity are 
low in the skeletal muscle and mitochondria of these 
patients who present with an LSM  [26, 27] . Therefore this 
entity is called ribofl avin - responsive multiple acyl - CoA 
dehydrogenase defi ciency (RR - MADD) (table  37.5 ).   

 It is diffi cult to explain the improvement of patients 
and the enzyme changes observed during ribofl avin 

the disease (1 in 8930 in a newborn screening programme 
in Pennsylvania, USA) and the good prognosis in patients 
under adequate dietary control. The best prevention is the 
identifi cation of patients during the asymptomatic period, 
possibly at birth. Screening of all newborns can be achieved 
by searching for the typical metabolites in the urine. In 
Pennsylvania  [24] , a dry blood spot test on Guthrie cards of 
newborn babies has been proposed to analyse blood 
acylcarnitines using GC – MS. On peripheral blood DNA, the 
identifi cation of the A to G mutation, present in 90% of 
patients, is obtained by restriction analysis (N co I) of the 
relevant sequence amplifi ed by the polymerase chain 
reaction. Data obtained after the initial screening indicate 
that there is a high prevalence of the mutated allele in 
babies of German and British heritage, whereas this 
mutation is rarely found in newborns from the 
Mediterranean area. The data suggest that the mutation 
occurred in a single progenitor in Germany. Prenatal 
diagnosis is possible using the same molecular analysis.  
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present. Furthermore, the organic aciduria in such 
patients is considerably less pronounced and is often 
intermittent, being present only during acute episodes. A 
wider use of blood acylcarnitine analysis should reduce 
the number of missed diagnoses. Acylcarnitine analysis 
can reveal a combined elevation of short - chain (  C6), 

     Figure 37.4.     Structural organization and mutational spectrum of the  ETFDH  gene.  
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medium - chain (C6 – C14), and long - chain (  C14) acyl-
carnitines. In RR - MADD, free carnitine in serum is 
decreased because of the increased acylcarnitine levels. 

 Other RR - MADD cases can be diagnosed by enzymatic 
assay and mutation analysis (fi gure  37.4 ) of ETFDH, the 
most frequently involved enzyme  [29] .        

advocated combination therapy with ribofl avin and carnitine 
as more effective, although a few reports have noted the 
ineffectiveness of carnitine. Interestingly, the clinical 
manifestations of primary carnitine defi ciency are sometimes 
similar to those of RR - MADD, especially during metabolic 
crisis. Accordingly, supplementation of ribofl avin together 
with carnitine is reasonable for the patients suspected of 
having RR - MADD, but not yet diagnosed. A more recent 
study  [30]  suggested that combination therapy with 
ribofl avin and CoQ 10  resulted in some cases in a better 
long - term outcome compared with ribofl avin plus carnitine 
in patients with the myopathic form of CoQ 10  defi ciency due 
to ETFDH mutations. Other drugs, such as glycine, 
prednisolone, and insulin, have also been studied, but their 
effectiveness remains uncertain.  

 Recommendations 
    It is important to recognize these patients as they improve 
after ribofl avin treatment (100 – 200   mg/day). Several cases of 
LSM - associated beta - oxidation defects have been reported, 
because of multiple acyl - CoA - dehydrogenase defi ciency, that 
were ribofl avin responsive (Class IV evidence). Evidence that a 
biochemical defect involving the oxidation of short - chain fatty 
acids causes a defi ciency of SCAD, MCAD, and FAD, as well as 
depletion of FMN co - factors in muscle mitochondria should be 
sought in most cases, especially in those who are ribofl avin 
responsive  [28] . 

 Therapy with ribofl avin and a low - fat, low - protein diet is 
benefi cial, although the long - term treatment of patients with 
late - onset glutaric aciduria type II is still challenging. The 
emerging consensus is that ribofl avin prescription is the 
fi rst - line treatment for RR - MADD patients. Most reports have 

  Good Practice Points for the 
 t reatment of  f atty  a cids  d isorders 

 The main caution in defects of mitochondrial beta -
 oxidation is the avoidance of fasting (Class IV evidence). 
By not allowing patients with such disorders to become 
dependent on beta - oxidation, the accumulation of toxic 
intermediate metabolites is avoided and the development 

of the most critical symptoms is minimized. Fat con-
sumption should be restricted to 25% of total calories, 
and the amount of LCFA should be reduced (Class IV 
evidence). Increased caloric intake from carbohydrates 
may be necessary during intermittent illness because of 
increased metabolic demands on the body. A low - fat, 
high - carbohydrate diet is benefi cial in reducing the fre-
quency of rhabdomyolysis in several disorders of fatty 
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senting as recurrent Reye ’ s syndrome .  N Engl J Med   1980 ; 
303 : 1389  –  94 .  

  16.       Tang   NL  ,   Ganapathy   V  ,   Wu   X  ,  et al .  Mutations of OCTN2, 
an organic cation/carnitine transporter, lead to defi cient cel-
lular carnitine uptake in primary carnitine defi ciency .  Hum 
Mol Genet   1999 ; 8 : 655  –  60 .  

  17.       Longo   N  ,   Arnat di San Filippo   C  ,   Pasquali   M  .  Disorders of 
carnitine transport and the carnitine cycle .  Am J Med Genet 
C Semin Med Genet   2006 ; 142 : 77  –  85 .  

  18.       Engel   AG  ,   Angelini   C  .  Carnitine defi ciency of human skel-
etal muscle with associated lipid storage myopathy: reports 
of a new syndrome .  Science   1973 ; 179 : 899  –  902 .  

  19.       Vergani   L  ,   Angelini   C  .  Infantile lipid storage myopathy with 
nocturnal hypoventilation shows abnormal low - affi nity 
muscle carnitine uptake  in vitro  .  Neuromuscul Disord   1999 ;
 5 : 320  –  2 .  

  20.       Hale   DE  ,   Batshaw   MC  ,   Coates   P  ,  et al .  Long - chain 
acyl - coenzyme A dehydrogenase defi ciency: an inherited 
cause of no ketotic hypoglycemia .  Pediatr Res   1985 ; 19 :
 666  –  71 .  

  21.       Olgivie   I  ,   Pourfarzam   M  ,   Jackson   S  ,  et al .  Very long - chain 
acyl - coenzyme A dehydrogenase defi ciency presenting with 
exercise induced myoglobinuria .  Neurology   1994 ; 44 : 463  –
  73 .  

  22.       Orngreen   MC  ,   Norgaard   MG  ,   Sacchetti   M  ,  et al .  Fuel utiliza-
tion in patients with very long - chain acyl - CoA dehydroge-
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defi ciency: adult presentation of a usually fatal beta -
 oxidation defect .  Ann Neurol   1996 ; 40 : 597  –  602 .  

acid metabolism, including CPT II defi ciency  [31]  and 
trifunctional enzyme defi ciency  [23] . The current dietary 
treatment of LCFA defects (high carbohydrates with 
medium even - chain triglycerides, and reduced long -
 chain fats) is based on evidence provided by experts ’  
opinion alone or from descriptive case series without 
controls. It is diffi cult to perform double - blind studies to 
prevent cardiomyopathy, rhabdomyolysis, and muscle 
weakness. 
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at sleep onset or on awakening; sleep paralysis  –  a tran-
sient generalized inability to move or to speak during the 
transition from wakefulness to sleep or vice versa; and 
disturbed nocturnal sleep with frequent awakenings and 
parasomnias. Obesity, headache, memory/concentration 
diffi culties, and depressed mood are additional common 
features of narcolepsy. 

 The prevalence of narcolepsy is estimated at around 
25 – 40 per 100 000 in Caucasian populations. It is often 
extremely incapacitating, interfering with every aspect of 
life, in work and social settings. 

 Excessive daytime sleepiness is lifelong, although it 
diminishes with age as assessed by the multiple sleep 
latency test (MSLT), an objective test of sleepiness based 
on 20 - min polygraphic recording sessions repeated every 
2   h, four or fi ve times a day. Cataplexy may vanish after 
a certain time, spontaneously or with treatment. Hypna-
gogic hallucinations and sleep paralysis are often tempo-
rary. Disturbed nocturnal sleep has no spontaneous 
tendency to improve with time. 

 In the revised International Classifi cation of Sleep Dis-
orders  [3] , three forms of narcolepsy are distinguished: 
narcolepsy with cataplexy, narcolepsy without cataplexy, 
and narcolepsy due to a medical condition. The essential 
diagnostic criteria of narcolepsy with cataplexy are: 
  A.     The patient has a complaint of excessive daytime 
sleepiness occurring almost daily for at least 3 months.  
  B.     A defi nite history of cataplexy, defi ned as sudden and 
transient episodes of loss of muscle tone triggered by 
emotions, is present.  
  C.     The diagnosis of narcolepsy with cataplexy should, 
whenever possible, be confi rmed by nocturnal poly-
somnography followed by an MSLT. The mean sleep 
latency on the MSLT is less than or equal to 8   min, and 
two or more sleep - onset rapid eye movement periods 
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   Introduction 

 The treatments used for narcolepsy, either pharmaco-
logical or behavioural, are diverse. However, the quality 
of the published pieces of clinical evidence supporting 
them varies widely, and studies comparing the effi cacy of 
different substances are lacking. Several treatments are 
used on an empirical basis, especially antidepressants for 
cataplexy, as these medications are already used widely 
in depressed patients, leaving little motivation from the 
manufacturers to investigate their effi cacy in relatively 
rare indications. On the other hand, modafi nil and 
sodium oxybate have been evaluated in large randomized 
placebo - controlled trials. Our objective was to reach a 
consensus on the use of these two drugs and of other 
available medications. 

 Narcolepsy is a disabling syndrome, fi rst described by 
Westphal  [1]  and Gelineau  [2] . Excessive daytime sleepi-
ness is the main symptom of narcolepsy. It includes a 
feeling of sleepiness waxing and waning throughout the 
day, and episodes of irresistible sleep recurring daily or 
almost daily. Cataplexy is the second most common 
symptom of narcolepsy and the most specifi c one. It is 
defi ned as a sudden loss of voluntary muscle tone with 
preserved consciousness triggered by emotion. Its fre-
quency is extremely variable, from one or fewer per year 
to several per day. Other symptoms, referred to as auxil-
iary symptoms, are less specifi c and not essential for the 
diagnosis. These include hypnagogic and hypnopompic 
hallucinations  –  visual perceptual experiences occurring 
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narcoleptics  [6, 7]  and the fi nding that sporadic narco-
lepsy, in dogs and humans, may also be related to a 
defi ciency in the production of hypocretin - 1 ligands  [8] . 
The undetectable hypocretin - 1 levels seem to be the con-
sequence of a selective degeneration of hypocretin cells 
in the lateral hypothalamus. An autoimmune aetiology is 
hypothesized. However, direct evidence for such a mech-
anism is still lacking. 

 Compared with these advances, no revolutionary new 
treatments have been developed for excessive daytime 
sleepiness or cataplexy in the last few years, except for the 
recent trials with intravenous immunoglobulin (IVIg). 
However, there are several reasons for updating the 
European Federation of Neurological Societies (EFNS) 
guidelines on the management of narcolepsy  [9] . First, 
modafi nil has been used successfully in Europe for the 
last 10 – 15 years, decreasing the need to use amphetamine 
and amphetamine - like stimulants. Second, sodium 
oxybate has been approved by the European Medicines 
Agency (EMEA) for the treatment of narcolepsy with 
cataplexy and by the Food and Drug Administration 
(FDA) for the treatment of cataplexy and excessive 
daytime sleepiness in patients with narcolepsy. Third, the 
newer antidepressants are now widely used in the treat-
ment of cataplexy. 

 The fi rst effort in standardizing the treatment of nar-
colepsy was the  ‘ Practice parameters for the use of stimu-
lants in the treatment of narcolepsy ’   [10] . Seven years 
later, an update of these practice parameters for the treat-
ment of narcolepsy, grading the evidence available and 
modifying the 1994 practice parameters, was published 
 –   ‘ Practice parameters for the treatment of narcolepsy: 
an update for 2000 ’   [11] . Then came the guidelines on 
the diagnosis and management of narcolepsy in adults 
and children prepared for the UK  [12] , the EFNS guide-
lines on management of narcolepsy  [9] , and fi nally  ‘ Prac-
tice parameters for the treatment of narcolepsy and other 
hypersomnias of central origin ’   [13] ,  ‘ Treatment of nar-
colepsy and other hypersomnias of central origin ’   [14] , 
and  ‘ Therapies for narcolepsy with or without cataplexy: 
evidence based review ’   [15] .  

  Methods and  s earch  s trategy 

 The best available evidence to address each question was 
sought, with the classifi cation scheme by type of study 

(SOREMPs) are observed following suffi cient nocturnal 
sleep (minimum 6   h) during the night prior to the test. 
Alternatively, hypocretin - 1 levels in the cerebrospinal 
fl uid (CSF) are less than or equal to 110   pg/ml, or one -
 third of mean normal control values.  
  D.     The hypersomnia is not better explained by another 
sleep disorder, medical or neurological disorder, mental 
disorder, medication use, or substance use disorder.    

 The diagnostic criteria of narcolepsy without cataplexy 
include the same criteria A and D, while criteria B and C 
are as follows: 
  B.     Typical cataplexy is not present, although doubtful or 
atypical cataplexy - like episodes may be reported.  
  C.     The diagnosis of narcolepsy without cataplexy must 
be confi rmed by nocturnal polysomnography followed 
by an MSLT. In narcolepsy without cataplexy, the mean 
sleep latency on the MSLT is less than or equal to 8   min, 
and two or more SOREMPs are observed following suf-
fi cient nocturnal sleep (minimum 6   h) during the night 
prior to the test.    

 The diagnostic criteria of narcolepsy due to a medical 
condition include the same criteria A and D, while crite-
ria B and C are as follows: 
  B.     One of the following is observed:  

  i.     A defi nite history of cataplexy, defi ned as sudden 
and transient episodes of loss of muscle tone (muscle 
weakness) triggered by emotions is present.  
  ii.     If cataplexy is not present or is very atypical, poly-
somnographic monitoring performed over the 
patient ’ s habitual sleep period followed by an MSLT 
must demonstrate a mean sleep latency on the MSLT 
of less than 8   min, with two or more SOREMPs 
despite suffi cient nocturnal sleep prior to the test 
(minimum 6   h).  
  iii.     Hypocretin - 1 levels in the CSF are less than 
110   pg/ml (or 30% of normal control values), pro-
vided the patient is not comatose.    

  C.     A signifi cant underlying medical or neurological dis-
order accounts for the daytime sleepiness.    

 Recent years have been characterized by several break-
throughs in the understanding of the pathophysiology of 
the condition. First, there have been the discoveries of a 
mutation of the hypocretin type 2 receptor in the auto-
somal recessive canine model of narcolepsy  [4] , and of a 
narcoleptic phenotype in orexin (hypocretin) knockout 
mice  [5] . Then came the observation of lowered or unde-
tectable levels of hypocretin - 1 in the CSF of most human 
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daytime sleepiness at the national agency level in Belgium, 
Denmark, Germany, France, and Switzerland, and by the 
FDA. All other drugs are  ‘ off - label ’ . 

  Modafi nil ( N 06 BA 07) and  a rmodafi nil 
( FDA   a pproved,  EMEA   n ot  s ubmitted) 
 Modafi nil is a (2 - [(diphenylmethyl) sulfi nyl] acetamide) 
chemically unrelated to central nervous system (CNS) 
stimulants such as amphetamine and methylphenidate. 

 Modafi nil may enhance the activity of wake - promot-
ing neurons by increasing the extracellular concentration 
of dopamine  [17, 18] . This rise in extracellular dopamine 
may be caused by blockade of the dopamine transporter 
(DAT)  [19] . Modafi nil may also reduce the activity of 
sleep - promoting (VLPO) neurons by inhibiting the nor-
epinephrine transporter (NET) presynaptically  [20] . In 
addition, modafi nil could increase the extracellular con-
centration of 5 - hydroxytryptamine in different brain 
areas  [18, 21, 22]  as well as the extracellular concentra-
tion of histamine  [23] . On the other hand, modafi nil 
does not seem to act as an alpha - agonist  [24] , to have a 
direct effect on the reuptake of glutamate or the synthesis 
of gamma - aminobutyric acid (GABA) or glutamate  [25] , 
or to require orexin/hypocretin to act on alertness  [26] . 

 Modafi nil reaches peak bioavailability in about 2   h. 
The main metabolic pathway is its transformation at the 
hepatic level into inactive metabolites that are eliminated 
at the renal level. The elimination half - life is 9 – 14   h. The 
steady state is reached after 2 – 4 days. 

 Co - administration of modafi nil with drugs such as 
diazepam, phenytoin, propranolol, warfarin, some tricy-
clic antidepressants, and selective serotonin reuptake 
inhibitors (SSRIs) may increase the circulatory levels of 
those compounds due to the inhibition of certain cyto-
chrome P 450 (CYP) hepatic enzymes. On the other 
hand, modafi nil may reduce plasma levels of oral contra-
ceptives due to the induction of some CYP hepatic 
enzymes  [27] . Hence, women should be advised to use a 
product containing 50     g or more of ethinylestradiol or 
an alternative method of contraception while using 
modafi nil. 

 Armodafi nil is the  R  - enantiomer of modafi nil. It pri-
marily affects areas of the brain involved in controlling 
wakefulness. Despite similar half - lives, plasma concen-
tration following armodafi nil administration is higher 
late in the day than that following modafi nil administra-
tion, resulting in a more prolonged effect during the day 

design according to the EFNS guidance document  [16] . 
If the highest level of evidence was not suffi cient or 
required updating, the literature search was extended to 
the lower adjacent level of evidence. Several databases 
were used, including the Cochrane Library, MEDLINE, 
EMBASE, and Clinical Trials until September 2005. 
Previous guidelines for treatment were sought. Each 
member of the task force was assigned a special task, 
primarily based on symptoms of narcolepsy (excessive 
daytime sleepiness and irresistible episodes of sleep, 
cataplexy, hallucinations and sleep paralysis, disturbed 
nocturnal sleep, parasomnias) and also on associated 
features (obstructive sleep apnoea hypopnoea syndrome, 
periodic limb movements during sleep, neuropsychiatric 
symptoms) and special treatments (behavioural and 
experimental).  

  Methods for  r eaching  c onsensus 

 Each member of the task force was fi rst invited to send 
his own contribution to the chairman. A meeting gather-
ing seven of the nine members of the task force was then 
scheduled during the Vth International Symposium on 
Narcolepsy in Ascona, Switzerland, 10 – 15 October 2004. 
A draft of the guidelines was then prepared by the chair-
man and circulated among all members of the task force 
for comments. On receipt of these comments, the chair-
man prepared the fi nal version that was circulated again 
among members for endorsement. 

 The current revision of the EFNS guidelines was pre-
pared by the chairman based on the same databases until 
November 2009 and circulated among members for 
endorsement.  

  Results 

  Excessive  d aytime  s leepiness and 
 i rresistible  e pisodes of  s leep 
 Modafi nil is approved for the treatment of excessive 
daytime sleepiness in narcolepsy by both the EMEA and 
the FDA; sodium oxybate is approved for the treatment 
of narcolepsy with cataplexy in adults by the EMEA, and 
for the treatment of excessive daytime sleepiness and 
cataplexy in patients with narcolepsy by the FDA. Meth-
ylphenidate is approved for the treatment of excessive 
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400   mg once - daily regimen (both  p         0.05). In addition, 
a Class IV evidence study  [37]  has indicated that, in 
patients switched from amphetamine or methylpheni-
date to modafi nil, the frequency of cataplexy may increase 
due to the mild anticataplectic effect of the latter. 

 The most frequently reported adverse effects are head-
ache (13%), nervousness (8%), and nausea (5%). Most 
adverse effects are mild to moderate in nature  [35] . 

 There is no reported evidence that tolerance develops 
to the effects of modafi nil on excessive daytime sleepi-
ness, although some clinicians have observed it. Simi-
larly, it is generally accepted that modafi nil has a low 
abuse potential  [38] . On rare occasions, worsening of 
cataplexy with modafi nil has been observed. 

 The FDA classifi es drugs as A (controlled studies 
in humans have shown no risk), B (controlled studies in 
animals have shown no risk), C (controlled studies 
in animals have shown risk), and D (controlled studies 
in humans have shown risk) according to their embryo-
toxic and teratogenic effects. In the case of modafi nil, 
teratology studies performed in animals did not provide 
any evidence of harm to the fetus (FDA category B). 
However, modafi nil is not recommended in narcoleptic 
pregnant women as clinical studies are still insuffi cient. 

 A single Class I evidence study was performed in 196 
patients randomized to receive armodafi nil 150   mg, 
armodafi nil 250   mg, or placebo once daily for 12 weeks 
 [39] . Effi cacy was assessed using the Maintenance of 
Wakefulness test and subjective tests. Compared with 
baseline measurements, the mean change from baseline 
at the fi nal visit for armodafi nil was an increase of 1.3, 
2.6, and 1.9   min in the 150   mg, 250   mg, and combined 
groups respectively, compared with a decrease of 1.9   min 
for placebo ( p         0.01 for all three comparisons). However, 
this study did not provide a comparison of modafi nil and 
armodafi nil.  

  Sodium  o xybate ( N 07 XX 04) 
 Sodium oxybate is the sodium salt of gammahydroxybu-
tyrate (GHB), a natural neurotransmitter/neuromodula-
tor that may act through its own receptors and via 
stimulation of GABA - B receptors. However, the mecha-
nism of action of GHB that accounts for its utility in 
treating the symptoms of narcolepsy is still poorly under-
stood. In particular, it is rather puzzling that although 
most of the behavioural effects of GHB appear to be 
mediated by GABA - B receptors, the prototypical 

and a potential improvement in sleepiness in the late 
afternoon in patients with narcolepsy  [28] . 

 Two Class II evidence studies ( [29] , 50 patients;  [30] , 
70 patients) and two Class I evidence studies ( [31]  and 
 [32] , 285 and 273 patients, respectively) have shown the 
effi cacy of modafi nil on excessive daytime sleepiness at 
doses of 300, 200, and 400   mg/day. The key points of 
these studies were: a reduction in daytime sleepiness, an 
overall benefi t noted by physicians as well as by patients, 
and a signifi cant improvement in maintaining wakeful-
ness measured by the Maintenance of Wakefulness Test 
(MWT) with the 300   mg/day dose  [29] ; a signifi cant 
decrease in the likelihood of falling asleep measured by 
the Epworth Sleepiness Scale (ESS), a reduction of severe 
excessive daytime sleepiness and irresistible episodes of 
sleep as assessed by the sleep log, and a signifi cant 
improvement in maintaining wakefulness measured with 
the MWT, with both 200 and 400   mg/day doses  [30] ; 
consistent improvements in subjective measures of sleep-
iness (ESS) and in clinician - assessed change in the 
patient ’ s condition (Clinical Global Impression), and 
signifi cant improvement in maintaining wakefulness 
(MWT) and in decreasing sleepiness judged on the MSLT 
with both the 200 and the 400   mg/day doses  [31, 32] . 

 Three further studies have dealt with open - label exten-
sion data. Beusterien  et al.   [33]  reported signifi cantly 
high scores on 10 of 17 health - related quality of life scales 
in 558 narcoleptic patients on a modafi nil 400   mg/day 
dose, with positive treatment effects sustained over the 
40 - week extension period. Moldofsky  et al.   [34]  reported 
on 69 patients who entered a 16 - week open - label exten-
sion trial, followed by a 2 - week randomized placebo -
 controlled period of assessment. Mean sleep latencies on 
the MWT were 70% longer in the modafi nil group com-
pared with placebo. The latency to sleep decreased from 
15.3 to 9.7   min in the group switched from modafi nil to 
placebo, and the ESS score increased from 12.9 to 14.4. 
Mitler  et al.   [35]  reported on 478 patients who were 
enrolled in two 40 - week open - label extension studies. 
The majority of patients (75%) received modafi nil 
400   mg daily. Disease severity improved in over 80% of 
patients throughout the 40 - week study. 

 According to a Class I evidence study  [36]  in which the 
effi cacy of modafi nil 400   mg once daily, 400   mg given in 
a split dose, or 200   mg once daily was compared, the 
400   mg split - dose regimen improved wakefulness signifi -
cantly in the evening compared with the 200   mg and 
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 Animal studies have shown no evidence of teratoge-
nicity (FDA category B). However, the potential risk for 
humans is unknown, and sodium oxybate is not recom-
mended during pregnancy.  

  Amphetamines and  a mphetamine -  l ike 
 CNS   s timulants 

  Amphetamine ( N 06 BA 01) 
 Amphetamines, including d,l - amphetamine, d - amphet-
amine (sulphate), and metamphetamine (chlorhydrate), 
have been used for narcolepsy since the 1930s  [53] . 

 At low doses, the main effect of amphetamine is to 
release dopamine and to a lesser extent norepinephrine 
through reverse effl ux, via monoaminergic transporters, 
the DAT and NET transporters. At higher doses, mono-
aminergic depletion and inhibition of reuptake occurs. 
The d - isomer of amphetamine is more specifi c for dopa-
minergic transmission and is a better stimulant com-
pound. Methamphetamine is more lipophilic than 
d - amphetamine and therefore has more central and 
fewer peripheral effects than d - amphetamine. The elimi-
nation half - life of these drugs is between 10 and 30   h. 

 Five reports concerned the use of amphetamines. Three 
Class II evidence studies  [54, 55]  showed that d - amphet-
amine and methamphetamine are effective treatments of 
excessive daytime sleepiness in short - term use (up to 4 
weeks) at starting doses of 15 – 20   mg increasing up to 
60   mg/day. One Class IV evidence study  [56]  showed that 
long - term drug treatment would result in only a minor 
reduction in irresistible sleep episode propensity. 

 The main adverse effects are minor irritability, hyper-
activity, mood changes, headache, palpitations, sweating, 
tremors, anorexia, and insomnia  [57] , but doses of over 
120% of the maximum recommended by the American 
Academy of Sleep Medicine are responsible for a signifi -
cantly higher occurrence of psychosis, substance misuse, 
and psychiatric hospitalizations  [58] . 

 Tolerance to amphetamine effect may develop in up 
to one - third of patients  [59] . There is little or no evidence 
of abuse and addiction in narcoleptic patients  [60] . 

 Dextroamphetamine, with a FDA category D classifi -
cation, and methamphetamine, with a FDA category C 
classifi cation, are contraindicated during conception and 
pregnancy. 

 Amphetamines are controlled drugs.  

GABA - B receptor agonist baclofen is not active against 
excessive daytime sleepiness and cataplexy  [40] , suggest-
ing that GHB and baclofen act at different subtypes of 
GABA - B receptor  [41] . 

 Regarding its pharmacokinetics, sodium oxybate is 
rapidly absorbed following oral administration, and a 
plasma peak is reached within 25 – 75   min of ingestion. Its 
half - life is 90 – 120   min, but the effects of sodium oxybate 
last much longer compared with its half - life. Signifi cant 
pharmacological interactions have not been described, 
nor has induction or inhibition of hepatic enzymes. 

 Two Class I evidence studies  [42, 43]  and two Class IV 
evidence studies  [44, 45]  have shown reduced excessive 
daytime sleepiness and increased level of alertness, and a 
more recent Class I evidence study  [46]  has shown 
sodium oxybate and modafi nil to be equally active for the 
treatment of excessive daytime sleepiness, producing 
additive effects when used together. 

 At doses ranging from 3 to 9 g nightly, adverse effects 
were dose - related and included dizziness in 23.5 – 34.3%, 
nausea in 5.9 – 34.3%, headache in 8.8 – 31.4%, confusion 
in 3.0 – 14.3%, enuresis in 0 – 14.3%, and vomiting in 
0 – 11.4% of the cases  [42] . 

 Of concern is the abuse potential of GHB. GHB is 
misused in athletes for its metabolic effects (growth hor-
mone - releasing effect), and it has been used as a  ‘ date 
rape ’  drug because of its rapid sedating effect. However, 
a risk management programme in the US permits the safe 
handling and distribution of the compound and mini-
mizes the risk for diversion  [47] . A post - marketing sur-
veillance study involving 26 000 patients from 16 different 
countries revealed only 10 cases (0.039%) meeting 
DSM - IV abuse criteria, 4 cases (0.016%) meeting 
DSM - IV dependence criteria, and 2 cases (0.008%) of 
sodium oxybate - facilitated sexual assault, indicating that 
abuse potential in patients with narcolepsy receiving 
sodium oxybate is very low  [48] . Also of concern are the 
reports implicating sodium oxybate with several cases of 
worsening sleep - related breathing disturbances  [49]  or 
even death  [50] , although in the latter case patient 
number 2 died while not using his continuous positive 
airway pressure device  [51] . According to a recent study 
 [52] , the administration of 9   g sodium oxybate to patients 
with mild to moderate obstructive sleep apnoea syn-
drome does not negatively impact on sleep - disordered 
breathing, but it might increase central apnoeas in some 
individuals and should be used with caution. 
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According to a Class II evidence study  [54]  mazindol was 
effective in reducing sleepiness at a dose of 2        2   mg/day 
(during 4 weeks) in 53 – 60% of subjects. In addition, 
several Class IV evidence studies  [67 – 70]  have shown a 
signifi cant improvement of sleepiness in 50 – 75% of 
patients. Clinical experience suggests to start treatment 
at a low dosage of 1   mg/day, which may be effective in 
individual patients. 

 Adverse effects include dry mouth, nervousness, con-
stipation, and less frequently nausea, vomiting, head-
ache, dizziness, tachycardia and excessive sweating. Rare 
cases of pulmonary hypertension and cardiac valvular 
regurgitation have been reported. For this reason, it has 
been withdrawn from the market in several countries. Its 
use in narcolepsy is still warranted according to most 
experts, but as a third - line treatment and with close 
monitoring. Tolerance is uncommon, and abuse poten-
tial may be low  [67] . Mazindol is classifi ed as FDA 
category B without controlled studies in humans. It is 
contraindicated in pregnant women.  

  Selegiline ( N 04 B 0 D 1) 
 Selegiline is a potent irreversible monoamine oxidase B 
selective inhibitor. It is metabolically converted to des-
methyl selegiline, amphetamine, and methamphetamine. 
The elimination half - life of the main metabolites is vari-
able  –  2.5   h for desmethyl selegiline, 18   h for amphet-
amine, and 21   h for methamphetamine. According to one 
Class II evidence study  [71] , selegiline, 10 – 40   mg daily, 
reduced irresistible episodes of sleep and sleepiness by up 
to 45%, and according to another  [72] , selegiline at a 
dose of at least 20   mg/day caused a signifi cant improve-
ment of daytime sleepiness and a reduction in irresistible 
episodes of sleep, as well as a dose - dependent rapid eye 
movement (REM) suppression during night - time sleep 
and naps. The results were similar in a Class IV evidence 
study  [73]  showing an improvement in 73% of patients. 
The use of selegiline is limited by potentially sympatho-
mimetic adverse effects and interaction with other drugs. 
Co - administration of triptans and serotonin specifi c 
reuptake inhibitors is contraindicated. Abuse potential is 
low  [71, 72] . 

 Selegiline is another FDA category B drug without 
controlled studies in humans. It is contraindicated in 
pregnant women.  

  Methylphenidate ( N 06 BA 04) 
 Similar to the action of amphetamine, methylphenidate 
induces dopamine release, but, in contrast, it does not 
have any major effect on monoamine storage. The clini-
cal effect of methylphenidate is supposed to be similar to 
that of amphetamines. However, clinical experience 
would argue for a slight superiority of amphetamines. In 
comparison with amphetamine, methylphenidate has a 
much shorter elimination half - life (2 – 7   h), and the daily 
dose may be divided into two or three parts. A sustained -
 release form is available and can be useful for some 
patients. 

 There were fi ve reports on the use of methylphenidate. 
There was only one Class II evidence study showing a 
signifi cant improvement for all dosages (10, 30, 60   mg/
day) compared with baseline  [61] . According to a Class 
IV evidence study  [62] , methylphenidate conveyed a 
good to excellent response in 68% of cases and according 
to another one  [63]  methylphenidate produced marked 
to moderate improvement in 90% of cases. On the MWT, 
the sleep latencies were increased up to 80% of controls 
with a 60   mg daily dose  [64] . 

 Adverse effects are the same as with amphetamines. 
However, methylphenidate probably has a better thera-
peutic index than d - amphetamine, with less reduction of 
appetite or increase in blood pressure  [65] . Moreover, in 
a study assessing the neuronal toxicity of methamphet-
amine and methylphenidate, methylphenidate failed to 
induce sensitization to hyperlocomotion, while metham-
phetamine clearly induced behavioural sensitization  [66] . 

 Tolerance may develop. Abuse potential is low in nar-
coleptic patients. 

 Methylphenidate has no FDA classifi cation because no 
adequate animal or human studies have been performed. 
It is contraindicated in pregnant women.   

  Other  c ompounds 

  Mazindol ( A 08 AA 06) 
 Mazindol is an imidazolidine derivative with pharmaco-
logical effects similar to the amphetamines. It is a weak 
releasing agent for dopamine, but it also blocks dopa-
mine and norepinephrine reuptake with high affi nity. Its 
elimination half - life is around 10   h. 

 There were fi ve reports on the use of mazindol in treat-
ing excessive daytime sleepiness in narcoleptic patients. 
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only two studies  [75, 76]  looked at the effects of a behav-
ioural regime in a clinically meaningful time range (2 – 4 
weeks). In the latter study, involving 29 treated narcolep-
tic patients randomly assigned to one of three treatment 
groups  –  (1) two 15 - min naps per day, (2) a regular 
schedule for nocturnal sleep, and (3) a combination of 
scheduled naps and regular bedtimes  –  the best response 
was found in the third treatment group. All other studies 
considered only acute (1 – 2 days) manipulations. Among 
those, a study by Mullington and Broughton  [77]  tested 
two napping strategies: a single long nap placed 180 
degrees out of phase with the nocturnal mid - sleep time 
(i.e. with the mid - nap point positioned 12   h after the 
nocturnal mid - sleep time), and fi ve naps positioned 
equidistantly throughout the day, with the mid - nap time 
of the third nap set at 180 degrees out of phase with the 
nocturnal mid - sleep and the others equidistant between 
the hours of morning awakening and evening sleep onset. 
The two protocols tested resulted in a reaction time 
improvement, but no difference between long and mul-
tiple naps was disclosed. Most experts agree that patients 
should live a regular life: go to bed at the same hour each 
night and rise at the same time each day and, essentially, 
take one or more naps during the day.     

  Pemoline ( N 06 BA 05) 
 Pemoline, an oxazolidine derivative with long half - life 
(12   h) and mild action, selectively blocks dopamine 
reuptake and only weakly stimulates dopamine release. 

 There were two reports on the use of pemoline in 
narcoleptic patients: a Class II evidence study  [60]  using 
three dosages (18.75, 56.25, and 112.50   mg/day), which 
did not show an improvement of wakefulness, and a 
Class IV evidence study  [74] , which showed a moderate 
to marked improvement in sleepiness in 65% of narco-
leptic patients. However, due to potential lethal hepato-
toxicity, the medication has been withdrawn from the 
market in most countries.   

  Behavioural  t reatments 
 Although non - pharmacological treatments of narcolepsy 
have more or less always been part of an integrative treat-
ment concept, only a few systematic studies have been 
performed investigating the impact of such approaches 
on the symptoms of narcoleptic patients. 

 Class II and III evidence studies investigated the effects 
of various sleep – wake schedules on excessive daytime 
sleepiness and sleep in narcoleptic patients. However, 
most of these studies were extremely heterogeneous, and 

 Recommendations 
    The fi rst - line pharmacological treatment of excessive daytime 
sleepiness and irresistible episodes of sleep is not unequivocal. 
In cases when the most disturbing symptom is excessive 
daytime sleepiness, modafi nil should be prescribed based on its 
effi cacy, limited adverse effects, and easiness of manipulation. 
Modafi nil can be taken in variable doses from 100 to 400   mg/
day, given in one dose in the morning or two doses, one in the 
morning and one early in the afternoon. However, it is possible 
to tailor the schedule and dose of administration according to 
the individual needs of the patient. On the other hand, when 
excessive daytime somnolence coexists with cataplexy and poor 
sleep, sodium oxybate may be prescribed, based on its 
well - evidenced effi cacy on the three symptoms. However, this 
benefi t should be balanced with its more delicate manipulation: 
the dose should be carefully titrated up to an adequate level 
over several weeks; the drug should not be used in association 
with other sedatives, respiratory depressants and muscle 
relaxants; vigilance should be held for the possible development 
of sleep - disordered breathing; and depressed patients should 
not be treated with this drug. Sodium oxybate should be given 

at a starting dose of 4.5   g/night, increasing by increments of 
1.5 g at 4 - week intervals. Adverse effects may require to 
reduce the dose and titrate more slowly. The optimal response 
on excessive daytime sleepiness may take as long as 8 – 12 
weeks. Supplementation with modafi nil is generally more 
successful than sodium oxybate alone. Methylphenidate may be 
an option in case modafi nil is insuffi ciently active and sodium 
oxybate is not recommended. Moreover, the short - acting effect 
of methylphenidate is of interest when modafi nil needs to be 
supplemented at a specifi c time of the day, or in situations 
where maximum alertness is required. Methylphenidate LP and 
mazindol may be of interest in a limited number of cases. 

 Behavioural treatment measures are always advisable. 
Essentially, the studies available support on a B Level the 
recommendation to have regular nocturnal sleep times and to 
take planned naps during the day, as naps temporarily decrease 
sleep tendency and shorten reaction time. Because of varying 
performance demands and limitations on work or home times 
for taking them, naps are best scheduled on a patient - by -
 patient basis.  



520 SECTION 6  Sleep Disorders

principally adrenergic reuptake inhibitory properties, has 
been the most widely evaluated for cataplexy, with one 
Class III evidence study  [84]  and four Class IV evidence 
studies  [56, 82, 85, 86] . All these studies have shown a 
complete abolition or decrease in severity and frequency 
of cataplexy at doses of 25 – 75   mg daily. However, low 
doses of 10 – 20   mg daily are often very effective, and it is 
always advisable to start with these. 

 Adverse effects consist of anticholinergic effects 
including dry mouth, sweating, constipation, tachycar-
dia, weight increase, hypotension, diffi culty in urinating, 
and impotence. One trial  [86]  mentioned the develop-
ment of tolerance after 4.5 months. Patients may experi-
ence with tricyclics a worsening or  de novo  onset of REM 
sleep behaviour disorder. Moreover, there is a risk, if the 
tricyclics are suddenly withdrawn, of a marked increase 
in the number and severity of cataplectic attacks, a situ-
ation referred to as  ‘ rebound cataplexy ’ , or even  ‘ status 
cataplecticus ’ . Tolerance to the effects of tricyclics may 
develop. 

 Animal studies have not shown teratogenic properties, 
and epidemiological studies performed in a limited 
number of women have not shown any risk of malforma-
tion in the fetus (FDA category B). However, the new-
borns of mothers submitted to longstanding treatment 
with high doses of antidepressants may show symptoms 
of atropine intoxication. Thus, if cataplexy is mild, it is 
advisable to cease the anticataplectic drug before concep-
tion. When cataplexy is severe, the risk of injury during 
pregnancy may be greater than the risks caused to the 
infant by the drug.  

  Newer  a ntidepressants 

  Selective  s erotonin  r euptake  i nhibitors 
( SSRI  s ) ( N 06 AB ) 
 These compounds are much more selective than tricyclic 
antidepressants towards the serotoninergic transporter. 
However it has been shown that their activity against 
cataplexy is correlated with the levels of their active nor-
adrenergic metabolites  [87] . In comparison with tricy-
clics, higher doses are required, and the effects are less 
pronounced  [88] . 

 According to a Class II evidence study  [89] , femox-
etine, 600   mg/day, reduced cataplexy. In addition, two 
Class III evidence studies  [90, 91]  have shown fl uoxetine 
(20 – 60   mg/day), and one Class III evidence study  [84]  

  Cataplexy 
 Sodium oxybate is the single drug approved for cataplexy 
by the EMEA and the FDA. In addition, tricyclic antide-
pressants have the indication  ‘ cataplexy ’  at the national 
agency level in Italy, Spain, Sweden, Switzerland, and the 
United Kingdom, as do SSRIs in Belgium, Denmark, 
France, Germany, and Switzerland. All other medications 
are  ‘ off - label ’ . 

  Sodium  o xybate ( N 07 XX 04) 
 A Class I evidence study  [42]  and a Class IV evidence 
study  [45]  have shown a signifi cant dose - dependent 
reduction of the number of cataplectic attacks in large 
samples of patients (136 in the fi rst study and 118 in the 
second) using doses of sodium oxybate 3 – 9   g nightly in 
two doses, which were signifi cant at 4 weeks and maximal 
after 8 weeks. In addition, the Class I evidence study  [78]  
was conducted to demonstrate the long - term effi cacy of 
sodium oxybate for the treatment of cataplexy. Fifty - fi ve 
narcoleptic patients with cataplexy who had received 
continuous treatment with sodium oxybate for 7 – 44 
months (mean 21 months) were enrolled in a double -
 blind treatment withdrawal paradigm. During the 2 - week 
double - blind phase, the abrupt cessation of sodium 
oxybate therapy in the placebo group resulted in a sig-
nifi cant increase in the number of cataplectic attacks 
compared with the patients who remained on sodium 
oxybate. Ultimately, the Xyrem International Study 
Group  [79]  conducted a Class I evidence study with 228 
adult narcolepsy with cataplexy patients randomized to 
receive 4.5, 6, or 9   g sodium oxybate nightly or placebo 
for 8 weeks. Compared with placebo, doses of 4.5, 6, and 
9   g sodium oxybate for 8 weeks resulted in statistically 
signifi cant median decreases in weekly cataplexy attacks 
of 57.0, 65.0, and 84.7%, respectively. 

 Adverse effects and abuse potential have been dealt 
with above.  

  Non -  s pecifi c  m onoamine  u ptake 
 i nhibitors ( N 06 AA ) 
 The fi rst use of tricyclics for treating cataplexy dates back 
to 1960, with imipramine  [80] . This was followed by 
desmethylimipramine  [81] , clomipramine  [82] , and pro-
triptyline  [83] . 

 Clomipramine, a drug that is principally a serotonin-
ergic reuptake inhibitor but metabolizes rapidly into des-
methyl clomipramine, an active metabolite with 
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 Recently, a pilot study on duloxetine, a new norepi-
nephrine and serotonin reuptake inhibitor, was conducted 
in three patients who had narcolepsy with cataplexy. A 
rapid anticataplectic activity associated with excessive 
daytime sleepiness improvement was observed  [99] .   

  Other  c ompounds 

  Mazindol ( A 08 AA 06) 
 Mazindol has an anticataplectic property in addition to 
its alerting effect. According to a Class II evidence study 
 [54] , mazindol at a dose of 2        2   mg/day (over 4 weeks) 
did not alter the frequency of cataplexy. On the other 
hand, in one Class IV evidence study  [70] , the  ‘ percent-
age of effi cacy ’  was 50%, and in another Class IV evi-
dence study  [68] , 85% of subjects reported a signifi cant 
improvement in terms of cataplexy. 

 Potential adverse effects have been reviewed above.  

  Selegiline ( N 04 B 0 D 1) 
 Selegiline has a potent anticataplectic effect in addition 
to its relatively good alerting effect. According to one 
Class I evidence study, selegiline reduced cataplexy up to 
89% at a dose of 10 – 40   mg  [71] , and, according to a 
second, reduced cataplexy signifi cantly at a dose of 
10   mg        2  [72] . Adverse effects and interaction with other 
drugs have been referred to above.  

  Amphetamine ( N 06 BA 01) 
 As previously indicated, the main effect of amphetamines 
is to release dopamine and, to a lesser extent, norepi-
nephrine and serotonin. The effect of amphetamine on 
norepinephrine neurons, in particular, may help to 
control cataplexy. This may be an important factor in 
patients who switch from amphetamine to modafi nil and 
fi nd that their mild cataplexy is no longer controlled.   

  Behavioural  t herapy 
 The single non - pharmacological approach known to spe-
cifi cally reduce the frequency and severity of cataplexy, 
which however has not been empirically studied, is to 
avoid precipitating factors. Because cataplexy is tightly 
linked to strong, particularly positive, emotions, the most 
important precipitating factor is social contact. Indeed, 
social withdrawal is frequently seen in narcolepsy and is 
helpful in reducing cataplexy, but it can hardly be con-
sidered as a recommendation or  ‘ treatment ’ .     

has shown fl uvoxamine (25 – 200   mg/day), to be mildly 
active on cataplexy. In Class IV evidence studies, citalo-
pram, a very selective serotonin uptake inhibitor, proved 
active in three cases of intractable cataplexy  [92] , and 
escitalopram, the most selective serotonin uptake 
inhibitor, led to a signifi cant decline in the number of 
cataplectic attacks per week while excessive daytime 
sleepiness remained unchanged  [93] . 

 Adverse effects are less pronounced than with tricy-
clics. They include CNS excitation, gastrointestinal upset, 
movement disorders, and sexual diffi culties. The risk of 
a marked increase in number and severity of cataplectic 
attacks has been documented after discontinuation of 
SSRIs  [94] . Tolerance to SSRIs does not develop. 

 Studies performed in animals did not provide any evi-
dence of malformation (FDA category B). However, 
clinical studies are not suffi cient to assess a possible risk 
for the human fetus. Thus, the use of SSRIs is not recom-
mended in narcoleptic pregnant women.  

  Norepinephrine  r euptake  i nhibitors 
 In a Class III evidence study  [95] , viloxazine (N06AX09) 
at a 100   mg dose daily signifi cantly reduced cataplexy. 
The main advantage of this compound rests in its limited 
adverse effects (nausea and headache in one subject only 
out of 22). 

 In a Class IV evidence study  [96] , reboxetine 
(N06AX18) at a daily dose of 2 – 10   mg signifi cantly 
reduced cataplexy. Treatment was generally well toler-
ated, with only minor adverse effects being reported (dry 
mouth, hyperhydrosis, constipation, restlessness). Atom-
oxetine (N06BA09) (36 – 100   mg/day) has been used 
anecdotally with success in cataplexy  [97] . Of note, 
however, atomoxetine has been shown to slightly but 
signifi cantly increase heart rate and blood pressure in 
large samples. Thus caution is needed.  

  Norepinephrine/ s erotonin  r euptake  i nhibitors 
 Venlafaxine (N06AX16) (150 – 375   mg/day), was given to 
four subjects for a period of 2 – 7 months  [98] . An initial 
improvement in both excessive daytime sleepiness and 
cataplexy was reported by all subjects. No subjective 
adverse effects were observed apart from slight insomnia 
in two subjects. Venlafaxine ’ s main adverse effects are 
gastrointestinal. Increased heart rate and blood pressure 
may be observed at doses of 300   mg or more. Tolerance 
was reported in one subject. Venlafaxine is not recom-
mended in pregnant narcoleptic women. 
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  Poor  s leep 

  Benzodiazepines ( N 05 CD ) and 
 n on -  b enzodiazepines ( N 05 CF ) 
 A single Class III evidence study  [100]  has shown an 
improvement in sleep effi ciency and overall sleep quality 
with triazolam 0.25   mg given for two nights only. Adverse 
effects were not recorded. No effect of improved sleep in 
excessive daytime sleepiness was recorded. No study has 
been performed with either zopiclone or zolpidem or 
zaleplon.  

  Sodium  o xybate ( N 07 XX 04) 
 The US Xyrem studies have shown a signifi cant decrease 
in the number of night - time awakenings, with sodium 
oxybate 9   g  [42]  and a signifi cant improvement of 
nocturnal sleep quality ( p         0.001) characterized by 
increased slow wave sleep  [45] . Most importantly, a 
recent Class I evidence study in patients receiving sodium 
oxybate and sodium oxybate/modafi nil evidenced a 
median increase in stages 3 and 4 and delta power, and 
a median decrease in nocturnal awakenings  [101] . Inter-
estingly, clinical experience suggests that poor sleep is 
the fi rst symptom to improve with sodium oxybate, and 
that effi cacy on poor sleep foresees effi cacy on the other 
symptoms. 

 The adverse effects are the same as already listed.  

  Modafi nil ( N 06 BA 07) 
 In the US Modafi nil in Narcolepsy Multicenter Study 
Group  [32]  a small improvement in sleep consolidation 
was evidenced through increased sleep effi ciency. Thus, 
it is always advisable to wait for the effects of modafi nil 
before prescribing a special treatment for disturbed noc-
turnal sleep in narcoleptic patients.  

  Behavioural  t herapy 
 No study has ever been conducted to investigate the 
effects of behavioural treatments on night - time sleep in 
narcoleptic patients, in clinically relevant settings.     

 Recommendations 
    Based on several Class I evidence (Level A rating) studies, 
the fi rst - line pharmacological treatment of cataplexy is 
sodium oxybate at a starting dose of 4.5   g/night divided into 
two equal doses of 2.25   g/night. The dose may be increased 
to a maximum of 9   g/night, divided into two equal doses of 
4.5   g/night, by increments of 1.5   g at 2 - week intervals. 
Adverse effects may need the dose to be reduced and 
titrated more slowly. Most patients will start to feel better 
within the fi rst few days, but the optimal response at any 
given dose may take as long as 8 – 12 weeks. As indicated 
above, the drug should not be used in association with 
other sedatives, respiratory depressants, and muscle 
relaxants, vigilance should be held for the possible 
development of sleep - disordered breathing, and depressed 
patients should not be treated with the drug. Second - line 
pharmacological treatments are antidepressants. Tricyclic 
antidepressants, particularly clomipramine (10 – 75   mg), are 
potent anticataplectic drugs. However, they have the 
drawback of anticholinergic adverse effects. The starting 
dosage should always be as low as possible. SSRIs are 
slightly less active but have fewer adverse effects. The 
norepinephrine/serotonin reuptake inhibitor venlafaxine is 
widely used today but lacks any published clinical evidence 
of effi cacy. The norepinephrine reuptake inhibitors, such as 
reboxetine and atomoxetine, also lack published clinical 
evidence. Given the well - evidenced effi cacy of sodium 
oxybate and antidepressants, the place for other compounds 
is fairly limited. There is no accepted behavioural treatment 
of cataplexy.  

 Recommendations 
    Recommendations are as for cataplexy.  

  Hallucinations and  s leep  p aralysis 
 The treatment of hallucinations and sleep paralysis is 
considered as a treatment of REM - associated phenom-
ena. Most studies have focused much more on the treat-
ment of cataplexy. An improvement in cataplexy is most 
often associated with a reduction in hallucinations and 
sleep paralysis. A Class I evidence study  [42]  did not 
reveal any signifi cant differences in hypnagogic halluci-
nations and sleep paralysis when compared with placebo. 
However, this study was not powered to detect a differ-
ence in hypnagogic hallucinations. On the other hand, a 
Class IV evidence study  [44]  with 21 narcoleptic patients 
administered increasing nightly doses of sodium oxybate 
up to 9   g showed an increasing number of patients 
reporting fewer hypnagogic hallucinations and less sleep 
paralysis. There is no report on any attempt to modify 
the occurrence of hypnagogic hallucinations or sleep 
paralysis by behavioural techniques.    
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  Associated  f eatures 

  Obstructive  s leep  a pnoea/ h ypopnoea 
 s yndrome 
 According to several publications  [105, 106] , the preva-
lence of obstructive sleep apnoea/hypopnoea syndrome 
(OSAHS) is greater in narcoleptic patients than in the 
general population. One potential explanation is the fre-
quency of obesity in narcolepsy, which could predispose 
to OSAHS. Only one Class IV study has described the 
effect of continuous positive airway pressure (CPAP) in 
narcolepsy patients with OSAHS: excessive daytime 
sleepiness did not improve in 11 of the 14 patients treated 
with CPAP  [107] .  

  Periodic  l imb  m ovements in  s leep 
 Periodic limb movements in sleep (PLMS) are more 
prevalent in narcolepsy than in the general population 
 [106, 108] . This applies particularly to young narcoleptic 
patients.  L  - Dopa  [109] , GHB  [110] , and bromocriptine 
 [111]  are effective treatments of PLMS in narcolepsy 
patients. However, there is no documented effect on 
excessive daytime sleepiness.  

  Neuropsychiatric  s ymptoms 
 No higher rate of psychotic manifestations has been evi-
denced in narcoleptic patients. On the other hand, 
depression is more frequent in narcoleptic patients than 
in the general population  [112 – 115] . 

 Antidepressant drugs and psychotherapy are indi-
cated. However, there is no systematic study of these 
therapeutic procedures in depressed narcoleptic patients.     

  Parasomnias 
 Narcoleptic patients often display vivid and frightening 
dreams and REM sleep behaviour disorder (RBD). Given 
the benefi cial effects of sodium oxybate on disturbed 
nocturnal sleep, this medication might be of interest in 
the case of disturbed dreams. However, no systematic 
study of sodium oxybate on dreams of individuals with 
narcolepsy has ever been conducted. 

 In the case of RBD, its occurrence in narcoleptic 
patients is remarkable for three reasons. First, the age of 
onset of RBD in narcoleptic patients is younger than in 
the other forms of chronic RBD. Second, the frequency 
of the episodes is less marked and RBD events are usually 
less violent than in the other forms of RBD. Third, RBD 
may precede narcolepsy by several years. 

 There is no available report of any prospective, dou-
ble - blind, placebo - controlled trial of any drug specifi c for 
RBD in narcoleptic subjects, and only a few case reports 
of narcoleptic subjects with RBD. The use of clonazepam 
was reported as successful in two cases  [102, 103] . In one 
case  [100] , clonazepam led to the development of 
obstructive sleep apnoea syndrome. An alternative treat-
ment is needed when patients affected with RBD do not 
respond or are intolerant to clonazepam. In a recent 
study involving 14 patients, two of whom had narco-
lepsy, melatonin was used successfully in 57% of cases at 
a dose of 3 – 12   mg per night  [104] . Adverse effects such 
as sleepiness, hallucination, and headache were recorded 
in one third of patients.    

 Recommendations 
    According to recent studies with sodium oxybate, this agent 
appears as the most appropriate to treat poor sleep (Level 
A). Benzodiazepine or non - benzodiazepine hypnotics may be 
effective in consolidating nocturnal sleep (Level C). 
Unfortunately, objective evidence is lacking over 
intermediate or long - term follow - up. The improvement in 
poor sleep reported by some patients once established on 
modafi nil is noteworthy.  

 Recommendations 
    Based on the available information, it is diffi cult to provide 
guidance for prescribing in parasomnias associated with 
narcolepsy other than to recommend conventional 
medications.  

 Recommendations 
    OSAHS should be treated no differently in narcoleptic 
patients than the general population, although it has been 
shown that CPAP does not improve excessive daytime 
sleepiness in most narcolepsy subjects. There is usually no 
need to treat PLMS in narcoleptic patients. Antidepressants 
and psychotherapy should be used in depressed narcoleptic 
patients (Level C) as in non - narcoleptic depressed patients.  

  Psychosocial  s upport and  c ounselling 

  Patients ’   g roups 
 Interaction with those who have narcolepsy is often 
of great benefi t to the patient and his or her spouse 



524 SECTION 6  Sleep Disorders

  Future  t reatments 
 Current treatments for human narcolepsy are symptom-
atically based. However, given the major developments 
in understanding the neurobiological basis of the condi-
tion, new therapies are likely to emerge. It is imperative 
that neurologists remain aware of future developments, 
because of the implications for treating a relatively 
common and debilitating disease. 

 There are three focuses for future therapy: 
   •      Symptomatic endocrine/transmitter - modulating ther-
apies, including thyrotrophin - releasing hormone and 
thyrotrophin - releasing hormone agonists; slow - wave 
sleep enhancers (selective GABA - B agonists), and 
histaminergic H3 receptor antagonists/inverse agonists. 
Several histaminergic compounds are currently being 
studied for the treatment of excessive daytime sleepiness. 
A published pilot study has shown encouraging results 
 [116] .  
   •      Hypocretin - based therapies: hypocretin agonists, 
hypocretin cell transplantation, and gene therapy.  
   •      Immune - based therapies, particularly IVIg. These ther-
apies are given close to disease onset and are supposed to 
modulate the presumed but not proven autoimmune 
process that causes the hypocretin defi ciency. A benefi -
cial effect in particular on cataplexy has been claimed 
 [117] . Note, however, that all the studies were small and 
not blinded, that possible spontaneous fl uctuations may 
have infl uenced outcome, and that the placebo effect may 
be large  [118] .     

  Conclusion 
 The recommendations expressed in these guidelines are 
based on the best currently available knowledge. 
However, developments in the fi eld of narcolepsy are 
rapidly advancing, and the use of new symptomatic treat-
ments and of treatments directed at replacing hypocretin 
or even preventing the loss of neurons containing the 
neuropeptide may become a reality in the near future.  

  Confl icts of  i nterest 
 Dr Billiard was a member of the Xyrem (UCB Pharma) 
advisory board and received honoraria from UCB for 
invited talks. 

 Dr Dauvilliers was involved in a clinical trial with 
Cephalon and another one with Orphan. He is a member 
of the Xyrem (UCB Pharma) advisory board and has 
recently received honoraria from Cephalon. 

regarding the recognition of symptoms and possible 
countermeasures. Here are the website addresses of four 
important patient support groups: 
   •      France :  http://perso.wanadoo.fr/anc.paradoxal/   
   •      Germany :  http://dng - ev.org   
   •      NL :  http://www.narcolepsie.nl   
   •      UK :  http://www.narcolepsy.org.uk      

  Social  w orkers 
 Social workers can provide support and counselling in 
various important areas such as career selection, adjust-
ments at school or at work, and when fi nancial or marital 
problems exist.     

 Recommendations 
    Interaction with narcoleptic patients and counselling from 
trained social workers are recommended (Level C).  

  Good Practice Points 
 A prerequisite before implementing a potentially life -
 long treatment is to establish an accurate diagnosis of 
narcolepsy with or without cataplexy, and to check for 
possible comorbidity. Following a complete interview, 
the patient should undergo an all - night polysomnogra-
phy followed immediately by a MSLT. HLA typing is 
rarely helpful. CSF hypocretin - 1 measurement may be of 
help and is added as diagnostic test in the revised Inter-
national Classifi cation of Sleep Disorders  [3] , particularly 
if the MSLT cannot be used or provides confl icting infor-
mation. Levels of CSF hypocretin are signifi cantly 
reduced or absent in cases of narcolepsy with cataplexy. 
In the absence of cataplexy, the value of measuring hypo-
cretin is debatable. 

 Once diagnosed, patients must be given as much infor-
mation as possible about their condition (the nature of 
the disorder, genetic implications, medications available, 
their potential adverse effects) to help them cope with a 
potentially debilitating condition. 

 Regular follow - up is essential to monitor response to 
treatment, adapt the treatment in case of insuffi cient 
response or adverse effects, and above all encourage the 
patient to persist with a management plan. Another poly-
somnographic evaluation of patients should be consid-
ered in case of worsening of symptoms or development 
of other symptoms, but not for evaluating treatment in 
general.  
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 The current guideline will focus on  neurodegenerative 
disorders  and  stroke , with an emphasis on  sleep breathing 
disorders  in neurological disease, and is an update from a 
former review  [1]  in accordance to European Federation 
of Neurological Societies (EFNS) guidelines  [2] . 

 The review will cover three main areas: 
  1.     tauopathies (Alzheimer ’ s disease, progressive supra-
nuclear palsy, and corticobasal degeneration);  
  2.     synucleinopathies (Parkinson ’ s disease, multiple 
system atrophy [MSA], and dementia with Lewy bodies 
[DLB]);  
  3.     stroke, amyotrophic lateral sclerosis (ALS), myotonic 
dystrophy, myasthenia gravis, and spinocerebellar ataxias.     

  Search  s trategy 

 The literature search included PUBMED and the 
Cochrane Database. These were searched until 2009 or 
over as much of this range as possible, looking for the 
different sleep disorders and symptoms in each of the 
most frequent or relevant degenerative neurological dis-
orders and stroke. Language of writing was restricted to 
European languages. Studies considered for inclusion 
were, when possible, randomized controlled trials of 
adult patients, in any setting, suffering a neurodegenera-
tive disorder (motor neuron disease, Parkinson ’ s disease, 
Alzheimer ’ s disease) or stroke. There had to be an explicit 
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   Introduction 

 Sleep is an active process generated and modulated by a 
complex set of neural systems located mainly in the 
hypothalamus, brainstem, and thalamus. Sleep is altered 
in many neurological diseases due to several mechanisms: 
lesions of the brain areas that control sleep and wakeful-
ness, lesions or diseases that produce pain, reduced 
mobility, and treatments. Excessive daytime sleepiness 
(EDS), sleep fragmentation, insomnia, sleep - disordered 
breathing (SDB), nocturnal behavioural phenomena 
such as rapid eye movement (REM) sleep behaviour dis-
order or nocturnal seizures, restless legs syndrome, and 
periodic leg movement syndrome (PLMS) are common 
symptoms and fi ndings in neurological disorders. Sleep 
disorders may precede and infl uence the disease course 
in neurological diseases, involving daytime functioning, 
quality of life, morbidity, and mortality. 

 Diagnostic and treatment procedures and the treat-
ment of sleep disorders have developed considerably in 
recent years. There are thus increased opportunities for 
the management of sleep disorders associated with neu-
rological diseases. 

European Handbook of Neurological Management: Volume 1, 
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can usually be attributed to a well - defi ned circumstance, 
while chronic insomnia is often a consequence of condi-
tional (psychophysiological) factors, is idiopathic, or is 
found in patients with psychiatric, medical, or neurologi-
cal disorders. The latter may be due to degeneration or 
dysfunction of the central nervous system areas involved 
in sleep regulation, or due to motor or sensory symptoms 
produced by the disease (pain, reduced nocturnal mobil-
ity, nocturnal motor activity, etc.) that lower the thresh-
old for arousal from sleep. Finally, insomnia may be 
caused by the alerting effects of the drugs employed in 
the treatment of neurological diseases.  

  Sleep -  d isordered  b reathing ( SDB ) 
 These disorders are characterized by disordered breath-
ing during sleep. A uniform syndrome recommendation 
was suggested in 1999 by the American Academy of Sleep 
Medicine  [4] , which is included in ICSD - 2: 
  1.     Obstructive sleep apnoea syndrome (OSAS)  
  2.     Central sleep apnoea – hypopnoea syndrome (CSAHS)  
  3.     Cheyne – Stokes breathing syndrome (CSBS)  
  4.     Sleep - related hypoventilation/hypoxaemic syndromes 
(SHVS).    

 For a more thorough review of SDB, see the EFNS 
guideline  [1].   

   EDS   n ot  d ue to a  s leep -  r elated 
 b reathing  d isorder 
 Hypersomnias (EDS) is defi ned by the inability to stay 
fully alert and awake during the day, resulting in unin-
tended lapses into sleep. EDS should be separated from 
fatigue, which refer to physical or mental weariness. The 
most common disorders in this group are narcolepsy, 
idiopathic hypersomnia, insuffi cient sleep, and the use of 
sedating medication. EDS is also commonly reported in 
patients with neurological disease including neurodegen-
eration, post - stroke, infl ammation, tumour, injury, or 
brain trauma, and may be caused by degeneration of the 
sleep – wake centres, sleep fragmentation, or medication. 
Hypersomnia in a narrow sense is describing a prolonged 
major sleep episode, usually beyond 10 hours. This phe-
nomenon is typical in  “     ‘ idiopathic hypersomnia with 
prolonged sleep time ’ , but is also reported in  ‘ non - organic 
hypersomnia ’  (ISCD - 2). The diagnostic work - up should 
always consider the possibility of sleep insuffi ciency syn-
drome or poor sleep hygiene.  

complaint of insomnia, parasomnia, or hypersomnia in 
the study participants. We also included observational 
studies. Abstracts were selected by the chairmen and 
independently inspected by individual members of the 
task force; full papers were obtained where necessary. A 
classifi cation of the different studies according to evi-
dence levels for therapeutic interventions and diagnostic 
measures will be done in accordance with the guidance 
 [2] . The panel will discuss what possible diagnostic tests 
and health care interventions could be recommended in 
each particular disease.  

  Method for  r eaching  c onsensus 

 Where there was uncertainty, further discussion was 
sought by the panel. Data extraction and quality assess-
ments were undertaken independently by the panel 
reviewers.  

  Sleep  d isorders 

  Classifi cation of  s leep  d isorders 
 The International Classifi cation of Sleep Disorders 
version 2 (ICSD - 2) lists 95 sleep disorders  [3] . The ISCD -
 2 has eight major categories: 
  1.     Insomnias  
  2.     Sleep - related breathing disorders  
  3.     Hypersomnias not due to a sleep - related breathing 
disorder  
  4.     Circadian rhythm sleep disorders  
  5.     Parasomnias  
  6.     Sleep - related movement disorders  
  7.     Isolated symptoms  
  8.     Other sleep disorders.    
 Only a selected number of the sleep disorders related to 
neurological diseases will be mentioned in this paper. 

  Insomnia 
 Insomnias are defi ned by a complaint of repeated diffi -
culties with sleep initiation, sleep maintenance, duration, 
consolidation, or quality that occurs despite adequate 
time and opportunity for sleep, and that result in some 
form of daytime impairment. 

 Insomnias can be divided into acute and chronic 
forms. The acute form, also termed adjustment insomnia, 
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  b.     abnormal REM sleep behaviours documented 
during polysomnography (PSG) monitoring;    

   •      an absence of electroencephalographic (EEG) epilepti-
form activity during REM sleep unless RBD can be 
clearly distinguished from any concurrent REM sleep -
 related seizure disorder;  
   •      the sleep disturbance not being better explained by 
another sleep disorder, medical or neurological disorder, 
mental disorder, or medication use or substance use 
disorder.    

 The patient and those sharing the bed can be injured. 
RBD is observed in the majority of patients with MSA, 
in DLB, and in a signifi cant proportion of patients with 
Parkinson ’ s disease. RBD is also commonly observed in 
diffuse Lewy body (DLB) and Machado – Joseph disease 
 [8 – 19] . Patients with isolated RBD have a signifi cant risk 
of developing Parkinson ’ s disease, DLB, or MSA, espe-
cially if other brainstem manifestations such as changes 
reduced smell, depression, mild cognitive impairment, or 
incontinence are present  [6, 10, 20] . The occurrence of 
hallucinations in Parkinson ’ s disease is related to the 
presence of RBD  [8] . Reduced striatal dopamine trans-
porters have been observed in these patients  [21] . RBDs 
are strongly linked to narcolepsy with cataplexy, espe-
cially in patients with hypocretin defi ciency  [22] , and are 
further observed in a number of other diseases, for 
example stroke and multiple sclerosis. A confi dent diag-
nosis relies on a full PSG recording, preferably with a 
synchronized audiovisual recording. 

 There is a need for further clarifi cation of the EMG 
abnormalities in RBD, with special emphasis on muscle 
tone, motor activity (number of movements, duration, 
and intensity), and their relation to sleep stages. These 
are is currently undergoing clarifi cation and evaluation.   

  Sleep -  r elated  m ovement  d isorders 
 Sleep - related movement disorders are characterized by 
relatively simple, usually stereotypic movements that 
disturb sleep to complex movements of different inten-
sity, duration and periodicities or lack of it. Periodic limb 
movements (PLM), restless legs syndrome (RLS), 
bruxism, leg cramps, rhythmic movement disorders and 
other sleep - related movement disorders are classifi ed 
under this group. Of these RLS and PLM are of particular 
interest in patients with neurodegenerative disorders. Of 
special focus is subdivision into different types of stage 
dependent movements during sleep, as observed in the 

  Circadian  r hythm  d isorders 
 Circadian rhythm disorders are defi ned as a misalign-
ment between the patient ’ s sleep pattern and the pattern 
that is desired or regarded as the societal norm. Most of 
the conditions observed in this group are associated with 
external factors like shift work, jet lag or social habits, but 
in relation to neurological diseases, conditions that 
destruct the neural input to the suprachiasmatic nucleus 
(e.g. complete bilateral retinal, optic nerve, chiasm, or 
hypothalamic lesions) may induce a condition that 
resembles circadian disorders.  

  Parasomnias 
 Parasomnias are undesirable sensorimotor events that 
appear exclusively during sleep. Parasomnias are disor-
ders of arousal, partial arousal, and sleep stage transition. 
These disorders do not primarily cause a complaint of 
insomnia or excessive sleepiness, but frequently involve 
abnormal behaviours during sleep. Many of the disorders 
are common in children, but some are also present in 
adults. Parasomnias are subdivided into the following 
groups: 
  1.     disorders of arousal from non - REM sleep: confu-
sional arousal, sleep walking, and sleep terror;  
  2.     parasomnias usually associated with REM sleep: REM 
sleep behaviour disorder (RBD), recurrent isolated sleep 
paralysis, and nightmare disorder;  
  3.     Other parasomnias, such as enuresis, sleep - related 
groaning (catathrenia), exploding head syndrome, sleep -
 related hallucinations, and eating disorders.    

 Of these parasomnias, RBD has a particular relation-
ship to neurodegenerative diseases. 

   REM   s leep  b ehaviour  d isorder ( RBD ) 
 This disorder is characterized by vigorous movements 
occurring during REM sleep associated with an abnormal 
absence of the physiological muscle atonia and with 
increased phasic electromyographic (EMG) activity 
during REM sleep  [5 – 7] . Diagnostic criteria are: 
   •      the presence of REM sleep without atonia: the EMG 
fi nding of excessive amounts of sustained or intermittent 
elevation of fragmented EMG tone, or excessive phasic 
submental or (upper or lower extremity) EMG 
twitching;  
   •      one or both of the following:  

  a.     sleep - related injuries, potentially injurious, or dis-
ruptive behaviours in the history;  
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   •      treatment - related nocturnal disturbances (e.g. insom-
nia, confusion, hallucinations, and motor disturbances);  
   •      sleep - related symptoms such as hallucinations and 
vivid dreams (nightmares), insomnia (sleep fragmenta-
tion and diffi culties maintaining sleep), nocturia, psy-
chosis, and panic attacks;  
   •      EDS, sleep attacks, and episodes of microsleep during 
waking hours;  
   •      sleep - related disorders including RBD, RLS, PLMS, 
nocturnal dystonic movements, cramps, and SDB. The 
presence of RBD in Parkinson ’ s disease is associated with 
cognitive and autonomic changes;  
   •      laryngeal stridor and obstructive sleep apnoea, which 
are commonly observed in patients with MSA and are 
associated with a poorer prognosis. Continuous positive 
airway pressure (CPAP) ventilation may improve respira-
tion and prognosis (Class III).     

majority of neurodegenerative disorders, RBD and in 
patients with narcolepsy with cataplexy. This area is cur-
rently undergoing clarifi cation and evaluation.   

  Sleep  d isorders  a ssociated with 
 n eurological  d isease 

  Tauopathies 
 Patients with progressive supranuclear palsy, Alzheimer ’ s 
disease, and corticobasal degeneration may complain of 
signifi cant sleep - related circadian disturbances, as well as 
sleep – wake and daytime problems  [5, 23 – 29] . 
   •      Sleep/wake disturbances and disruption are commonly 
observed in Alzheimer ’ s disease, with daytime sleep, sleep 
attack and episodes of microsleep.  
   •      Insomnia (sleep fragmentation and diffi culties main-
taining sleep) is common, as are nocturnal wandering, 
nocturnal confusion,  ‘ sundowning ’  psychosis, and 
nocturia.  
   •      EDS, sleep attacks, and episodes of microsleep during 
the daytime may be associated with cognitive problems.  
   •      Sleep - related disorders such as RBD, RLS, PLMS, noc-
turnal complex and dystonic movements, and cramps 
may occur in progressive supranuclear palsy and cortico-
basal degeneration, but are rare in Alzheimer ’ s disease.  
   •      Sleep breathing disorders are common in Alzheimer ’ s 
disease and are associated with disease progression and a 
poorer prognosis; however, the clinical signifi cance of 
diagnosing and treating them in this group of patients is 
questionable.     

 Recommendations 
    Sleep disorders are commonly observed in patients with 
tauopathies, and there should be an increased awareness of 
these disorders. It is recommended to perform a detailed 
medical history of sleep disorders in tauopathies, i.e. 
insomnia, EDS, motor and dreaming activity, and SDB. PSG 
recording, preferably with audiovisual recording, is suggested 
for the diagnosis, especially when RBD and/or SDB are 
suspected disorders (Level C).    

  Synucleinopathies 
 Parkinson ’ s disease, MSA, and DLB are often associated 
with major sleep – wake disorders  [13, 17, 28, 30 – 38] : 
   •      Parkinson ’ s disease - related motor symptoms including 
nocturnal akinesia, early - morning dystonia, painful 
cramps, tremor, and diffi culties turning in bed;  

 Recommendations 
    The majority of patients with synucleinopathies experience 
one or more sleep disorders. It is recommended to perform a 
detailed medical history of sleep disorders in tauopathies, i.e. 
insomnia, EDS, motor, and dreaming activity, and SDB PSG 
recording, preferably with audiovisual recording, is suggested 
for the diagnosis, especially when RBD and/or SDB is 
suspected (Level B).    

  Stroke 
 Patients with strokes, primarily infarctions, may suffer 
from several sleep disorders and disturbances. Their 
occurrence and manifestations may vary depending on 
the specifi c neurological defi cits  [39 – 50] : 
   •      SDB, especially OSAS and nocturnal oxygen desatura-
tions, have commonly (  50%) been found in patients 
with acute stroke as well as after neurological recovery. 
OSAS is a risk factor for stroke, and co - existing OSAS in 
stroke patients may increase the risk of a further stroke. 
The presence of SDB, especially OSAS, may worsen the 
prognosis and increase the stroke re - occurrence risk. SDB 
may be provoked by stroke, especially, after damage to the 
respiratory centres in the brainstem or bulbar/
pseudobulbar paralysis due to brainstem  . Pre - existing 
sleep apnoea prior to stroke may present a risk factor for 
stroke, with comorbid obesity, diabetes, coronary artery   
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primary SDB in patients with ALS  –  as in other neuro-
muscular diseases  –  is therefore a sleep hypoventilation 
syndrome (SHVS), whereas OSAS is rare  [53] . 

 Management of these patients should therefore include 
relevant questions regarding symptoms suspicious for 
SDB. Common symptoms of nocturnal hypoventilations 
include insomnia, headache, and daytime somnolence 
 [59] . 

 Oximetry has been suggested for the identifi cation of 
and screening for sleep - related hypoventilation in 
patients with ALS, but its value is limited to identifying 
nocturnal desaturations that may occur during non -
 REM and REM sleep  [57, 60, 61] . Care should be taken 
because  p CO may increase before desaturations are 
observed, especially in patients with additional chronic 
obstructive lung disease. Nocturnal oximetry has been 
suggested as valuable for screening and for evaluating the 
treatment effect  [53, 57] . There has been no validation of 
the diagnostic yield between a full PSG, respiratory 
polygraphy, and nocturnal oximetry in these patients. 
It is, however, important to identify early symptoms 
of respiratory failure in sleep, as these patients are able 
to compensate their hypercapnia during wakefulness 
for a long time. This is the at which one should bring 
in a regular measurement of respiratory parameters 
 [62 – 66].     

disease and hypertension, and other cerebrovascular risk 
factors. There are several haemodynamic changes in sleep 
apnoea that may play a role in the pathogenesis of stroke 
development. Stroke and SDB are both common and are 
associated with signifi cant morbidity and mortality.  
   •      CPAP treatment for OSAS in may reduce the risk of 
cardio -  and cerebrovascular complications (Class I) and 
potential re - occurrence of stroke, but the compliance is 
poor to moderate compared with the compliance in 
OSAS patients who have not had a stroke (B).  
   •      Sleepiness and fatigue are commonly reported in 
patients after stroke and are often disabling symptoms.  
   •      Other sleep disorders, such as insomnia, RBD, and 
PLMS, may be observed as part of or after stroke.     

 Recommendations 
    SDB often occurs in patients with motor neuron, motor end 
plate, and muscle diseases, and should be considered in all 
patients. Minimum evaluation should include PSG eventually 
combined with additional carbon dioxide analysis, and 
eventually supplied with serial polygraphy or oximetry 
measures for the identifi cation of sleep - related 
hypoventilation during the disease course (Level B).  

 Recommendations 
    Sleep disorders, especially SDB, occur often in stroke 
patients. Screening for SDB and other sleep disorders is 
recommended as part of the stroke evaluation programme, 
especially in ischaemic stroke patients (Level A).    

  Motor  n euron,  m otor  e nd  p late, and 
 m uscle  d iseases 
 SDB is observed in several neuromuscular diseases, 
including muscular dystrophy, myotonic dystrophy, 
myasthenia gravis, ALS, and post - polio syndrome. 
Although there may be differences, some general obser-
vations can be made. Hypoxaemia, especially during 
REM sleep, is commonly found. Severity is correlated to 
respiratory strength, and sleep - related hypoventilation is 
usually non - obstructive  [51, 52] . 

 Patients with ALS and other severe motor neuron dis-
eases have progressive motor deterioration with progres-
sive respiratory insuffi ciency. This may manifest primarily 
during sleep, where the motor drive is reduced. This is 
especially true for patients with the bulbar form of ALS 
or involvement of C3 – C5 in the anterior horn  [53, 54] . 
The prognosis is closely related to respiratory muscle 
strength  [55] . Of note, sudden nocturnal death often 
occurs during sleep. Respiratory indices such as low noc-
turnal oxygen saturation are associated with a poorer 
prognosis  [56, 57] . Patients with diaphragmatic involve-
ment may have signifi cantly reduced REM sleep  [58] . The 

  Genetic  n eurodegenerative  d isorders 
 Other neurodegenerative disorders of genetic cause may 
present several sleep disturbances. Subjects with SCA - 3 
(Machado – Joseph disease) may also complain of RLS, 
periodic leg movements, vocal cord paralysis, and RBD 
 [9, 11, 18, 67, 68] . In patients with Huntington ’ s disease, 
the involuntary movements tend to diminish during 
sleep  [69] . Sleep disturbances, including disturbed sleep 
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  Management of  s leep  d isorders in 
 n eurological  d iseases 

  Diagnostic  t echniques in 
 s leep  d isorders 
 Diagnostic procedures for sleep diagnosis include PSG, 
partial time PSG, partial polygraphy (or respiratory 
polygraphy), and limited channel polygraphy: oximetry 
determining arterial oxygen saturation/pulse and actim-
etry. Daytime sleepiness may be evaluated with the 
Multiple Sleep Latency Test (MSLT) or Maintenance 
of Wakefulness Test (MWT). Many of the tests are 
increasingly easy to perform in or outside hospital due to 
technological advantages. Consequently, diagnostic pro-
cedures may be more easily performed as part of the 
diagnostic program for neurological patients. An over-
view of these tests is presented in table  39.1 .    

  Treatment of  SDB  in 
 n eurological  d iseases 

  Treatment of  OSAS  
 CPAP is a well - documented treatment for moderate and 
severe OSAS (apnoea – hyperpnoea index   15/h) and 

pattern with an increased sleep onset latency, reduced 
sleep effi ciency, frequent nocturnal awakenings, and 
more time spent awake with less slow wave sleep, have 
been reported. These abnormalities correlate in part with 
the duration of illness, severity of clinical symptoms, and 
degree of atrophy of the caudate nucleus  [70] . The sleep 
phenotype of Huntington ’ s disease may also include 
insomnia, advanced sleep phase, periodic leg movements, 
RBDs, and reduced REM sleep, but not narcolepsy. 
Reduced REM sleep may precede chorea. Mutant hun-
tingtin may exert an effect on REM sleep and motor 
control during sleep  [71] . However, other studies have 
not reported specifi c sleep disorders in Huntington 
patients  [72] .      

 Recommendations 
    Sleep disorders occur in several genetic neurological diseases. 
The patients should be questioned, and further evaluation of 
these disorders should rely on a clinical judgement (Level C).  

improves nocturnal respiratory abnormalities, daytime 
function, and cognitive problems  [73 – 78]  (Class I). 
There is no signifi cant difference regarding treatment 
effect or changes in subjective variables between fi xed -
 pressure CPAP and auto - adjusted CPAP  [79, 80]  
(Class I). 

 CPAP and bi - level positive airway pressure ventilation 
is potentially useful in patients with SDB in stroke  [40] , 
despite negative reports  [81] . The evidence on whether 
this infl uences quality of life, daytime symptoms, reha-
bilitation, morbidity, and mortality is, however, limited, 
which needs further clarifi cation  [49]  (Class II). 

 Severe SDBs, including laryngeal stridor in patients 
with MSA, may be treated with CPAP/bi - level CPAP. 
Recent studies suggest that treatment with CPAP for 
MSA patients with laryngeal stridor showed high CPAP 
tolerance, no recurrence of stridor, no major side effects, 
and a subjective improvement in sleep quality, and that 
there is an increased survival time for MSA patients 
without stridor  [31, 82] . CPAP is therefore an effective, 
non - invasive, long - term therapy for nocturnal stridor 
(Level C) and may prevent worsening of stridor under 
increasing dopaminergic dosages. 

 In some patients, for example those with neuromus-
cular disorders, CPAP may be diffi cult to accept, and 
bi - level positive airway pressure ventilation may be used 
 [83]  (Class IV). 

 There is evidence suggesting that oral appliance use 
improves subjective sleepiness and SDB compared with 
controls in patients with OSAS without neurological 
disease (Level B). Nasal CPAP is apparently more effective 
in improving SDB than oral appliance use (Level B). 
There are no data regarding the use of oral appliances in 
patients with neurological diseases, so caution should be 
applied concerning the use of oral appliances in patients 
with OSAS  [84, 85]  (Level C). 

 Surgical treatment has a limited effect on OSA  [86, 87]  
(Class III). There are no studies suggesting that surgery 
in the upper airway has any effect on OSAS in patients 
with neurological diseases. 

 Drug treatments have no positive effect on OSAS  [88]  
(Class II). There is no study available indicating that 
medication has any treatment effect for OSAS in patients 
with neurological diseases 

 Although some patients with OSAS present an 
increased weight and a negative lifestyle profi le (in terms 
of tobacco, alcohol, and physical activity), no controlled 
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due to the rareness of the disease, there are no random-
ized studies regarding CSAHS and treatment. Drug 
treatment with acetazolamide and theophylline has 
furthermore been suggested  [93] , but the evidence for 
their use is poor (Class IV).  

  Treatment of  CSBS  
 Initially, CPAP was used in patients with central apnoea/
CSBS and cardiac insuffi ciency  [94 – 97] , but in recent 
years adaptive ventilation has been found to be effective, 

studies have evaluated the effect of intervention against 
these factors  [89]  (Class IV). No studies have addressed 
the effect of lifestyle interventions on OSAS in patients 
with neurological diseases.  

  Treatment of  CSAHS  
 Case series have shown that CPAP treatment does not 
infl uence the carbon dioxide response in CSAHS, despite 
a reduction in apnoeas, an increase in    p aO 3 , and a reduc-
tion in subjective sleepiness  [90 – 92]  (Class IV). Probably 

  Table 39.1    Methods for the diagnosis of sleep disorders in neurological disease. 

   Type of PSG     Defi nition     Indication     Advantage/disadvantage  

  Routine PSG    Multi - channel EEG, EOG, submental 
EMG, ECG, respiration,   /   tibial 
EMG  

  Routine screening for sleep 
disorders: SDB, PLMS, chronic 
insomnia  

  Gold standard. May be performed 
in or outside hospital. Standard 
method  

  Extended PSG    Routine PSG        extra physiological 
channels, e.g. EMG, intraoesophageal 
pressure, carbon dioxide  

  Special indications: oesophageal 
refl ux, myoclonias, etc. 
Depends on selected channels  

  Moderately expensive, time -
 consuming, staff - demanding  

  Video - PSG    PSG        video recording    Motor and behavioural 
phenomena during sleep  

  A video signal is present. Full 
physiological recording. Includes 
audiovisual channels  

  Full EEG – PSG    Full 10 – 20 EEG        PSG    Motor and behavioural 
disturbances for the 
differential diagnosis of 
epilepsies  

  Full diagnostic procedures are 
obtained. The difference 
between the methods is 
primarily the number of EEG 
channels. Expensive, time -
 consuming, staff - demanding  

  MSLT    Multiple (  4) trials per day of PSG 
determination of sleep latencies of 
intended sleep  

  Central hypersomnias including 
narcolepsy, distinction 
between tiredness and EDS. 
Supportive for EDS in 
neurological diseases  

  Supportive for the diagnosis of 
hypersomnia and narcolepsy/
sensitive to foregoing sleep loss 
and discontinuation of REM 
sleep - inhibiting drugs  

  MWT    Multiple (  4) trials per day of PSG 
determination of sleep latencies of 
intended sleep inhibition  

  Determination of ability to stay 
awake  

  Supportive for wakefulness 
capabilities, useful for driving 
ability and treatment effects  

   Partial channel polygraphy   
  Respiratory 

polygraphy  
  Monitoring of respiration        arterial 

oxygen saturation   /   cardiac 
measures, e.g. pulse  

  OSAS    Easy, inexpensive. Moderate to 
good sensitivity and specifi city 
for OSAS; the validity for other 
SDBs is not known  

  Oximetry    Monitoring of arterial oxygen saturation    Monitoring or screening for 
severe SDB  

  Easy, inexpensive. Low sensitivity 
and specifi city for SDB. 
Exclusion of SDB not possible  

  Actigraphy    Determination of motor activity 
(days – months)  

  Sleep – wake disturbances    Inexpensive. Limited clinical 
usefulness  

   ECG, electrocardiography; EOG, Electrooculography. See text for other abbreviations.   
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cussed early in the course of the disease. It is important 
to clarify the limitations of the treatment, and the discus-
sion should include careful debate regarding whether 
such treatment should be offered, its initiation, the need 
for tracheotomy, whether invasive ventilation should be 
offered, and discontinuation  [106, 107] .   

  Drug  t reatment 

  Treatment of  EDS  in  n eurological  d iseases 
 Several groups of patients with neurological diseases 
commonly complain of EDS. The aetiology may be sec-
ondary to the neurological disease or its medication 
(dopaminergic or benzodiazepine drugs), or the conse-
quence of concomitant sleep disorders such as sleep 
apnoea, nocturnal motor phenomena, etc. In patients in 
whom these factors cannot be modifi ed, stimulants such 
as methylphenidate or modafi nil may be used as symp-
tomatic therapy. Modafi nil was primarily introduced to 
treat EDS in narcolepsy  [108 – 113] . Case studies  [114, 
115]  and double - blind controlled studies  [116, 117]  
suggest that modafi nil reduces EDS in Parkinson ’ s 
patients (Class B - II ) despite the fact that Ondo  et al . ’ s 
study did not prove the long - term effect of modafi nil in 
Parkinson ’ s disease  [118] . Modafi nil has also been sug-
gested in ALS  [119]  and post - stroke depression  [120, 
121] , but no controlled studies are available (Class IV). 
Furthermore, modafi nil has been used for the treatment 
of residual EDS in OSAS undergoing CPAP treatment 
without neurological comorbidity  [122] . There is some 
evidence that other centrally acting drugs such ass meth-
ylphenidate may have similar effects  [123] , but there have 
been no comparisons between modafi nil and methylphe-
nidate. EDS in Parkinson ’ s disease was successfully 
reduced by sodium oxybate  [124]  (Class II).  

  Other  d rug and  n on -  p harmacological  t reatment 
of  s leep  d isorders in  n eurological  d iseases 
 Treatment of sleep disorders in neurodegenerative dis-
eases is often complex and may involve different strate-
gies. Parkinson ’ s disease - related motor symptoms can be 
treated with long - acting DA   agonists to obtain continu-
ous DA receptor stimulation during the night. On the 
other hand, nocturnal disturbances may be related to 
treatment, and therefore continued monitoring of treat-
ment effect should offered. 

probably via an increased preload in patients with signifi -
cant cardiac failure, and to reduce the respiratory 
abnormalities, although the long - term prognosis is not 
known  [98, 99]  (Class IV). A recent randomized con-
trolled study suggests that the use of non - invasive adap-
tive ventilation may improve daytime function and 
respiratory and cardiac measures  [100]  (Class II). The 
experience with the use of adaptive ventilation, CPAP or 
bi - level CPAP in patients with Cheyne – Stokes respiration 
due to central respiratory failure, for example brainstem 
lesions, is sparse, and the evidence level is poor (Class C).  

  Treatment of  s leep  h ypoventilation  s yndrome 
 Treatment includes nasal intermittent positive - pressure 
ventilation (NIPPV) with bi - level positive airways pres-
sure (variable positive airways pressure), non - invasive 
volumetric ventilation, and eventually invasive ventila-
tion, under the control of nocturnal respiratory param-
eters  [101]  (Class IV). CPAP is not the primary treatment, 
as the motor effort is mostly reduced in these patients, 
which may lead to worsening of the SDB. NIPPV may 
reduce sleep disturbances, increase cognitive function, 
and prolong the period to tracheostomy  [102, 103]  (Class 
IV). Current evidence about the therapeutic benefi t of 
mechanical ventilation is weak but consistent, suggesting 
alleviation of the symptoms of chronic hypoventilation 
in the short term. Evidence from a single randomized 
trial of non - invasive ventilation with a limited number 
of participant suggests a prolonged survival and improved 
quality of life in people with ALS, especially among those 
with minor bulbar involvement, but not in patients with 
severe bulbar impairment  [104, 105]  (Class III).  

  Follow -  u p 
 Although there is no evidence on when and how the 
follow - up of treatment with CPAP and NIPPV should be 
executed, we recommend regular follow - up of the treat-
ment with control of compliance and treatment effect 
(Class IV).  

  Ethical  a spects 
 Treatment of patients with severe neurological diseases 
such as ALS and MSA with NIPPV includes medical and 
ethical problems that should be addressed. Adequate 
involvement of the patients and family, and the treat-
ment, its use, and its limitations, should be carefully dis-
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 Patients with dementias often present circadian distur-
bances that may be relieved by melatonin and light 
therapy  [126 – 142]  (Class IV). 

 In selected cases, treatment with hypnotics are men-
tioned to be useful, but the evidence is limited and care 
should be undertaken in terms of chronic use, the risk of 
falls, daytime sedation, confusion, and the risk of worsen-
ing of SDB in the elderly.     

 Some sleep disorders, such as RLS and PLMS, may be 
controlled by DA agents, and others, such as insomnia 
and EDS, may be improved by reducing dopaminergic 
stimulation (Class IV). 

 Clonazepam or donepezil, possibly prescribed with 
melatonin, has been suggested based on case series for 
the treatment of RBD. No controlled studies are available 
 [33, 125] . 

  5.     Oximetry has a poor sensitivity/specifi city for the 
identifi cation of OSAS in patients without neurological 
diseases. Oximetry cannot differentiate between obstructive 
and central sleep apnoea and is insuffi cient to identify 
stridor. Oximetry alone is not recommended for the 
diagnosis of SDB in neurological disorders.  

  6.     Patients with SDB, muscle weakness, and cardiac or 
pulmonary comorbidity may present a sleep hypoventilation 
syndrome that manifests early as increased carbon dioxide. 
 p aCO should be measured in such cases during sleep 
recordings.  

  7.     Fixed - pressure CPAP/auto - adjusted CPAP is the most 
effective treatment for OSAS. This probably also includes 
patients with OSAS and neurological diseases. However, 
there is a need for further evaluation of the effect of CPAP 
in patients with OSAS and neurological diseases.  

  8.     Bi - level/variable positive - airway pressure ventilation, NIPPV, 
and volumetric ventilation are useful for SDBs such as 
central apnoeas, Cheyne - Stokes breathing, and alveolar 
hypoventilation.  

  9.     There is a clear need for further studies focusing on the 
diagnostic procedures and treatment modalities in 
neurological patients with sleep disorders.     

 Recommendations 
       1.     Patients with neurological diseases often have signifi cant 

sleep disorders that affect sleep and daytime function, with 
increased morbidity and even mortality. Many of these 
disorders are treatable. Therefore, increased awareness 
should be directed toward sleep disorders in patients with 
neurodegenerative, cerebrovascular, and neuromuscular 
diseases. Despite this, there are limited number of studies 
with a high evidence level.  

  2.     PSG is a diagnostic minimum for the diagnoses of sleep 
disorders in patients with neurological diseases.  

  3.     In patients with nocturnal motor and/behaviour 
manifestations, a full video - PSG/video - EEG – PSG is 
recommended.  

  4.     Respiratory polygraphy has a moderate sensitivity and 
specifi city in the diagnosis of OSAS without neurological 
diseases, but its value for the diagnosis of other SDBs or in 
neurological patients with suspected OSAS has not been 
evaluated compared with the gold standard of PSG. 
Consequently, respiratory polygraphy may be used as a 
method for detecting OSAS, but the value of its use for 
SDB in patients with neurological diseases needs further 
validation.  

  Confl icts of  i nterest 
 None reported.   
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subcommittee of the Brain Injury Interdisciplinary 
Special Interest Group of the American Congress of 
Rehabilitation Medicine. The initial recommendations of 
the Committee were published in 1992 as the  ‘ Guidelines 
for cognitive rehabilitation ’   [3]  and were based on so -
 called expert opinion that did not take into account 
empirical evidence on the effectiveness of cognitive reha-
bilitation. More recently, a review of the scientifi c litera-
ture for cognitive rehabilitation in patients with TBI 
published from January 1988 through August 1998 
(including 11 randomized clinical trials [RCTs]) noted 
that data on the effectiveness of cognitive rehabilitation 
programmes were limited by the heterogeneity of sub-
jects, interventions, and outcomes studied  [4] . 

 As a preliminary consideration, we wish to underline 
that the present status of studies on the effectiveness of 
cognitive rehabilitation is still not satisfactory. We are 
fully convinced that the standards required for the evalu-
ation of pharmacological and surgical interventions also 
apply to rehabilitation. In particular, it is necessary to 
show that rehabilitation is effective not only in modifying 
the impairment, but also in having sustained effects at 
the disability level. Unfortunately, the majority of RCTs 
in this area are of poor methodological quality, have 
insuffi cient sample size, and fail to assess the outcome at 
the disability level. Many other studies fail to compare 
intervention with placebo or sham treatment. 

 Before recommendations are advanced, a word of 
caution is necessary to alert the reader to the fact that 
there are differences in the classifi cation schemes and 
rating systems used by different professional societies. 
Consequently, reviews and recommendations based on 
such systems may not always be directly comparable. 
Furthermore, inherent to each classifi cation schema are 
grey zones, leeway of interpretation, and diffi culties 
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   Introduction 

 The rehabilitation of disorders of cognitive functions 
(language, spatial perception, attention, memory, calcu-
lation, praxis), following acquired neurological damage 
of different aetiology (in particular, stroke and traumatic 
brain injury [TBI]), is an expanding area of neurological 
rehabilitation, and has been the focus of considerable 
research interest in recent years. In 1999, a Task Force on 
Cognitive Rehabilitation was set up under the auspices of 
the European Federation of Neurological Societies 
(EFNS). The aim was to evaluate the existing evidence 
for the clinical effectiveness of cognitive rehabilitation in 
stroke and TBI, and provide recommendations for neu-
rological practice. The results were published in 2003 in 
the  European Journal of Neurology   [1]  and updated in 
2005  [2] . The present chapter is an update and a revision 
of these guidelines. 

 For these guidelines, we have limited ourselves to a 
review of studies dealing with the rehabilitation of non -
 progressive neuropsychological disorders due to stroke 
and TBI. As a consequence, several important areas of 
 ‘ cognitive rehabilitation ’  have been excluded, such as the 
rehabilitation of dementia, psychiatric, and developmen-
tal disorders. In addition, we have not considered studies 
of pharmacological treatments. 

 The prevalence and relevance of cognitive rehabilita-
tion for stroke and TBI patients require the establishment 
of recommendations for the practice of cognitive reha-
bilitation, and these have been formally recognized by a 
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grammes based on the principles of cognitive neuropsy-
chology  [9] . The need to establish the effectiveness of 
aphasia rehabilitation has stimulated a number of inves-
tigations, dating back to the period after the Second 
World War, and has been based on a variety of method-
ologies. A meta - analysis of studies dealing with the effec-
tiveness of language rehabilitation, limited to aphasia as 
a result of stroke, has been made available by the 
Cochrane collaboration. The review covers articles about 
speech and language rehabilitation after stroke up to 
January 1999  [10] . The conclusion of the review is that 
 ‘ speech and language therapy treatment for people with 
aphasia after a stroke has not been shown either to be 
clearly effective or clearly ineffective within an RCT. 
Decisions about the management of patients must there-
fore be based on other forms of evidence. Further 
research is required to fi nd out if speech and language 
therapy for aphasic patients is effective. If researchers 
choose to do a trial, this must be large enough to have 
adequate statistical power, and be clearly reported ’ . This 
conclusion is based on a limited number of RCTs (12), 
all of which were considered of poor quality. 

 The reviews by Cicerone  et al.   [11]  (updated in 2005) 
reached a different conclusion, i.e. that  ‘ cognitive - 
linguistic therapies ’  can be considered as Practice Stan-
dard for aphasia after stroke; similar, positive conclusions 
for TBI are based on limited and less consistent evidence. 
The reasons for this discrepancy can be found in the dif-
ferent criteria used in the two reviews. Several studies 
classifi ed as Class I by Cicerone  et al.   [11, 12]  were 
excluded by the Cochrane reviewers. For example, one 
study by Hagen  [13]  was excluded because of the lack of 
true randomization (the patients being sequentially 
assigned to treatment or no treatment). Another study 
 [14]  was probably excluded because it dealt only with 
computer - assisted reading rehabilitation. Two small 
RCTs  [15, 16] , which reported positive treatment effects, 
were excluded from the Cochrane Review because they 
were devoted to communication disorders after TBI. 

 By defi nition, all Class II and III evidence is not 
included in the Cochrane review. This resulted in the 
exclusion of the three large studies by Basso  et al.   [17] , 
Shewan and Kertesz  [18]  and Poeck  et al.   [19] , all indicat-
ing signifi cant benefi ts of treatment. An additional small 
Class II study by Carlomagno  et al.   [20]  supported the 
usefulness of writing rehabilitation in patients in the 
post - acute stage. Additional evidence for treatment 

comparing studies due to their heterogeneous approaches. 
(For a helpful discussion on issues pertaining to classifi -
cation schemes and recommended guidelines, see  [5] .) 
As communicated by Cicerone  [6] , increasing national 
and international collaboration among the various soci-
eties and organizations should lead to more consensus 
on the best practice of cognitive rehabilitation.  

  Search  s trategy 

 Each member of the task force was assigned an area of 
cognitive rehabilitation (S.F.C., aphasia; S.C./S.F.C., uni-
lateral neglect; B.R., attention; B.S., memory; C.M.v.H., 
apraxia; T.B., acalculia) and systematically searched the 
Evidence - Based Medicine Reviews/Cochrane Central 
Register of Controlled Trials, MEDLINE and PsycINFO 
databases using the appropriate key words, and searched 
textbooks and existing guidelines. The general consensus 
was to include articles only if they contained data that 
could be rated according to the grades of recommenda-
tion for management, classifi ed in terms of level of evi-
dence following the revised guidance statement for 
neurological management guidelines of the EFNS  [7] .  

  Method for  r eaching  c onsensus 

 Data collection and analysis of evidence were performed 
independently by each participant according to the 
assignment mentioned above. On the basis of the single 
reports, S.F.C. produced a fi rst draft of the guidelines that 
was circulated several times among the task force 
members until the discrepancies in each topic were 
solved and a consensus was reached.  

  Results 

  Rehabilitation of  a phasia 
 The rehabilitation of speech and language disorders 
following brain damage is the area of intervention for 
acquired cognitive defi cits with the longest tradition, 
dating back to the nineteenth century  [8] . A variety 
of approaches have been applied to the rehabilitation of 
aphasia, from stimulation approaches to the recent 
attempts to establish theory - driven treatment pro-
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 et al .  [29]  indicates that a similar programme is associ-
ated with a persistent improvement at a 6 months follow -
 up. The results of a small - scale, Class III study comparing 
CIT with a comparable schedule of multiple - modality 
treatment suggest that the effectiveness of the approach 
is more related to  ‘ massed practice ’  than to the forced use 
of language modality  [30] . A recent Class I study  [31]  
compared the effectiveness of CIT alone, memantine 
alone, or combined CIT and pharmacological treatment. 
The best outcome, assessed with a functional communi-
cation scale, was found in the combined treatment group, 
and was persistent at long - term follow - up. 

 The use of computerized training as an adjunct to 
aphasia treatment is supported by the results of several 
Class III studies  [12] . In particular, a study by Laganaro 
 et al .  [32]  suggested that the number of treatment items 
rather than the number of repetitions plays an important 
role in recovery of naming. Additional data have been 
reported by Fridriksson  et al .  [33]  (positive effects of 
visual speech training on naming abilities) and Manheim 
 et al .  [34]  (positive effects of intensive computerized 
home training on communication abilities).    

effects comes from investigations on small patient 
samples (Class II). A study comparing group communi-
cation treatment with  ‘ deferred treatment ’  indicated 
positive effects on both linguistic and communication 
measures  [21] . A randomized study compared semantic 
with phonological treatment of anomia. Both treatments 
resulted in a signifi cant improvement in functional com-
munication  [22] . 

 Single - case studies are also not considered in the 
Cochrane Reviews. This is particularly relevant because 
most of the treatment studies based on the cognitive 
neuropsychological approach make use of the single - case 
methodology. A review paper by Robey  et al.   [23]  criti-
cally discussed this approach and concluded that gener-
ally large treatment effects have been found in aphasic 
patients. Moss and Nicholas  [24]  analysed the single - case 
studies in chronic aphasic patients, and did not fi nd a 
relationship between treatment response and time 
post - onset. 

 Some of the available RCTs comparing therapy with 
unstructured stimulation were based on a very limited 
number of treatment sessions. Recent studies have 
addressed the crucial issue of the role of intensity and 
length of treatment. A meta - analysis by Bhogal  et al.   [25]  
showed that studies reporting a signifi cant treatment 
effect provided 8.8 h of therapy per week for 11.2 weeks, 
while the negative studies only provided approximately 
2 h per week for 22.9 weeks. The total length of therapy 
was signifi cantly inversely correlated with a mean change 
in the Porch Index of Communicative Abilities scores. 
The number of hours of therapy provided in a week was 
signifi cantly correlated to greater improvement on the 
Porch Index of Communicative Abilities and the Token 
Test. These results suggest that an intense therapy pro-
gramme provided over a short amount of time can 
improve outcomes of speech and language therapy for 
stroke patients with aphasia (see, however,  [26] ). A small 
RCT comparing intensive (5 h/week) with conventional 
(2 h/week) intervention found similar effects of the two 
treatment schedules at 6 months  [27] . On a similar line, 
several studies have assessed the effectiveness of  ‘ con-
straint - induced ’  aphasia therapy (CIT), i.e. an approach 
based on the intensive stimulation of language modality, 
constraining the use of non - verbal communication strat-
egies. A small RCT comparing  ‘ massed ’  with conven-
tional treatment showed a signifi cant superiority of the 
 ‘ massed ’  intervention  [28] . A further study by Meinzer 

 Recommendations 
    The conclusions of the Cochrane Review of aphasia 
rehabilitation after stroke are not compatible with Level A 
for aphasia therapy. Considerable evidence from Class II and 
III studies, as well as from rigorous single - case studies 
supports its probable effectiveness (Level B). There is a need 
for further investigations in the fi eld, based on the defi nition 
of specifi c language targets (i.e. word comprehension, 
sentence production) in homogeneous samples of patients 
submitted to well - defi ned treatment approaches.  

  Rehabilitation of  u nilateral 
 s patial  n eglect 
 The presence of hemineglect beyond the acute stage is 
associated with poor outcome in terms of independence 
 [35, 36] , and considerable effort is therefore devoted to 
its rehabilitation. Several reviews on the effectiveness of 
unilateral spatial neglect (ULN) rehabilitation are avail-
able  [37 – 44] . 

 A Cochrane Review  [45]  reported data from 12 studies 
and found evidence that cognitive rehabilitation resulted 
in signifi cant and persisting improvements in perfor-
mance in cancellation and line bisection tests. There was, 
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 The  forced use of the left visual hemifi eld or left eye  
showed a relative benefi t in neglect in one Class II  [80]  
and three Class III studies  [81 – 83] . A negative result was 
reported by Fong  et al .  [84] . 

  Computer training  yielded mixed results. One Class I 
 [85]  and one Class III  [86]  study reported an absence of 
signifi cantly positive effects, while a more recent Class II 
study showed a statistically signifi cant improvement in 
wheelchair mobility  [87] .    

however, insuffi cient evidence to confi rm or exclude an 
effect of cognitive rehabilitation at the level of disability, 
or on destination following discharge from hospital. 

 There is evidence for the effectiveness of multiple 
approaches in reducing ULN manifestations.  Combined 
training of visual scanning, reading, copying, and fi gure 
description  yielded a statistically signifi cant improvement 
in neglect symptoms in one Class II  [46]  and two Class 
III studies  [47, 48] . Visual scanning training alone was 
shown to improve neglect signifi cantly in one Class I 
study  [49] .  Spatiomotor or visuo - spatiomotor cueing  
improved neglect signifi cantly in one Class I  [50]  and two 
Class III studies  [51, 52] .  Visual cueing with kinetic stimuli  
was found to bring a signifi cant, albeit transient, improve-
ment in three Class III studies  [53 – 55] . However, the use 
of optokinetic stimulation did not improve neglect in a 
recent Class I study  [56] .  Video feedback   [57]  and  visuo-
motor feedback   [58]  were shown to improve signifi cantly 
performance on trained tasks in Class III and II studies, 
respectively.  Training of sustained attention, increasing of 
alertness or cueing of spatial attention  was shown to sig-
nifi cantly improve neglect in Class III studies  [59 – 62] . 

 Several studies investigated the effects of  infl uencing 
multisensory representations.  These studies in general 
demonstrated transient effects, lasting little longer than 
the end of the appropriate stimulation. Vestibular stimu-
lation by cold water infusion into the left outer ear canal 
showed signifi cant effects on different aspects of the uni-
lateral neglect in fi ve Class III studies  [63 – 66] . Galvanic 
vestibular stimulation signifi cantly improved neglect 
symptoms in one Class III study  [67] . Transcutaneous 
electrical stimulation of the left neck muscles showed 
signifi cant effects in four Class III studies  [68 – 71] , and 
neck muscle vibration demonstrated an effect in one 
Class II study  [72] . The latter is the only study of this 
group that showed a persistent effect after 2 months. 
Changes in trunk orientation had signifi cantly positive 
effects in one Class II study  [73] . 

 The use of  prism goggles  deviating by 10 degrees to the 
right, introduced relatively recently, was shown to 
improve signifi cantly, in a transient fashion, neglect 
symptoms in two Class II  [74, 75]  and one Class III study 
 [76] . A Class III study applied the prism goggle treatment 
for a 2 - week period and obtained statistically signifi cant 
improvement in the long term  [77] . Two further Class 
III studies  [78, 79]  have shown a persistence of the effects 
at, respectively, 3 and 6 months. 

 Recommendations 
    Several methods of neglect rehabilitation were investigated 
in Level I or II studies. The Cochrane Review concludes that, 
while there is evidence of persisting improvements in ULN 
symptoms, insuffi cient evidence is available to confi rm or 
exclude an effect of cognitive rehabilitation at the functional 
level. With this caveat in mind, present evidence confers 
Level A recommendation to visual scanning training and to 
visuo - spatiomotor training, and Level B recommendation to 
the combined training of visual scanning, reading, copying, 
and fi gure description; to trunk orientation; to neck 
vibration; to forced use of the left eye; to the use of prism 
goggles; and to video feedback. Level B – C recommendation 
was made for training of sustained attention and alertness. 
Level C of recommendation is valid for transient effects due 
to caloric or galvanic vestibular stimulations, as well as 
transcutaneous electrical stimulation of the neck muscles.  

  Rehabilitation of  a ttention  d isorders 
 Attention defi cits follow many types of brain damage, 
including stroke and TBI  [88, 89] . A pioneering study by 
Ben - Yishay  et al.   [90]  explored the treatment of defi cits 
in focusing and sustaining attention in 40 brain - injured 
adults. There was not only an improvement in the atten-
tion - training tasks, but also a generalization to other 
psychometric measures of attention, both maintained at 
6 - month follow - up. Using a multiple - baseline design, 
with patients at 4 – 6 years after head injury, Wood  [91]  
found that contingent token reinforcement was effective 
in increasing patients ’  ability to sustain attention on a 
task. Several studies  [92 – 94]  have explicitly incorporated 
and evaluated therapeutic interventions such as feed-
back, reinforcement, and strategy teaching into the atten-
tion rehabilitation programmes. 

 The Cochrane Review by Lincoln  et al.   [95] , having 
searched for controlled trials of attention training in 
stroke, identifi ed only the study of Schoettke  [96]  
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second Class I study  [107]  taught 22 patients with severe 
TBI to compensate for slowed information - processing 
and the experience of  ‘ information overload ’  in daily 
tasks. Participants were randomly assigned to receive 
either time pressure management or an alternative treat-
ment of generic  ‘ concentration ’  training. Participants 
receiving time pressure management showed a signifi -
cantly greater use of self - management strategies and a 
greater improvement in attention and memory function-
ing than did participants who received the alternative 
treatment. Although the precise nature of the interven-
tions in these 2 Class I studies differs, they share a 
common emphasis on the development of strategies to 
compensate for residual cognitive defi cits ( ‘ strategy 
training ’ ) rather than attempting to directly restore the 
underlying impaired function ( ‘ restitution training ’ ). 
The results of these two studies and of an additional small 
Class II study  [108]  are therefore consistent with a strat-
egy training model for attention defi cits after TBI. 

 Stablum  et al.   [111]  in a Class III study reported that 
the shift cost was greater for patients with severe TBI than 
for controls: treatment consisted of fi ve sessions, in 
which an endogenous task shift paradigm was used. 
When a subject is engaged in two speeded tasks, not 
simultaneously but with some form of alternation, the 
response is slower to an item of task A if it is preceded 
by an item of task B than if it was preceded by an item 
of task A. This shift cost is small when subjects can 
prepare in advance for the new task (endogenous task 
shift), whereas the cost is much greater when preparation 
is not possible (exogenous task shift). A signifi cant reduc-
tion of the endogenous shift cost from assessment to 
retest was found. The reduction remained stable at the 
4 - month follow - up session. It seems that these results 
were not simply due to retesting, as the control patients 
did not show any improvement at retest. Interestingly, 
no reduction of exogenous task shift cost was found. The 
results showed also that the benefi cial effect of the treat-
ment generalizes to other executive functions. 

 TBI patients who successfully completed attentional 
training showed changes in attentional network activa-
tion on functional magnetic resonance imaging, namely 
decreased frontal lobe activity together with increased 
function of the anterior cingulated cortices and precu-
neus in comparison with the pre - training neuroimaging 
data showing, in the same patients, more activation in 
the frontal and temporoparietal lobes, and less activation 

showing the effi cacy of attention training in improving 
sustained attention. 

 Thirteen studies were reviewed by Cicerone  et al.   [11] , 
including three prospective RCTs  [93, 94, 97] , four Class 
II controlled studies  [90, 96 – 98] , and six Class III studies 
 [91, 101 – 105] . Most controlled studies compared atten-
tion training with an alternative treatment without 
including a no - treatment condition; a very important 
distinction is between studies conducted in the acute and 
post - acute stage. Cicerone  et al.   [11]  concluded that evi-
dence from two RCTs  [93, 97]  with a total of 57 subjects, 
and two controlled studies  [98, 100]  with a total of 49 
subjects, supports the effectiveness of attention training 
beyond the effects of non - specifi c cognitive stimulation 
for subjects with TBI or stroke during the post - acute 
phase of recovery and rehabilitation. Cicerone  et al.   [11]  
recommended such a form of intervention as a practice 
guideline for these individuals. Interventions should 
include not only training with different stimulus modali-
ties and complexity, but also therapist activities such as 
monitoring subjects ’  performance, providing feedback, 
and teaching strategies. Attention training appears to be 
more effective when directed at improving the subject ’ s 
performance on more complex, functional tasks. 
However, the effects of treatment may be relatively small 
or task - specifi c, and an additional need exists to examine 
the impact of attention treatment on activities of daily 
living (ADLs) or functional outcomes. 

 Cicerone  et al.   [12]  updated their previous evidence -
 based recommendations of the Brain Injury Interdisci-
plinary Special Interest Group of the American Congress 
of Rehabilitation Medicine for cognitive rehabilitation of 
people with TBI and stroke, based on a systematic review 
of the literature from 1998 through 2002 . They identifi ed 
fi ve further studies on rehabilitation of attention defi cits 
after TBI. Two were Class I prospective randomized 
studies  [106, 107]  comparing attention treatment with 
alternative treatments; one was a Class II study  [108]  that 
compared attention treatment with no treatment; and 
two were Class III studies  [109, 110] . Sohlberg  et al.   [106]  
used a crossover design to compare the effectiveness of 
 ‘ attention process training ’  (APT) brain injury education 
and support for 14 patients with acquired brain injury. 
Self - reported changes in attention and memory func-
tioning, as well as an improvement on neuropsychologi-
cal measures of attention - executive functioning, were 
greater after APT than after therapeutic support. The 
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improvement on two measures of attention (although 
when premorbid intelligence score and time since injury 
were added as covariates, the treatment effect was no 
longer signifi cant); at 6 - month follow - up, the treatment 
group showed continued improvement and superior per-
formance compared with the control group on tests 
involving auditory – verbal working memory. The authors 
suggested that the improvement, continuing over the 
follow - up period, was consistent with a strategy training 
model as it becomes increasingly automated and inte-
grated into a wider range of behaviours  [99] . In the 
second post - acute Class I study  [93] , community - 
dwelling patients with moderate to severe brain injury 
were screened for orientation, vision, aphasia, and psy-
chiatric illness. The experimental attention training 
group improved signifi cantly more than the alternative 
(memory) treatment group on four attention measures 
administered throughout the treatment period, although 
the effects did not generalize to the second set of neuro-
psychological measures. 

 Sohlberg and Mateer  [100]  employed a Class II multi-
ple - baseline design with four patients to evaluate the 
effectiveness of a specifi c, hierarchical attention training 
programme. All subjects showed gain on a single atten-
tion outcome measure administered after the start of 
attention training but not after training on visuospatial 
processing; this improvement also generalized to cogni-
tive and everyday problems. Strache  [98]  conducted a 
prospective Class II study on patients with mixed trauma 
and vascular aetiologies, and compared two closely 
related interventions for concentration with subjects in 
an untreated control group receiving general rehabilita-
tion. After 20 treatment sessions, both attention treat-
ments resulted in signifi cant improvement on attention 
measures in respect of control subjects, with some 
generalization to memory and intelligence measures. 
Rath  et al.   [114] , in three interrelated Class II controlled 
studies, examined the construct of problem - solving as it 
relates to the assessment of defi cits in higher level outpa-
tients with traumatic brain damage. The difference 
between the groups were signifi cant fi rst for timed atten-
tion tasks, then for psychosocial and problem - solving 
self - report inventories, then for patients ’  self - report 
problem - solving, and also in self - report inventory. It 
means that it is necessary to have many different 
approaches to the construct of problem - solving (multi-
dimensional approach) to obtain good rehabilitation. 

in the anterior cingulate gyrus and temporo - occipital 
regions compared with the healthy subjects  [112] . Spon-
taneous blinking is considered to be infl uenced by basic 
cognitive processes, among them vigilance and attention. 
Therefore, from a methodological point of view, the 
monitoring of spontaneous blinking in chronic patients 
affected by various degrees of consciousness defi cit after 
TBI and stroke has been shown to be useful to defi ne the 
outcome of the syndrome  [113] . 

  Acute  s tudies 
 One Class I and two Class II studies evaluated the effec-
tiveness of attention treatment during the acute period 
of rehabilitation. The Class I study of Novack  [94]  com-
pared the effectiveness of focused treatment consisting of 
sequential, hierarchical interventions directed at specifi c 
attention mechanisms versus unstructured intervention 
consisting of non - sequential, non - hierarchical activities 
requiring memory or reasoning skills. Both groups 
improved, but there were no intergroup differences: the 
observed improvements are probably due to spontane-
ous recovery. One Class II study  [92]  used a multiple 
baseline design across subjects and evaluated a pro-
gramme for the remediation of processing speed defi cits 
in 10 patients with severe TBI (6 – 34 weeks post - injury). 
The authors reported no benefi t or generalization of 
effects of attention training; however, improvement did 
occur in some patients when practice on attention train-
ing tasks was combined with therapist feedback and 
praise. In the other Class II study  [99] , 35 subjects with 
lateralized stroke showed benefi cial effects of attention 
training on fi ve of 14 outcome measures, especially on 
measures of perceptual speed and selective attention in 
left hemisphere lesions. 

 Cicerone  et al.   [12] , updating their previous review 
 [11] , stated that there was insuffi cient evidence to support 
the use of specifi c interventions for attention defi cits 
during acute rehabilitation.  

  Post -  a cute  s tudies 
 Two Class I and two Class II studies assessed the atten-
tion treatment effectiveness during the post - acute period 
of rehabilitation. Gray  et al.   [97]  treated 31 patients with 
attention dysfunction, randomly assigned to receive 
either computerized attention retraining or an equivalent 
amount of recreational computer use. Immediately after 
training, the experimental group showed marked 
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effectively decreased the attention lapses that the subject 
experienced when reading novels and texts. 

 Rohling  et al.   [117]  recently provided a meta - analysis 
of cognitive rehabilitation literature that was originally 
reviewed by Cicerone  et al.   [11, 12]  for the purpose of 
providing evidence - based practice guidelines for TBI 
patients. The meta - analysis revealed suffi cient evidence 
for the effectiveness of attention training after TBI.     

Several attempts were made to establish the differential 
role for effectiveness of training of specifi c components 
of attention. Rios  et al.   [115]  in a Class II controlled study 
on TBI consider attention as a basic cognitive function, 
a prerequisite for other cognitive processes. It is divided 
into four different subprocesses  –  cognitive fl exibility, 
speed of processing, interference, and working memory 
 –  which must be taken into consideration. The results of 
the work support the view that these different subpro-
cesses of attentional control can be differentiated between 
high and low level processes and may have implications 
for neuropsychological assessment and rehabilitation. 

 Cicerone  et al.   [12]  reported evidence from two Class 
I studies  [106, 107]  with 36 subjects that supports the 
effectiveness of attention training for subjects with TBI 
during the post - acute period of rehabilitation. Consider-
ing such evidence, along with Cicerone  et al.  ’ s previous 
recommendation based on two Class I studies with 57 
subjects  [11] , strategy training for attention defi cits 
exhibited by subjects with TBI has been recommended 
as a practice standard during the post - acute period of 
rehabilitation  [12] . Results of studies in this area suggest 
greater benefi ts on complex tasks requiring the regula-
tion of attention, rather than on basic aspects of attention 
(e.g. reaction time, vigilance). These fi ndings are consis-
tent with the emphasis on strategy training to compen-
sate for attention defi cits in functional situations. 

 Pero  et al .  [116]  evaluated the effectiveness of the 
Sohlberg and Mateer ’ s APT using a comprehensive 
assessment of different attentional processes. Two TBI 
patients were given the APT in a chronic phase: both 
showed some degree of recovery, particularly in atten-
tional tasks with a selective component; lesser improve-
ment was observed in tasks related to the intensity 
dimension of attention, namely those concerning alert-
ness or vigilance. This Class IV study further supports 
selective training effects of APT on attentional defi cits of 
patients with TBI. 

 Improvements in speed of processing appear to be less 
robust than improvements in non - speeded tasks  [92, 
101, 105] . Moreover, several studies also suggest greater 
benefi ts of attention training on more complex tasks 
requiring selective or divided attention than on basic 
tasks of reaction time or vigilance  [97, 99, 105] . Wilson 
and Robertson  [104] , implementing a series of indi-
vidualized interventions intended to facilitate voluntary 
control over attention during functional activities, 

 Recommendations 
    During the acute period of recovery and inpatient 
rehabilitation, evidence is insuffi cient to distinguish the 
effects of specifi c attention training from spontaneous 
recovery or more general cognitive interventions for patients 
with moderate to severe TBI and stroke. Therefore, specifi c 
interventions for attention during the period of acute 
recovery are not recommended. On the other hand, the 
availability of Class I evidence for attention training in the 
post - acute phase after TBI is compatible with a Level A 
recommendation. Moreover, the available evidence suggests 
that cognitive rehabilitation has differential effects on 
various components of attention; therefore, more research is 
needed to clarify the differential effects of interventions, and 
new methodologies are required for the assessment of 
related neural processes.  

  Rehabilitation of  m emory 
 Memory impairment is a well - documented sequel fol-
lowing TBI. Nearly a fourth (25%) of those who have 
sustained TBI suffer from memory problems, and more 
than a third of patients who have suffered a stroke show 
cognitive impairments in one or more cognitive domains 
such as attention, memory, orientation, language, and 
executive functions. Generally, approaches to memory 
rehabilitation are either oriented towards restoring or 
optimizing damaged or residual functions, or focus on 
compensating for lost or defi cient functions. Within 
these approaches, training techniques are oriented 
towards alleviating memory problems such as diffi culties 
of learning and retrieval, or everyday functioning. Others 
focus on training specifi c contents such as orientation, 
dates, names, faces, routines, or appointments. Still 
others target specifi c memory systems such as working, 
episodic, declarative, or prospective memory, or modal-
ity - specifi c impairments such as visual or verbal prob-
lems. As cognitive domains frequently overlap, general 
cognitive training has also been attempted in order to 
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niques (such as trial and error) in people with memory 
impairments. TBI and stroke patients benefi ted most 
when learning without errors was encouraged  [132 – 134] . 
Findings indicated that any benefi t of errorless learning 
may depend on the type of task used, the way in which 
memory is tested, and the severity of the memory impair-
ment. Furthermore, pre - exposure to the target stimuli 
seemed to enhance the benefi t of errorless learning  [135 –
 137] . Findings of a more recent Class II study also 
emphasized the dependency of the learning technique on 
the nature of the task. Mount and colleagues  [138]  inves-
tigated the effectiveness of errorless learning and trial and 
error learning for teaching ADLs during acute stroke 
rehabilitation in 33 patients with different levels of 
memory impairment. They did not fi nd a difference 
between the two learning techniques when used to 
acquire two specifi c ADL skills (use of wheelchair and use 
of donning - sock). Only one of the techniques  –  the trial 
and error approach but not the errorless learning method 
 –  led to a carry - over effect of learning in one type of ADL 
task (the sock - donning task). It was also found that 
explicit memory impairment did not affect the effective-
ness of either learning method. It is noteworthy that this 
study showed the effectiveness of the learning techniques 
in a natural instead of a  ‘ laboratory ’  setting. 

 Another technique of learning and retaining informa-
tion is based on a spacing effect that has been shown to 
improve learning and memory performance when infor-
mation is distributed over time. Two Class III studies 
reported improved recall and recognition performance 
and learning of new information in TBI patients with 
different severity statuses when the material was pre-
sented in repeated trials distributed over time  [139, 140] . 
Comparing spaced retrieval training with didactic strat-
egy instructions (both over the telephone) in 38 severely 
impaired TBI patients, Bourgeois  et al .  [141]  found that 
both techniques reduced memory problems but that the 
spaced retrieval technique was more effective (Class II 
study). However, these effects did not have an impact on 
quality of life measures. 

 The use of visual imagery to enhance memory perfor-
mance has been reported by Kaschel  et al .  [142] . This 
Class III study compared nine target group patients with 
12 control group patients of mixed aetiologies and in 
rehabilitation centres across different countries. The 
target group received imagery - based training, while the 
control group was trained with the standard programme 

enhance various cognitive functions, including memory. 
The training techniques that have been investigated 
systematically include practice and rehearsal, domain -
 specifi c learning, mnemonics, and other strategies as well 
as the use of external memory aids and environmental 
supports. Whatever the technique used, the main ques-
tion is how effective and long - lasting it is. 

 The current report on memory rehabilitation updates 
our previous reviews  [118] , literature from 2005 to 
January 2009, and considers various review or summary 
papers  [12, 119 – 122] . Although we will not review phar-
macological treatment, we would like to point the reader 
to some valuable reviews of the effects of pharmacologi-
cal treatment in TBI  [121, 123 – 126] . 

  Studies  t argetting  i ntervention  s trategies 
 w ithout the  u se of  e xternal  m emory  a ids 
 Early studies on the general use of compensatory memory 
strategies previously reported on showed partially con-
tradictory fi ndings, and it was diffi cult to draw a clear 
conclusion (for details, see  [118] . For example, Doorn-
hein and de Haan  [127]  did not fi nd positive effects on 
memory impairment in stroke patients using compensa-
tory strategies, whereas Berg  et al .  [128]  reported positive 
effects, and Ryan and Ruff  [129]  found a training effect 
only for mild memory impairment. Later studies include 
a case report on three patients with TBI that found 
improved prospective memory and diary use using self -
 awareness and compensatory strategy training ( [130] ; 
Class IV study). A Class II study compared a control 
group receiving low - dose memory training with two 
high - frequency training groups that included process -
 oriented memory training and compensatory strategy 
training  [131] . The study investigated 62 patients of 
mixed aetiologies with mild to moderate memory disor-
ders; no conclusions can thus be drawn for specifi c 
pathologies or disease severity. The frequency or inten-
sity with which a group was trained affected the degree 
to which verbal memory performance improved. Com-
pared with strategy training, process - oriented memory 
training improved verbal memory performance and 
decreased the forgetting rate in the intensive memory 
trainings groups. 

 A series of Class III studies and a Class IV study target-
ting more specifi c memory strategies reported an advan-
tage of errorless learning techniques (in which people 
are prevented from making errors) over errorful tech-
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 While the studies previously discussed generally 
focused on using some type of memory training to 
improve learning and specifi c aspects of memory, there 
are also studies that address a broader range of cognitive 
functions, motivated by the fact that patients with TBI 
often show impairments of several functional systems 
(such as attention, memory, executive functions, etc.) 
and the mounting problems to provide resources to treat 
all patients individually, Thickpenny - Davis and Barker -
 Collo  [147]  investigated the impact of eight learning 
modules (60 - min sessions twice a week over 4 weeks) in 
a structured group format memory rehabilitation pro-
gramme (Class III). The learning module consisted of 
didactic teaching about memory and memory strategies, 
small group activities, discussions, problem - solving, and 
practice implementing memory strategies. Ten patients 
with moderate to severe TBI and two stroke patients were 
divided into a waiting group and a memory group. 
Patients in the memory group showed an increased use 
of memory aids and strategies, an improved knowledge 
about memory and memory strategies, reduced self - rated 
behaviors indicative of memory impairment, and an 
improvement on neuropsychological assessment of 
memory. The improvements were maintained at 1 - month 
follow - up assessment. 

 Another study aimed at improving planning skills in 
patients with TBI through a self - instructional technique 
involving self - cueing to recall specifi c autobiographical 
experiences  [148] ; Class II study). Thirty patients with 
severe TBI were randomly allocated to an (active) control 
group and a training group. While the control group was 
engaged in conversation, the experimental group under-
went training in a procedure aimed at prompting auto-
biographical memory to support planning skills. 
Compared with the control group, the training group 
improved their planning skills, although the effect size 
indicated only a modest intervention effect. In addition, 
the authors found an effective increase in the number of 
specifi c memories recalled. 

 A Class I study evaluated the effect of everyday music 
listening on the recovery of cognitive functions and mood 
in 54 stroke patients at baseline and 3 and 6 months after 
the stroke  [149] . Compared with a group listening to a 
non - music audio book or a group without listening mate-
rial, patients who listened to their favourite music showed 
a greater improvement in focused attention and verbal 
memory, and were in a less depressed and confused mood. 

in their respective rehabilitation centre. Positive effects 
of visual imagery training on memory functioning were 
reported at post - training and were maintained at the 
3 - month follow - up assessment. 

 In healthy people, memory performance is improved 
if items to be learned are self - generated. Two studies 
investigated the effi cacy of self - generation in patients 
with TBI. Comparing 18 moderate to severe TBI patients 
with 18 healthy controls, Lengenfelder  et al .  [143]  showed 
that self - generation of verbal material improved both 
subsequent recall and recognition compared with words 
that were provided to the subjects (Class III study). 
Another Class II study compared self - generation of 
verbal material with didactic presentation of material 
in two groups of 20 patients with TBI. The authors 
reported improvements in recognition memory but 
not in free recall  [144] . Furthermore, self - generation 
procedures only improved recall performance when the 
newly learned material was supplemented with specifi c 
reminder cues. 

 A Class IV study has focused on a specifi c sequel fre-
quently observed in patients with TBI  –  associating faces 
with names in a real - world context  [145] . Five single 
cases with severe TBI were fi rst trained with a traditional 
training programme (using name restating, phonemic 
cuing and visual imagery) followed by real - world train-
ing (actual, to - be - named people). Four of the fi ve 
patients showed an improved recall of names, especially 
in real - world contexts, regardless of the type of cuing 
strategy. Unfortunately, the fi ndings of this study are 
diffi cult to interpret as the effects of the traditional train-
ing and real - world training cannot be teased apart. It is 
also not clear whether any of the patients had visual or 
gnostic diffi culties, which are frequently observed after 
TBI. 

 A Class III study investigated the effects of intense, 
adaptive working memory training in stroke patients. 
Fifteen patients who had had a mild to severe stroke (age 
34 – 65 years, seen 12 – 36 months after the event) were 
divided into a treatment and a passive control group 
 [146] . The treatment group was trained with a battery of 
visuospatial and auditory working memory tasks at home 
on a computer for 40 min daily for 5 days over 5 weeks. 
Eight neuropsychological tests served as baseline and 
outcome measures. Working memory and attention 
improved in the training but not the passive stroke 
group. 
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a wide range of possibilities to incorporate these tech-
nologies into memory rehabilitation (for a review on 
assistive technology for cognition devices, see  [156] . 

 Two Class III studies  [157, 158]  and some Class IV 
studies  [159, 160]  showed improved memory perfor-
mance in patients with TBI after using computer - based 
memory training software. A comparison of computer -
 assisted memory training with a therapist memory train-
ing group and a control group without memory training 
in 37 patients with TBI showed that memory training was 
superior to no training but there was no difference in 
memory improvement between the computer and thera-
pist training group  [161] . Interpretation of this study is, 
however, diffi cult as the level of TBI severity is not clear, 
the group being very heterogeneous in terms of age and 
time post - surgery, and there also seem to be discrepan-
cies in the reported results in the text and tables. Although 
there is (Level C) evidence that computer - based memory 
training is possibly effective, there is currently not 
suffi cient evidence showing its superiority over non -
 computer - assisted training. 

 Besides computers, portable paging systems have been 
used to enhance memory performance. A randomized 
crossover - designed study  [162]  (Class III) showed the 
effectiveness of a portable externally programmed paging 
system (NeuroPage) in a large number of patients who 
were memory -  and executive function - impaired as a 
result of TBI, stroke, and other aetiologies. Two studies 
followed using the same patient pool but separated out 
different aetiologies and controlled for demographic 
variables, thus upgrading the quality of the studies to 
Class II  [163, 164] . Reporting on 36 patients with stroke 
 [163]  and 63 with TBI  [164] , it was shown that the paging 
system was effective in compensating for everyday 
memory and planning problems in the two patient 
groups. Comparing the stroke group with the TBI group 
at follow - up (cessation of pager use), it was found that 
the stroke group ’ s benefi t had returned to baseline while 
the TBI group continued to profi t from the system  [163] . 
The authors suggested that this decline may have been 
due to poorer executive functions in the stroke group. 

 Another electronic memory aid device is the portable 
voice organizer. This device can be trained to recognize 
a patient ’ s individual speech patterns, store messages dic-
tated by the user, and replay messages at prespecifi ed 
time periods. It was shown that such a system facilitated 
the free and cued recall of therapy goals and plans in a 

 In summary, there is some evidence that the frequency 
with which memory training is applied plays a role 
in having an effect on mild to moderate memory 
impairment. A process - oriented training approach is 
effective and improves verbal and prospective memory. 
It is, however, not clear whether patients who have had 
a TBI or stroke profi t to the same degree from such 
training. Within the framework of specifi c training 
techniques, errorless learning is probably an effective 
intervention (Level B) in TBI and stroke patients. The 
effectiveness, however, depends on the nature of the task 
to be learned and the type of memory impairment. 
Exploiting the spacing effect to improve learning and 
memory performance is another probably effective inter-
vention (Level B) in TBI patients, although other tech-
niques, such as training visual - imagery strategies in 
patients of mixed aetiology, training working memory in 
stroke patients, using a wide variety of intervention mate-
rial in structured group intervention, and training auto-
biographical memory, have shown benefi cial effects. For 
these individual approaches, more evidence is, however, 
needed for a clear recommendation. Other approaches 
going beyond the mere training of memory functions 
have also shown benefi cial effects on memory as well as 
on other cognitive functions. Regularly listening to music 
during the early recovery phase of stroke patients is an 
effective intervention technique (Level A) that improves 
attention and verbal memory. There is also evidence that 
training memory through self - instructional recall tech-
niques affects not only memory, but also planning skills, 
and is evaluated as probably effective (Level B).  

  Studies  t argeting  i ntervention  t echniques  u sing 
 n on -  e lectronic  e xternal  m emory  a ids 
 Keeping external aids such as a notebook or a diary is a 
common way to improve memory performance. Two 
Class III studies and a series of single - case Class IV 
studies support the use of external non - electronic 
memory aids such as a notebook or diary as a possibly 
effective (Level C) intervention  [101, 150 – 155] . There is 
some indication that a combined treatment using an 
external memory aid (diary) with internal strategy train-
ing increases effi cacy. 

  The  u se of  a ssistive  e lectronic  t echnologies 
 The increasing availability of computers, the Internet, 
wireless connections, and other electronic devices opens 



CHAPTER 40  Cognitive rehabilitation 555

devices (PDAs, mobile phones) still needs more empiri-
cal support. 

 The usefulness of a virtual environment for specifi c 
memory or learning skills has been investigated in two 
Class III studies  [170, 171] ; for a review of the use and 
possibilities of virtual reality in memory rehabilitation, 
see  [172] . As reported previously, the studies indicated 
that patients with stroke or TBI could improve on spatial 
memory performance or verbal and visual learning in 
virtual environments, and memory training in virtual 
environments was rated as possibly effective (Level C 
evidence) (for details, see  [118] ). There are currently no 
newer controlled studies available that would update the 
previous fi ndings.      

controlled within - subject design study with TBI patients 
 [165]  (Class III study). The effi cacy of the voice organizer 
has also been demonstrated in a Class IV study with 
patients of different aetiologies, including TBI  [166] . 

 Several single - case studies with TBI patients (Class IV) 
using personal digital assistants (PDAs) with data trans-
mission via the mobile phone network  [167] , an alpha-
numeric paging system  [168] , and mobile phones that 
can be programmed to remind individuals to perform 
tasks at specifi c times  [169]  have shown mixed results 
concerning the successful use of these system. 

 In summary, portable paging systems are probably 
effective (Level B) systems to enhance memory perfor-
mance, while the effectiveness of other electronic memory 

 Recommendations 
    Memory strategy training is one of the most common 
intervention techniques, and has been evaluated as effective for 
subjects with mild memory impairments after TBI or stroke by 
Cicerone and colleagues  [12] . Comper and colleagues  [119]  
arrive at a different conclusion. Reviewing the effi cacy of 
cognitive training for patients with mild TBI, they concluded 
that there is very little evidence suggesting that cognitive 
rehabilitation therapy is effective in treating individuals with 
mild TBI. The differences in evaluation may be due to the 
heterogeneity of the patients and the types of cognitive 
function investigated. Besides severity of the TBI, other factors 
to consider are the frequency of training and the specifi c 
strategic approach applied. Errorless learning, spaced recall 
techniques, self - instructional recall techniques, and process -
 oriented training are supported by Level B evidence and are 
thus recommended as probably effective. Other techniques, 
such as training visual - imagery strategies in patients of mixed 
aetiology, training working memory in stroke patients, using 
structured group intervention with a wide variety of 
intervention material, and training autobiographical memory, 
have also shown positive effects. However, more supportive 
evidence for these individual techniques is needed before clear 
recommendations can be made. The use of non - electronic 
external memory aids such as a notebook or diary has shown a 
benefi t and is evaluated as possibly effective (Level C). 

 A non - specifi c intervention approach to improve cognitive 
abilities after stroke has shown advantages in the cognitive as 
well as emotional domain. Regularly listening to music during 
the early recovery phase of stroke patients has shown 
effectiveness in improving attention and verbal memory (Level 
A evidence). 

 Computer - assisted memory training is also possibly effective, 
although there is currently insuffi cient evidence to judge 

whether it is superior to non - computer - assisted training. 
Generally, the use of electronic external memory devices such 
as paging systems and portable voice systems is recommended 
as possibly effective (Level B evidence) in patients after stroke 
and TBI. Still more empirical support is, however, needed on 
the specifi c use of PDAs or mobile phones with reminder 
functions to arrive at evidence - based recommendation. 

 Memory training in virtual environments has shown positive 
effects on verbal, visual, and spatial learning in patients with 
stroke and TBI, and is rated as possibly effective (Level C 
evidence). A direct comparison of performing learning and 
memory training in virtual environments versus non - virtual 
environments is still lacking, and no recommendation can be 
made on the specifi city of the technique. 

 More stringently controlled studies have appeared in recent 
years and thus facilitated evidence - based recommendations. 
There is, however, still a need to tease apart the effects that 
cognitive training has on specifi c aetiologies, the role that the 
severity of the impairment plays within these aetiologies, the 
lasting effect of the training and its ecological validity, and the 
effect of other non - memory - oriented intervention on memory 
functions (for a discussion, see  [121] ). It is conceivable that the 
type and intensity of training has different effects depending 
on the neural circuits damaged, the functional impairment 
profi le, the age and gender of the patient, the time that has 
passed since injury, the education level of the patient, and 
other external factors (such as social and vocational situation). It 
would also be important to know whether a combination of 
interventions (including pharmacological therapy) is benefi cial, 
and if so what the best combination would be. The number of 
variables involved makes generalization across individuals 
diffi cult and favours training programmes tailored to the 
individual circumstances.  
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 There are two recent RCTs on the rehabilitation of 
apraxia. As the study by Edmans  et al.   [179]  was on the 
treatment of perceptual problems, it will not be discussed 
here. Smania  et al.   [180]  assessed in an RCT the effective-
ness of a rehabilitative training programme for patients 
with limb apraxia. Thirteen patients with acquired brain 
injury and limb apraxia (lasting more than 2 months) as 
a result of lesions in the left cerebral hemisphere partici-
pated in the study. The study group underwent an exper-
imental training for limb apraxia consisting of a 
behavioural training programme with gesture - produc-
tion exercises. The control group received conventional 
treatment for aphasia. Assessments involved neuropsy-
chological tests of aphasia, verbal comprehension, general 
intelligence, oral apraxia, and constructional apraxia, and 
three tests concerning limb praxic function (ideational 
and ideomotor apraxia and gesture recognition). Every-
day activities related to each test were used to measure 
the outcome. The patients in the study group achieved a 
signifi cant improvement of performance in both the ide-
ational and ideomotor apraxia tests. They also showed a 
signifi cant reduction of errors in ideational and ideomo-
tor apraxia tests. The change in performance was not 
signifi cant for the control group. The results show the 
possible effectiveness of a specifi c training programme 
for the treatment of limb apraxia. 

 Donkervoort  et al.   [181]  determined in a controlled 
study the effi cacy of strategy training in left hemisphere 
stroke patients with apraxia. A total of 113 patients who 
had suffered a stroke in the left hemisphere stroke and 
had apraxia were randomly assigned to two treatment 
groups: (1) strategy training integrated into the usual 
occupational therapy; and (2) usual occupational therapy 
only. The primary outcome measure was a standardized 
ADL observation by a blinded research assistant. Addi-
tional ADL measures were used as secondary outcome 
measures (Barthel ADL index, ADL judgement by occu-
pational therapists and by patients). After 8 weeks of 
treatment, patients who received strategy training 
( n         43) improved signifi cantly more than patients in the 
usual treatment group ( n         39) on the ADL observations. 
This refl ects a small to medium effect (effect size 0.37) of 
strategy training on ADL functioning. With respect to the 
secondary outcome measures, a medium effect (effect 
size 0.47) was found on the Barthel ADL index. No ben-
efi cial effects of strategy training were found after 5 
months (at follow - up). 

  Rehabilitation of  a praxia 
 Although the incidence of apraxia after acquired brain 
damage is considerable, the literature on recovery and 
treatment is minimal. Several reasons for this lack of 
evidence can be identifi ed  [173] . First, patients with 
apraxia often seem to be unaware of their defi cit and 
rarely complain; second, many researchers believe that 
recovery from apraxia is spontaneous and treatment is 
not necessary; third, some authors believe that apraxia 
only occurs when performance is requested of patients in 
testing situations, and that correct behaviour is displayed 
in natural settings. By now, however, there is agreement 
that apraxia hinders independence in ADLs. Goldenberg 
 et al.   [174]  assessed complex ADLs in patients with 
apraxia and controls. They found that apraxic patients 
had more diffi culties than patients with left brain damage 
without apraxia and healthy controls. In two other 
studies, comparable results were found: Hanna - Paddy 
 et al.   [175]  found a signifi cant relationship between 
severity of apraxia and dependency in physical function-
ing; Walker  et al.   [176]  studied the impact of cognitive 
impairments on upper body dressing diffi culties after 
stroke using video analysis  –  those patients who failed 
shirt - dressing showed neglect and apraxia at follow - up. 
Recently, the impact of apraxia on the dependence of 
patients with stroke in their ADLs has again been con-
fi rmed  [177] . These results suggest that treatment of 
apraxia should be part of the overall neurorehabilitation 
programme after brain damage. 

 Recently, a Cochrane Review has been published that 
has determined which therapeutic interventions are 
effective for targetting disabilities due to motor apraxia 
following stroke  [178] . The literature search was carried 
out up to November 2006 and revealed only three trials 
including a total of 132 participants  [179 – 181] . The 
authors of the review conclude, on the basis of these three 
trials, that there is insuffi cient evidence to support or 
refute the effectiveness of specifi c interventions for motor 
apraxia following stroke. However, since there are more 
therapy studies conducted than the strict methodology of 
the Cochrane Collaboration for RCTs allows, a broader 
set of studies examining the effectiveness of treating 
apraxia will be reviewed in this brief summary. The 
studies are labelled either observational or experimental, 
and the quality of the studies is described. The reader is 
also referred to Buxbaum  et al .  [182]  for a review on the 
treatment of limb apraxia. 
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patients were re - examined after 6 months: only those 
patients who kept practising the activities in their daily 
life still showed the positive results of the training. 

 Van Heugten  et al.   [187]  performed a study evaluating 
a therapy programme for teaching patients strategies to 
compensate for the presence of apraxia. The outcome 
was studied in a pre/post test design; measurements were 
conducted at baseline and after 12 weeks of therapy. 
Thirty - three stroke patients with apraxia were treated in 
occupational therapy departments in general hospitals, 
rehabilitation centres, and nursing homes. The patients 
showed considerable improvement in ADL functioning 
on all measures and slight improvements on the apraxia 
test and motor functioning test. The effect sizes for the 
disabilities, ranging from 0.92 to 1.06, were large com-
pared with the effect sizes for apraxia (0.34) and motor 
functioning (0.19). The signifi cant effect of treatment is 
also seen when individual improvement and subjective 
improvement are considered. These results suggest that 
the programme seems to be successful in teaching 
patients compensatory strategies that enable them to 
function more independently, despite the lasting pres-
ence of apraxia. 

 Poole  [188]  published a study examining the ability of 
participants with a left hemisphere stroke to learn one -
 handed shoe   - tying. Participants with a left hemisphere 
stroke with and without apraxia and control participants 
were taught how to tie their shoelaces with one hand. 
Retention was assessed after a 5 - min interval during 
which participants performed other tasks. All groups dif-
fered signifi cantly with regard to the number of trials to 
learn the task. However, on the retention task, the control 
adults and the stroke patients without apraxia required a 
similar numbers of trial, whereas the participants with 
apraxia required signifi cantly more trials than the other 
two groups. All groups required fewer trials on the reten-
tion task than on the learning task. 

 Further evidence is provided by single - case studies. 
Wilson  [189]  studied a female adolescent with extensive 
damage to her brain following an anaesthetic accident. 
One of the most disabling consequences of the damage 
was apraxia, which made her almost completely depen-
dent in daily life. Wilson concluded that the step - by - step 
programme was successful in teaching the patient some 
tasks, but generalization to new tasks was not found at 
follow - up. Maher  et al.   [190]  studied the effects of treat-
ment on a 55 - year - old man with ideomotor apraxia and 

 In addition, we performed secondary analyses on the 
data of Donkervoort  et al.   [181]  to examine the transfer 
of the effects of cognitive strategy training for stroke 
patients with apraxia from trained to non - trained tasks. 
The analyses showed that, in both treatment groups, the 
scores on the ADL observations for non - trained tasks 
improved signifi cantly after 8 weeks of training com-
pared with the baseline score. Change scores of non -
 trained activities were larger in the strategy training 
group compared with the usual treatment group. These 
results suggest that transfer of training is possible, 
although further research should confi rm these explor-
atory fi ndings  [183] . Recently, we performed a study 
specifi cally aiming to measure the transfer effects of the 
cognitive strategy training for apraxia  [184] . In this 
study, we showed that patients performed trained and 
non - trained tasks at the same level of independency at 
the rehabilitation centre as well as at home, indicating a 
transfer of training effects that remained stable over time. 

 A promising approach has been brought forward by 
Sunderland  et al .  [185] . In a single - blind, ramdomized, 
multiple - baseline experiment, they showed that an eco-
logical and individualized approach for dressing behav-
iour had a signifi cant treatment effect for right hemisphere 
patients but not for left hemisphere patients; the benefi ts 
of this approach to dressing therapy are currently being 
evaluated further. 

 Several Class II studies also support the effi cacy of 
apraxia rehabilitation. Goldenberg and Hagman  [186]  
studied a group of 15 patients with apraxia who made 
fatal errors in ADLs: an error was rated as fatal if the 
patient could not proceed without help or if the error 
prohibited the patient from accomplishing the task suc-
cessfully. The study design was as follows: each week an 
ADL test was performed; between tests, the patient was 
trained in one of three activities, whereas support, but no 
therapeutic advice, was given for two other activities. 
Each week, the patient was trained in a further activity, 
while the other activities were performed in daily life. 
Thus, in the following week, training was done in the 
second activity, and in the third week the remaining 
activity was trained. In case fatal errors were still seen 
during performance, another cycle of therapy was run. 
At the end of the therapy, 10 patients could perform all 
three activities without fatal errors. Three patients made 
only one fatal error. No generalization of training effects 
was found from trained to non - trained activities. Seven 
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restricted to trained activities and to some degree to 
trained objects, the authors concluded that therapy 
should be tailored to the specifi c needs of patients and 
their family and should be linked closely to the normal 
routines of daily life. 

 Recently, a single - case study was executed in which 
repetition of a newly designed facilitation exercise was 
used in a patient with corticobasal degeneration, leading 
to a decrease of diffi culties in ADL performance  [195] .    

preserved gesture recognition. One - hour therapy ses-
sions were given daily during a 2 - week period. During 
therapy sessions, many cues were offered that were with-
drawn systematically, while feedback and correction of 
errors were given as well. The production of gestures 
improved qualitatively. Ochipa  et al.   [191]  subsequently 
developed a treatment programme aimed at specifi c 
error types. Praxis performance was studied in two stroke 
patients. It appeared that both patients achieved a con-
siderable improvement in performance, but the observed 
effects were treatment specifi c: treatment of a specifi c 
error type did not improve across untreated gestures. 
Jantra  et al.   [192]  studied a 61 - year - old man with a right -
 sided stroke followed by apraxic gait. After 3 weeks of gait 
training supplemented with visual cues, the patient 
became independent with safe ambulating. Pilgrim and 
Humphreys  [193]  presented the case of a left - handed 
head injured patient with ideomotor apraxia of his left 
upper limb. The patient ’ s performance on the 10 objects 
was measured before and after training in three different 
modalities. A mixed - design analysis of variance was 
carried out showing a positive effect of therapy but little 
carry - over to everyday life. Bulter  [194]  presents a case 
study that explores the effectiveness of tactile and kinaes-
thetic stimulation as an intervention strategy, in addition 
to visual and verbal mediation, in the rehabilitation of a 
man with ideational and ideomotor apraxia following a 
head injury. The results indicated some improvement 
after a training period and limited evidence of the effec-
tiveness of additional sensory input. 

 Goldenberg  et al.   [174]  conducted a therapy study 
with six apraxic patients in which two methods of treat-
ment were compared: direct training of the activity based 
on the guided performance of the whole activity, and 
exploration training aimed at teaching the patient the 
structure – function relationships underlying correct per-
formance but not involving actual completion of the 
activity. Exploration training had no effect on perfor-
mance, whereas direct training of the activity reduced 
errors and the need for assistance. Training effects were 
largely preserved at follow - up, but the rate of errors 
increased when the trained activities were tested with a 
partially different set of objects. Performance improved 
with repeated testing of untrained activities during initial 
baseline, but there was no reduction of errors or amount 
of assistance required for untrained activities during the 
training of other activities. As therapeutic results were 

 Recommendations 
    There is Level A evidence for the effectiveness of apraxia 
treatment with compensatory strategies. Treatment should 
focus on functional activities that are structured and 
practised using errorless learning approaches. As transfer of 
training is diffi cult to achieve, training should focus on 
specifi c activities in a specifi c context close to the patients ’  
normal routines. Recovery of apraxia should not be the goal 
for rehabilitation.  

  Rehabilitation of  a calculia 
 Acquired disorders of number processing and calculation 
(DNPC) are manifold and may occur after many types 
of brain damage. Depending on the underlying disease 
and lesion location, the frequency of calculation disor-
ders in patients with neurological disorders has been 
estimated to range between 10% and 90%  [196] . As with 
other cognitive defi cits, subsets of number and calcula-
tion knowledge may be individually affected, requiring a 
profound assessment to defi ne the profi le of impairment. 
A review summarising the remediation of DNPC has to 
account for the variety of its clinical presentations and 
underlying causes  [197] , the frequent association with 
aphasia or other cognitive impairments, and the limited 
knowledge regarding its spontaneous recovery  [198] . 

 Most research designs and statistical evaluation proce-
dures are taken from the fi eld of single - subject research 
 [199, 200] . Outcome measures typically consist of a com-
parison of an individual ’ s pre -  and post - treatment per-
formance, the decrease of error rates and response 
latencies, the confi rmation of generalization or transfer, 
and the use of prior learning in new context. The amount 
of functional disability in daily life is rarely assessed or 
estimated in this corpus of studies. As a literature search 
based on databanks was unsatisfactory, the authors 
reviewed the existing literature themselves and used a 
pre - existing overview related to the topic  [201, 202] . 
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for complex, multistep arithmetical text problems) has 
also been treated in one study  [221] . The study was rated 
as partly successful by the authors, as patients benefi ted 
from the cueing procedure, engaged and generated a 
higher number of correct solution steps, but did not 
show a prominent effect on the actual execution process.     

 Two main types of treatment rationale have been 
applied to DNPC. One, the  ‘ reconstitution ’  or  ‘ re - 
teaching ’  approach, consists of improvements to lost or 
damaged abilities by way of extensive practice and drill 
in order to improve effi ciency and speed. The other, indi-
rect approach promotes the use of  ‘ back - up ’  strategies 
based on the patient ’ s residual resources  [201] . In this 
case, the treatment would work not merely to restore the 
functionality of the impaired component, but rather to 
exploit preserved abilities to compensate for the defi cit. 
Both types of remediation employ step - by - step training 
consisting of a presentation of problems of increasing 
diffi culty, facilitation cues, and other types of assistance 
that eventually fade with progressive recovery; in all 
cases, direct feedback is provided to patients on their 
accuracy and errors. 

 Studies have been mostly  ‘ quasi - experimental ’  using a 
single - case or small - group approach guided by the prin-
ciples of cognitive neuropsychology  [203 – 206]  and sin-
gle - subject research (Class II, III, and IV evidence). 
Group studies using control groups are considered inad-
equate by most authors due to known reasons (problems 
with patient selection, group homogeneity, heterogeneity 
of subjacent defi cit and premorbid functional level). The 
group study of Gauggell and Billino  [207]  deals with the 
effects of motivation rather than of specifi c treatment. 

 Rehabilitation of DNPC may be grouped into several 
areas of intervention  [208] . Rehabilitation of  transcoding 
ability  (the ability to translate numerical stimuli between 
different formats) has been successfully performed in 
several studies  [209 – 213] , mostly by re - teaching the 
patient the required set of rules. Impairments of  arith-
metical facts  (simple multiplication, addition, subtrac-
tion, or division solved directly from memory) were the 
target of several rehabilitation studies  [208, 214 – 220] . In 
all studies, extensive practice with the defective domain 
of knowledge, i.e. multiplication tables, determined sig-
nifi cant improvement. A positive outcome was also 
reached by a rehabilitation programme based on the stra-
tegic use of the patient ’ s residual knowledge of arithmetic 
 [215] . This specifi c case suggests that the integration of 
declarative, procedural, and conceptual knowledge criti-
cally mediates the reacquisition process. Miceli and 
Capasso  [214]  have successfully rehabilitated a patient 
with defi cient  arithmetical procedures  (the knowledge 
required to solve multidigit calculations). Defi cient  arith-
metical problem - solving  (the ability to provide a solution 

 Recommendations 
    Overall, the available evidence suggests that rehabilitation 
procedures used to treat selected variants of DNPC have 
been successful (Level C). Notably, signifi cant improvements 
were observed even in severely impaired and chronic 
patients. Several caveats, however, need to be mentioned in 
this context. At present, little is known about the prognosis 
and spontaneous recovery of DNPC; thus, the effects of 
different interventions in the early stages of numerical 
disorders may be diffi cult to evaluate. Moreover, different 
underlying neurological disorders (e.g. stroke, dementia, 
trauma) have only partly been compared in terms of their 
specifi c effects on DNPC. Furthermore, it has not been 
studied in detail how impairments of attention or executive 
functions infl uence the rehabilitation process of DNPC.  

  General  r ecommendations 

 In our opinion, there is enough overall evidence to award 
a grade A, B, or C recommendation to some forms of 
cognitive rehabilitation in patients with neuropsycho-
logical defi cits in the post - acute stage after a focal brain 
lesion (stroke, TBI). This general conclusion is based on 
a limited number of RCTs, and is supported by a consid-
erable amount of evidence coming from Class II, III, and 
IV studies. In particular, the use of a rigorous single - case 
methodology has been considered by the present review-
ers as a source of acceptable evidence in this specifi c fi eld, 
in which the application of the RCT methodology is dif-
fi cult for a number of reasons, related to the lack of 
consensus on the target of treatment, the methodology 
of the intervention, and the assessment of the outcomes. 
Similar conclusions were reached on the basis of a meta -
 analysis of effect sizes reported by Rohling  et al .  [117] .  

  Future  d evelopments 

 There is clearly a need for large - scale RCTs evaluating 
well - defi ned methodologies of intervention in common 
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clinical conditions (e.g. assessment of the effi cacy of an 
intervention for ULN after right hemispheric stroke on 
long - term motor disability). The main diffi culty of this 
approach lies in the highly heterogeneous nature of cog-
nitive defi cits. For example, it is hard to believe that the 
same standardized aphasia treatment may be effective for 
a patient with a fl uent neologistic jargon and another 
with agrammatic nonfl uent production. Research in neu-
ropsychology has focused on the assessment of specifi c, 
theoretically driven treatments in well - defi ned areas of 
impairment, usually by means of single - case methodol-
ogy (e.g. the effect of a linguistically driven intervention 
compared with simple stimulation on the ability to 
retrieve lexical items belonging to a defi ned class). To the 
present panel, both approaches represent potentially 
fruitful avenues for research in this fi eld. 

 Future studies should also aim at a better clinical and 
pathological defi nition of the patients included in the 
trials. The gross distinction between stroke and traumatic 
brain damage used in the present review is clearly insuf-
fi cient: a separation of the main categories of cerebrovas-
cular pathology and a subdivision on pathological 
grounds of the survivors of traumatic brain damage can 
be expected to improve the quality of rehabilitation 
studies.  
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nerve 87, 356
see also skin biopsy

biphasic dyskinesia 245
bisoprolol 165
black holes 41
blink refl ex 54, 95
blister technique 83, 84–5
blood–CSF barrier 6
blood glucose 124

blood pressure
ischaemic stroke 123–4
see also hypertension

body temperature 124
body weight

ischaemic stroke 115, 118
myasthenia gravis 326
post-polio syndrome 315

Borrelia burgdorferi sensu lato 11
borrelliosis 10
botulinum toxin 166, 197–8, 291
brain

atrophy 39, 42
imaging 20–3, 25–6
MS lesions 36, 37, 39
oedema 127–8

brain injury see mild traumatic brain injury; 
traumatic brain injury

brain metastases 437–42
background 437
chemotherapy 441
consensus method 438
diagnosis 438, 441–2
Karnofsky Performance Status 438
multiple metastases 441, 442
objectives 437
search strategy 437–8
single metastases 442

stereotactic radiosurgery 439–40
surgery 439
WBRT 440–1

supportive care 438–9, 442
targeted therapies 441

brainstem encephalitis 386
bright-fi eld immunohistochemistry 83, 84
bromocriptine 227
bronchial secretions, ALS 292
Brucella spp. 11

cabergoline 227
caffeine 161
calcium channel blockers 165
Campylobacter fetus 11
cancer neuropathy 404
candesartan 165, 166
candida spp. 12
cannabinoids 403
CANOMAD 355
capsaicin 184, 402
capture ELISA 66
carbamazepine 403
cardiac care 123
caregivers

ALS 289–90
Alzheimer’s 275

carnitine palmitoyltransferase II (CPT 
II) 501–4

clinical features 506
diagnosis 502–3
structural organization and mutational 

spectrum 503
tandem mass acylcarnitine spectra 504

carnitine transport defects 505, 506
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carotid artery stenosis 23, 110, 117, 120–1
carotid endarterectomy 117, 120–1
carotid surgery 117, 120–2
cartinine 505, 506
cataplexy

behavioural therapy 521
defi nition 513
non-specifi c monoamine uptake 

inhibitors 520
norepinephrine reuptake inhibitors 521
norepinephrine/serotonin reuptake 

inhibitors 521
other compounds 521
selective serotonin reuptake 

inhibitors 520–1
sodium oxybate 520

catechol-o-methyltransferase (COMT) 
inhibitors 220–1, 238

CAVATAS (Carotid and Vertebral Artery 
Transluminal Angioplasty Study) 121

cell count 6
CD4 374

central nervous system infections 11–12
immunoglobulin synthesis 8
liver transplantation 495–6
tuberculosis 376

central nervous system vasculitis 390
central neuropathic pain 401, 403
central pontine myelinolysis 493–4
central sensitization 55
central sleep apnoea–hypopnoea 

syndrome 535
central vestibular disorders

downbeat nystagmus 460, 461
periodic alternating nystagmus 461–2
seesaw nystagmus 461
upbeat nystagmus 461

cerebellar degeneration
clinical features 451
investigations 451
therapy 448, 451

cerebellar infarction 128
cerebral palsy 197
cerebral toxoplasmosis

diagnosis 374–5
treatment 375

cerebral vasculitis 485–8
clinical patterns of presentation 486
conclusions and discussion 486–7
diagnostic approach 488
methods 485
survey results 485–6
treatment regime 488

cerebral venous thrombosis 477–82
background and objectives 477–8
control of seizures 481
CT 21
elevated intracranial pressure 482
heparin therapy 478–9
MRI 22
oral anticoagulation 480–1
search strategy 478
thrombolysis 479–80

cerebrospinal fl uid analysis 5–14
Alzheimer’s disease 273–4
cytological examination 9–11
glucose concentration, serum glucose ratio 

and lactate 9
infectious CSF 11–13
infl ammatory diseases 10
neurological diseases 6
PDNs 356
protein and albumin 6–7
qualitative IgG synthesis 7–9
quality assurance 13–14
quantitative immunoglobulin synthesis 7
search strategy 5–6
viral encephalitis 388

cerebrovascular disease
imaging 19–26
liver transplantation 495
see also cerebral vasculitis; cerebral venous 

thrombosis; stroke
Cervical Dystonia Severity Scale 193
CHALICE study 210
CHARISMA (Clopidogrel for High 

Atherothrombotic Risk and Ischaemic 
Stabilization, Management and 
Avoidance) 116, 120

Cheyne–Stokes breathing syndrome 535–6
children, mild traumatic brain injury 210–11
cholinesterase inhibitors 246–7

Alzheimer’s disease 276
chronic infl ammatory demyelinating 

polyradiculoneuropathy 333–9
background 333
consensus methods 333
diagnostic criteria 334, 338

categories 339
clinical 338
electrodiagnostic 335, 336
supportive 339

investigations 334–5, 336
objectives 333
and POEMS 354
search strategy 333
treatment

corticosteroids 335–6
general treatment 337
immunosuppressive agents 336, 337
initial management 337
interferons 337
intravenous immunoglobulin 336
long-term management 337
plasma exchange 336

ciclosporin 326, 337
CIDP see chronic infl ammatory demyelinating 

polyradiculoneuropathy
cigarette smoking 114, 118
circadian rhythm disorders 531
CJD (Creutzfeldt-Jakob disease) 273–4
clinically defi nite MS 40–4
clomipramine 520
clonazepam 253
clonidine 166
clopidogrel 119–20

clozapine 246
cluster headache 179–86

attack treatment 181–3
background 179
clinical syndromes 180–1
consensus method 180
diagnostic criteria 180
episodic and chronic 180
interventional and surgical treatment 184–5
objectives 179
paroxysmal hemicrania 180–1, 182, 185
prophylactic treatment 182, 183–4
search strategy 179
SUNCT syndrome 181, 182, 185–6

CMV see cytomegalovirus
CNS see central nervous system infections; 

central nervous system vasculitis
coagulase-negative staphylococci 11
coenzyme Q10 165, 166

post-polio syndrome 313
cognitive functions, assessment 270–2
cognitive rehabilitation 545–60

acalculia 558–9
aphasia 546–7
apraxia 556–8
attention disorders 548–51
consensus method 546
future developments 559–60
general recommendations 559
ischaemic stroke 133
memory 551–5
search strategy 546
unilateral spatial neglect 547–8

complementary and alternative medicine, 
ALS 294

complex partial status epilepticus 423
complicated Parkinson’s disease see late 

Parkinson’s disease
compound muscle action potential 343, 

344–5
comprehensive stroke centres 107, 108
computed tomography

Alzheimer’s disease 273
brain metastases 438
mild traumatic brain injury 207, 208–11, 

213
non-acute headache 56
stroke 20–1, 26, 109, 110, 111
viral encephalitis 386
see also positron emission tomography; 

single photon emission computed 
tomography

computed tomography angiography 24, 25, 
110

COMT (catechol-o-methyltransferase) 
inhibitors 220–1, 238

conduction block 344, 345
congenital nystagmus 463
constipation 251
contact-heat evoked potentials 95, 96
continuous positive airway pressure 

(CPAP) 534, 535
contrast-enhanced MRA 23, 24, 110
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conventional magnetic resonance imaging
clinically defi nite MS 40–2
clinically isolated syndrome MS 36–9
multiple sclerosis 35

corneal refl ex 54
corticosteroids

autoimmune NTDs 325
CIDP 335–6
cluster headache 183
IgM PDN 357
viral meningo-encephalitis 392

Coxiella bumetti 11
coxsachie viral infection 387
CPAP (continuous positive airway 

pressure) 534, 535
CPE (cytopathic effect) assay 67, 68
CPT II see carnitine palmitoyltransferase II 

(CPT II)
cramps 293
creatine kinase 367
Creutzfeldt-Jakob disease (CJD) 273–4
cryptococcal meningitis 375
Cryptococcus neoformans 12
CSF analysis see cerebrospinal fl uid analysis
CT see computed tomography
cutaneous silent period 95
CVST see cerebral venous thrombosis
CVT see cerebral venous thrombosis
cyclophosphamide 325, 337
cytological examination, CSF 9–11
cytomegalovirus 12
cytomegalovirus encephalitis 376, 387

antiviral therapy 392
cytomegalovirus polyradiculomyelitis 376

daytime somnolence 252
decompressive surgery 128
deep brain stimulation

late Parkinson’s disease 240–1, 244, 250, 254
primary dystonia 198–9

deep vein thrombosis 129
ALS 294

dementia
HIV-associated neuropathy 377
Parkinson’s disease 245–6
see also Alzheimer’s disease

depression
ALS 294
ischaemic stroke 133
narcolepsy 523
Parkinson’s disease 247–8
see also antidepressants

desmopressin 250
desmoteplase 126
dexamethasone 438–9, 442
diabetes mellitus, ischaemic stroke 114, 118
diabetic neuropathy 86, 400, 401
diazepam 423
diclofenac 161
diet, ischaemic stroke 115, 118
diffusion tensor MRI 39, 42
diffusion-weighted imaging, stroke 21, 22, 109, 

111

digital subtraction angiography 110
cerebrovascular disease 24
non-acute headache 56

dihydroergocryptine 227
dihydroergotamine 162, 182
dihydroxyphenylserine 472
dipyridamole 119
direct ELISA 66
disease dissemination in space 36, 37, 38
disease dissemination in time 36, 37, 38
disorders of number processing and 

calculation 558–9
DN4 (Douleur Neuropathique en 4 

questions) 92
DNA analysis, LGMDs 368
domperidon 162
donepezil 276
dopa-responsive dystonia 194
dopamine agonists

early Parkinson’s disease 219, 222–5, 226
late Parkinson’s disease 239–40, 247, 251, 

253
dopaminergic drugs 249
DOPS (dihydroxyphenylserine) 472
downbeat nystagmus 460, 461
drooling 290–1
DSA see digital subtraction angiography
duloxetine 400
DWI see diffusion-weighted imaging
dysarthria 132
dyskinesias

early Parkinson’s disease 222, 224
late Parkinson’s disease 237, 238, 240, 

244–5
dysphagia 130, 250, 300
dystonia see primary dystonia; secondary 

dystonia
dystonia-plus 192, 193, 194
DYT1 dystonia 193, 195, 196, 199
DYT6 dystonia 193
DYT11 dystonia 194, 195
DYT12 dystonia 194

early Parkinson’s disease 217–29
background 217
consensus method 217–18
initial monotherapy adjustment 226–8
neuroprotection and disease 

modifi cation 218–19
neurosurgical management 225
rehabilitation 225
search strategy 217
symptomatic pharmacotherapy 219–25

early-wave contingent negative variation 59
ECASS studies 125
Echinococcus spp. 12
echocardiography 112
EDS see excessive daytime sleepiness
EEG see electroencephalography
EFNS see European Federation of Neurological 

Societies
El Escorial criteria 284, 287
electrocardiogram 112

electroencephalography
alcohol-related seizures 431
Alzheimer’s disease 273
EEG-PSG 535
non-acute headache 54, 57
viral meningo-encephalitis 386

electrolyte disturbances 432
electromyography (EMG) 531

post-polio syndrome 312
eletriptan 163, 164, 184
ELISA (enzyme-linked immunosorbent 

assay) 65, 66
embolization, stroke 24–5
emotional lability 292
encephalitis

brainstem 386
defi nition 383, 385
tick-borne 12
see also acute viral encephalitis; 

cytomegalovirus encephalitis; herpes 
simplex encephalitis; limbic 
encephalitis; viral 
meningo-encephalitis

encephalomyelitis 387, 390
encephalopathy 385, 431

see also leukoencephalopathy
end of life care 302
entacapone 220, 227, 238
enteral nutrition

ALS 300–1
stroke 130

enteroviruses 12
enzyme immunoassay tests 388
enzyme-linked immunosorbent assay 

(ELISA) 65, 66
enzymes, long-chain fatty acid oxidation 

502
epilepsy see antiepileptics; status epilepticus
episodic memory 271
EPs see evoked potentials
Epstein–Barr virus 12, 377

imaging 387
Epworth Sleepiness Scale (ESS) 252, 516
erectile dysfunction 251
ergot alkaloids 162, 166, 182
ergotamine 162, 168, 182
Escherichia coli 11, 64
etanercept 337
ETFDH gene 509
European Collaboration on Dementia 269
European Federation of Neurological 

Societies 1
cerebral vasculitis 485
classes of evidence and levels of 

recommendation 101, 102
evidence classifi cation scheme

diagnostic measure 2
recommendations rating 2
therapeutic intervention 2
recommendations rating 2

mild traumatic brain injury 207, 208, 
209

multiple sclerosis 35



Index 573

non-acute headache 59–60
Scientifi c Committee 1
small fi bre neuropathy 87

European Stroke Initiative Recommendations 
for Stroke Management 101

European Stroke Organisation 101
EVA3S trial 121
evidence classifi cation scheme 2, 102, 

384
evoked potentials

neuropathic pain 95, 96
non-acute headache 54, 58
small fi bre-related 86

excessive daytime sleepiness 530
drug treatment 536
narcolepsy 515–19

amphetamines 517–18
behavioural treatments 519
mazindol 518
modafi nil and armodafi nil 515–16, 

522
pemoline 519
selegiline 518
sodium oxybate 516–17

executive functions 271–2
Expanded Disability Status Scale 41
exteroceptive suppression abnormalities 54
extracranial-intracranial anastomosis 121
extracranial vessels, imaging 23–4, 26, 109

Face–Arm–Speech–Test 105, 106
Fahn-Marsden rating scale 192
falls 129–30
familial ALS 295
fatigue 294
fatty acid mitochondrial disorders 501–10

beta oxidation defects 505–6
carnitine transport defects 505, 506
clinical features 506
CPT II defi ciency 501–4, 506
good practice points 509–10
long-chain fatty acid oxidation 502
MCAD 506, 507–8
RR-MADD 506, 508–9
SCAD 506, 508
search strategy 501
VLCAD defi ciency 506–7

fetal mesencephalic grafts 242
fi fth percentile 85
FIRST STEP STUDY 221
FK506 (tacrolimus) 326
fl udrocortisone 249, 471
fl uid replacement therapy 123
fl unarizine 165
fl uorodeoxy-glucose-(FDG) PET 273
FN -1 64–5
folic acid 115
forced vital capacity 297
foscarnet 391
freezing, gait 245
French Spidy Study 199
frontotemporal syndrome 301
frovatriptan 163, 164

functional MRI 39
neuropathic pain 95
non-acute headache 56
primary dystonia 196

GABA receptors 421
gabapentin 165, 184, 400, 405
Gadolinium (Gd) enhancing lesions 37, 38, 

41
galantamine 276
gammahydroxybutyrate 516–17
gastric dysfunction 250
gastrointestinal motility problems 250–1
GCH1 dystonia 194
generalized convulsive status epilepticus

defi nition 422
initial treatment 422–3, 426
refractory 423–4, 426

genetic neurodegenerative disorders, sleep 
disorders 533–4

genetic testing
ALS 295–7
Alzheimer’s disease 274
primary dystonia 193–5

genetics, and neurophysiological tests 59
German Research Network on Neuropathic 

Pain 94
ginkgo 277
Glasgow Coma Score (GCS) 209, 212, 

213
global dystonia rating scale 192
globus pallidus internus stimulation 198–9
glucocorticoids 411

acute optic nephritis 414
dose and administration 412–14
MS subgroups 414–15
during pregnancy 416
side effects 514
treatment effects 412

glucose concentration, CSF 9
glucose ratio 6
glycopyrrolate 291
grey matter lesions 36
Group B streptococci 11
Guillain-Barré syndrome 334

1H-MRS 39, 43
HAART 373–4
Haemophilus infl uenzae 11
haemorrhagic stroke 19, 20, 22, 110

detection 26
see also stroke

hallucinations 246, 522
headache see cluster headache; migraine; 

non-acute headache
Heart Protection Study 114, 118
Helsingborg Declaration 103
heparin 127, 478–9
herpes simplex encephalitis 386

anti-viral therapy 391
imaging 387

herpes simplex virus 12
heterocyclics 133

histopathology, viral 
meningo-encephalitis 389–90

HIV/AIDS
HIV type 1 and 2 12
oligoclonal IgG bands 10

HIV-associated neuropathy 86, 373–8
background and objectives 373
cerebral toxoplasmosis 374–5
CMV encephalitis 376, 387
CMV polyradiculomyelitis 376
cryptococcal meningitis 375
dementia 377
drug treatment 400, 404
grading of recommendations 374
HAART 373–4
IRIS 378
myelopathy 377–8
neurological complications 373
polyneuropathy 378, 400
primary CNS lymphoma 377
progressive multifocal 

leukoencephalopathy 375–6
search strategy 374
tuberculous meningitis 376–7

Holter monitoring 112
HSE see herpes simplex encephalitis
HSV-2 infection, neonatal 387
5-HT1B/1D-agonists 162–4, 182, 184
human T-cell leukaemia virus type 1 12
hyoscine (scopolamine) 291
hyperglycaemia 124
hyperlipidaemia 114, 118
hypersomnia see excessive daytime sleepiness
hypertension

Alzheimer’s disease 275–6
antihypertensives 114, 118
ischaemic stroke 113, 118
supine hypertension 471

hypoglycaemia 124
hyponatraemia 432, 493–4
hypothalamus, stimulation 184–5
hypothermia 128

ibuprofen 161
ID-Pain 93
idiopathic dystonia see primary dystonia
IENF density see intraepidermal nerve fi bre 

density
IFN see interferon alpha; interferon beta
immune reconstitution infl ammatory 

syndrome (IRIS) 378
immunoblotting, LGMDs 368
immunocytochemistry, viral encephalitis 

390
immunofl uorescence 83, 84
immunogenicity 63–4

IFN beta products 64, 65
immunoglobulin

synthesis 7
see also intravenous immunoglobulin

immunoglobulin A
index 8
PDN 354, 358
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immunoglobulin G
index 8
multiple sclerosis 71
PDN 354, 358
synthesis 7–9

immunoglobulin M, index 8
immunoglobulin M PDN

clinical phenotype 353
electrophysiology 353, 354
treatment

corticosteroids 357
immunosuppression 357
interferon-alpha 357
IVig 357
plasma exchange 356
rituximab 357–8

immunohistochemistry
bright-fi eld 83, 84
LGMDs 367–8

immunosuppressive agents
CIDP 336, 337
IgM PDN 357
myasthenia gravis 325–6
neurotoxicity 491–2

in situ hybridization, viral encephalitis 390
incontinence 130
indomethacin 181, 185
infectious diseases

agents responsible for 11
immunoglobulin synthesis 8
infectious CSF detection 11–13
oligoclonal bands 10
polyneuropathy 6

infl uenza virus 12
infranuclear ocular disorders 464
insomnia 294, 530
intensity dependence of auditory potentials 59
interferon alpha

CIDP 337
IgM PDN 357

interferon beta 39, 41, 42, 43
CIDP 337
multiple sclerosis 63, 64, 66
see also anti-interferon antibodies

International Classifi cation of Sleep 
Disorders 530

International Headache Society
migraine classifi cation 159, 160
TAC classifi cation 179

intra-arterial recanalization 126
intra-arterial thrombolysis 126
intracerebral haemorrhage 20, 21
intracranial artery stenosis 121–2
intracranial haemorrhage 22, 56
intracranial haemotoma 207
intracranial pressure, elevated 127–8, 482
intracranial vessels, imaging 24–5, 26
intraepidermal nerve fi bre density 83, 84, 85, 

96
clinical measures 86
QST and autonomic nervous system 

testing 86–7
sensory nerve conduction studies 86

small fi bre-related evoked potentials 86
sural nerve biopsy 87

intrathecal immunoglobulin G synthesis 7–9, 
10

intrathecal immunoglobulin synthesis 7
intravenous immunoglobulin

autoimmune NTDs 323–4
CIDP 336
IgM PDN 357
MMN 346
multiple sclerosis relapses 415
post-polio syndrome 313

invasive mechanical ventilation 297, 300
IRIS (immune reconstitution infl ammatory 

syndrome) 378
Isaacs’ syndrome see peripheral nerve 

hyperexcitability
ischaemic stroke 101–35

antithrombotic therapy 114, 116–17, 
119–20

blood tests 112
cardiac evaluation 112
carotid surgery and angioplasty 117, 

120–2
complications, prevention and 

management 128–30
depression 133
EFNS classes of evidence and levels of 

recommendation 101, 102
emergency diagnostic tests 106
emergency management 106–7
general treatment 122–4
primary prevention 112–17
public awareness and education 103–4
referral and patient transfer 104–5
rehabilitation 130–3
secondary prevention 117–22
specifi c treatment 124–8
stroke service and stroke units 107–8
vascular risk factors, management 113–15, 

117–19
see also stroke

isoelectric focusing 8, 9
IVIg see intravenous immunoglobulin

Japanese encephalitis 387
JC virus 12

Karnofsky Performance Status 438
Kurtzke EDSS scores 413

lacosamide 425
lactate 6, 9
Lambert-Eaton myasthenic syndrome 327

clinical features 452
investigations 452–3
therapy 448, 453

lamotrigine 185
post-polio syndrome 313

language 272
laser-evoked potentials 95
late-onset polio symptoms see post-polio 

syndrome

late Parkinson’s disease 237–55
autonomic dysfunction 248–52
functional neurosurgery 240–2
motor complications symptomatic 

control 243–5
neuropsychiatric complications 245–8
non-pharmacological/non-surgical 

interventions 243
pharmacological interventions 237–40
sleep disorders 251–4, 532

Leeds Assessment of Neuropathic Symptoms 
and Signs 92

leptomeningeal metastases 6
Leptospira interrogans 11
leukocyte antigens 326
leukoencephalopathy, progressive 

multifocal 375–6, 387, 392
levels of recommendation 2, 102
levetiracetam 424
levodopa 194

early Parkinson’s disease 218, 221–2, 223–4, 
226, 227

late Parkinson’s disease 239, 247, 253
LGMds see limb girdle muscular dystrophies
lidocaine 182–3

postherpetic neuralgia 402
limb girdle muscular dystrophies 363–70

adjunctive aspects
cardiac management 369
genetic counselling 369–70
physical management 369
respiratory management 368–9

background 363
classifi cation

dominant LGMD 364
recessive LGMD 364

clinical assessment 364–5
clinical features

predominant 365
specifi c 365–6

consensus method 364
drug treatment 370
investigation 367–8
objectives 363
results 364
search strategy 363

limbic encephalitis 388
clinical features 447–8
investigations 449
therapy 448, 450

lipid storage myopathies see fatty acid 
mitochondrial disorders

lisinopril 165, 166
Listeria monocytogenes 11
lisuride 227
lithium 183
liver transplantation 491–6

central pontine myelinolysis 493–4
cerebrovascular disorders 495
CNS infections 495–6
grading of recommendations 491
immunosuppression neurotoxicity 491–2
neuromuscular disorders 494–5
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search strategy 491
seizures 493

long-chain fatty acid oxidation 502
lorazepam 422–3
lymphocytic chorio-meningitis 12

McDonald criteria 37, 38, 411
McGill Pain Questionnaire 92, 93
MAG (myelin-associated glycoprotein) 354
magnesium 165, 166
magnetic resonance angiography 23, 24, 25, 

110, 111
magnetic resonance imaging

Alzheimer’s disease 273
brain metastases 438
diffusion tensor and magnetization 

transfer 39, 42–3
herpes simplex encephalitis 387
migraine 160–1
multiple sclerosis 69–71
non-acute headache 56
paraneoplastic limbic encephalitis 449
primary dystonia 196
stroke 21–3, 26, 109–10
viral encephalitis 386
see also conventional magnetic resonance 

imaging; functional MRI; non-
conventional MRI

magnetization transfer MRI 39, 42–3
Maintenance of Wakefulness Test 516, 535
malignant lymphomoproliferative disease 352
malignant MCA infarction 128
malignant monoclonal gammopathies 352
malnutrition 130
manual palpation 55
MAO-B inhibitors see monoamine oxidase 

isoenzyme type B inhibitors
mazindol 518, 521
MCI see mild cognitive impairement
measles virus 12
medium-chain acyl-CoA defi ciency 

(MCAD) 506, 507–8
melatonin 184, 254
memantine 246, 277
memory functions, Alzheimer’s 270–1
memory rehabilitation 551–5

assistive electronic technologies 554–5
no external memory aids 552–4
non-electronic external memory aids 554

meningitis
acute bacterial 6, 10
cryptococcal 375
tuberculous 376–7

meningo-encephalitis see viral 
meningo-encephalitis

menstrual migraine 167
MERCI trial 126
metamizol 161
methotrexate 325, 337
methylphenidate 518
methylprednisolone

acute optic nephritis 414
dosage and administration 412–14

MS subgroups 414–15
side effects 415

methylprednisone 183
methysergide 165, 166, 183–4
metoclopramide 162
metoprolol 165
microhaemorrhages 110
microneurography 94
middle cerebral artery (MCA) sign 20, 22, 23, 

24, 109, 110
midodrine 248, 472
migraine

clinical aspects 160
diagnosis 160–1
drug treatment 159–68

analgesics 161–2
antiemetics 162
background 159
in children and adolescents 168
consensus method 159
emergency situation 167
ergot alkaloids 162
menstrual migraine 167
objectives 159
in pregnancy 167–8
prophylaxis 164–7
search strategy 159
triptans 162–4

epidemiology 160
evoked potentials 54
genetics 59
neurophysiological tests 60
pseudomigraine with pleocytosis 390–1

mild cognitive impairement 269–70, 276
mild traumatic brain injury 207–14

classifi cation 208
clinical decision rules for CT 208–11
clinical observation 212
follow-up 212
home discharge 211–12
initial patient management 211, 213
search strategy 208
see also traumatic brain injury

Mini-Mental State Examination 270, 271
mirtazapine 293
MMN see multifocal motor neuropathy
mobile stroke teams 108
modafi nil

EDS 536
late Parkinson’s disease 252
narcolepsy 515–16, 522
post-polio syndrome 313

monoamine oxidase isoenzyme type B 
inhibitors 218, 220, 226, 238, 247

monoclonal antibodies 326
monoclonal gammopathy of uncertain 

signifi cance 352, 353
motor complications

early Parkinson’s disease 220, 221, 222, 
223–4, 227

late Parkinson’s disease 237–40, 241
symptomatic control 243–5

motor fl uctuations 237, 244

motor neuron disease see amyotrophic lateral 
sclerosis

MRA see magnetic resonance angiography
MRI see magnetic resonance imaging
multi-aetiology neuropathy 404, 405
multidisciplinary care

ALS 288–9
stroke 107–8, 131

multifocal motor neuropathy 343–7
background 343
consensus methods 344
diagnostic categories 347
diagnostic criteria 344–5, 346

core 344
exclusion 344
supportive 344, 347

diagnostic tests 346
electrophysiological criteria 345
investigation 345
objectives 343
search strategy 343
treatment 345–7

multiple brain metastases 441, 442
multiple sclerosis

acute relapses 411–17
background 411
consensus method 411–12
glucocorticoid and ACTH treatment 412
glucocorticoids
dose and administration 412–14
optic neuritis treatment 414
side effects 415
glucocorticoids, MS subgroups 

treatment 414–15
other treatments 415–16
during pregnancy 416–17
search strategy 411

anti-interferon antibodies 63–72
background and objectives 63
binding antibodies 65–6
clinical use of antibody 

measurements 68, 69
dosage and administration 64–5
immunogenicity 63–4, 65
MRI 70
neutralizing antibodies 64, 66–8, 71
search strategy and consensus 63

CSF parameters 6
immunoglobulin synthesis 8
oligoclonal bands 10

multiple sclerosis imaging 35–44
clinically defi nite MS 40–4

conventional MRI 40–2
non-conventional MRI 42–3

clinically isolated syndromes 36–40
conventional MRI 36–9
non-conventional MRI 39

diagnosis 36–8
diagnostic criteria 38
EFNS task force 35
prognosis 38–9

Multiple Sleep Latency Test 535
mumps virus 12
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muscle biopsy, LGMDs 367
muscle carnitine defi ciency 505, 506
muscle imaging, LGMDs 367
muscular training

myasthenia gravis 326
post-polio syndrome 313–14

MxA assay 66, 67, 68, 70
myasthenia gravis 75, 322

antibodies against leucocyte antigens 326
azathioprine 325
ciclosporin 326
corticosteroids 325
cyclophosphamide 325
FK506 326
immune-directed treatment 323
intravenous immunoglobulin 323–4
methotrexate 325
mycophenolate mofetil 326
plasma exchange 323
symptomatic treatment 322–3
thymectomy 324–5
training, weight control, lifestyle 

modifi cations 326
Mycobacterium tuberculosis 11, 376
mycophenolate mofetil 326, 337
Mycoplasma pneumoniae 11
myelin-associated glycoprotein 354
myelopathy, HIV-associated 377–8
myoclonus-dystonia (DYT11) 194, 195
myoglobinuria 503

NABs see neutralizing antibodies
naproxen 161, 165, 166, 167
naratriptan 163, 164, 184
narcolepsy 513–24

associated features 523
cataplexy

behavioural therapy 521
newer antidepressants 520–1
non-specifi c monoamine uptake 

inhibitors 520
other compounds 521
sodium oxybate 520

consensus methods 515
diagnostic criteria 513–14
excessive daytime sleepiness 515–19

amphetamines 517–18
behavioural treatments 519
mazindol 518
modafi nil and armodafi nil 515–16
pemoline 519
selegiline 518
sodium oxybate 516–17

future treatments 524
good practice points 524
hallucinations and sleep paralysis 522
methods and search strategy 514–15
parasomnias 523
poor sleep 522
psychosocial support and counselling 

523–4
NASCET method 113, 117, 120
nasogastric feeding 130, 300

National Institute for Health and Clinical 
Excellence 198, 212

National Institutes of Health Stroke Scale 107
nausea 250–1
Neisseria meningitides 11
nerve biopsy, PDNs 356
neuralgia see postherpetic neuralgia; trigeminal 

neuralgia
neuro-borrelliosis 10
neurodegenerative disorders, sleep 

disorders 529–37
classifi cation 530–2
consensus method 530
diagnostic methods 535
drug treatment 536–7
ethics 536
management 534
search strategy 529–30
specifi c neurological disorders 532–4
treatment 534–6

neuroimaging see computed tomography; 
magnetic resonance imaging; positron 
emission tomography

neuromuscular disorders 494–5
sleep disorders 533
see also autoimmune neuromuscular 

transmission disorders
neuromyotonia see peripheral nerve 

hyperexcitability
neuropathic allodynia 96
neuropathic pain 91–7

assessment methods 91–2, 97
assessment questionnaires 93
background and objectives 91
defi nition 91
functional neuroimaging 95–6
microneurography 94
neurophysiology 94
pain-related evoked potentials 95
pain-related refl exes 94–5
quantitative sensory testing 93–4, 97
screening tools 92–3
search methods 91
skin biopsy 96
treatment 399–406

background and objectives 399
central neuropathic pain 401, 403
fi nal recommendations and future 

trials 405–6
methods 399
other NP conditions 404, 405
pain symptoms and response 405
painful polyneuropathy 400, 401
postherpetic neuralgia 401, 402
quality of life, sleep and mood 405
results 399
trigeminal neuralgia 401, 403

Neuropathic Pain Questionnaire 92
Neuropathic Pain Scale 93
Neuropathic Pain Symptom Inventory 93
neurophysiological tests

EFNS guidelines implementation 59–60
and genetics 59

LGMDs 367
non-acute headache 53–5, 58

neurophysiology
neuropathic pain 94
post-polio syndrome 312
primary dystonia 195–6

neuroprotection 127
ALS 290
early Parkinson’s disease 218–19

neuropsychological instruments, 
Alzheimer’s 271

neurosurgery
brain metastases 439–40
early Parkinson’s disease 225
late Parkinson’s disease 240–2
primary dystonia 198–9

neurosyphilis 10
neurotoxicity, immunosuppression 491–2
neutralizing antibodies 63

disease progression 70
dynamics 64
immunogenicity 65
measurements 66, 67, 68, 69
NAB-positive patients 64
prevention and treatment 70–1
relapses 69
safety issues 70

NICE 198, 212
NIH Stroke Scale 122
NINDS trial 125
NIPPV see non-invasive positive-pressure 

ventilation
NMDA receptors 421
NMT disorders see autoimmune 

neuromuscular transmission disorders
Nocardia asteroides 11
nociceptive blink refl ex 54, 95
nociceptive fl exion refl exes 54
nocturnal sleep problems 252–3
non-acute headache

neuroimaging 55–6, 58
SPECT and PET 56–7, 58
transcranial Doppler 57, 58

neurophysiological tests 53–5, 58
aims and methods 53
autonomic tests 55, 58
clinical tests 55, 58
EEG 54
EFNS guidelines 59–60
evoked potentials 54
genetics 59
refl ex responses 54, 58

non-conventional MRI 35
clinically developed MS 42–3
clinically isolated syndrome MS 39

non-convulsive status epilepticus
defi nition 422
refractory 423–4
treatment 426

non-invasive positive-pressure ventilation 297, 
300, 536

non-specifi c monoamine uptake 
inhibitors 520
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non-steroidal antiinfl ammatory drugs 
(NSAIDs) 166, 167

non-vestibular supranuclear ocular motor 
disorders 462–4

acquired pendular nystagmus 462–3
congenital nystagmus 463
opsoclonus and ocular fl utter 463

norepinephrine reuptake inhibitors 521
norepinephrine/serotonin reuptake 

inhibitors 521
normal-appearing white matter 39, 43
nuclear ocular disorders 464
nucleic acid detection, viral encephalitis 

388
number need to treat

ischaemic stroke 113
vascular events 114

Nurses’ Health Study 115
nystagmus 459–64

central vestibular disorders 460–2
downbeat nystagmus 460, 461
periodic alternating nystagmus 461–2
seesaw nystagmus 461
upbeat nystagmus 461

defi nition 459
methods 459–60
non-vestibular disorders 462–4

acquired pendular nystagmus 462–3
congenital nystagmus 463

nuclear and infranuclear ocular 
disorders 464

obstructive sleep apnoea 118, 523
stroke 532–3
treatment 534–5

occipital nerve blockade 184
occupational therapy 132
octreotide 183, 472–3
ocular fl utter 463
ocular motor disorders see nystagmus
oestrogen replacement therapy 115, 119
olanzapine 246
oligoclonal bands 7–9

IgG synthesis 10
ON–OFF phenomenon 237, 244
opioids

central neuropathic pain 403
painful polyneuropathy 400
postherpetic neuralgia 402

opsoclonus 463
opsoclonus-myoclonus

clinical features 451–2
investigations 452
therapy 448, 452

optic nerve MS lesions 36, 37
optic neuritis 414
oral anticoagulation 120, 480–1
orthostatic hypotension 248–9, 469–73

background 469
diagnostic strategies 470
general principles 470–1
management 470
methods 469

non-pharmacological treatment 471
objectives 469
pharmacological treatment

alpha receptor agonists 472
octreotide 472–3
other options 473
plasma expansion 471

supine hypertension 471
OSAS see obstructive sleep apnoea
oscillopsia 459–64

central vestibular disorders 460–2
methods 459–60
non-vestibular disorders 462–4
nuclear and infranuclear ocular 

disorders 464
oxcarbazepine 403
oximetry 533, 535
oxycodone 400
oxygen inhalation 181–2

pain
ALS 293–4
phantom pain 404, 405
polyneuropathy 400, 401
pressure pain threshold 55
stroke 134
see also neuropathic pain

Pain Quality Assessment Scale 93
pain-related refl exes 94–5
PainDETECT 92
paired associative stimulation 196
palliative care 302
pallidal DBS 240–1
pallidotomy 240
paracetamol 161
parainfl uenza virus 12
paraneoplastic neurological syndromes 

447–54
background 447
cerebellar degeneration

clinical features 451
investigations 451
therapy 448, 451

immunoglobulin synthesis 8
Lambert-Eaton myasthenic syndrome 

327
clinical features 452
investigations 452–3
therapy 448, 453

limbic encephalitis 388
clinical features 447–8
investigations 449
therapy 448, 450

methods 447
opsoclonus-myoclonus

clinical features 451–2
investigations 452
therapy 448, 452

peripheral nerve hyperexcitability 
syndromes 327–8

clinical features 453
investigations 453–4
therapy 448, 454

subacute sensory neuronopathy
clinical features 450
investigations 450
therapy 448, 450

paraproteinaemic demyelinating 
neuropathies 351–8

background 351
cerebrospinal fl uid and nerve biopsy 356
consensus methods 352
IgG or IgA PDN 354
IgM PDN

antibodies to MAG 354
clinical phenotype 353
electrophysiology 353, 354

objectives 351
other neuropathy syndromes

CANOMAD 355
POEMS 354, 358
Waldenström’s 

macroglobulinaemia 354–5
paraprotein, investigation and 

classifi cation 352, 353
paraprotein causal relationship 355
results 352
search strategy 351
treatment

haemotological disease monitoring 356
IgG and IgA PDN 358
IgM PDN 356–8
other syndromes 358
POEMS 358

typical syndromes 352–4
parasomnias 523, 531
Parkinson’s disease see early Parkinson’s 

disease; late Parkinson’s disease
paroxetine 248
paroxysmal dystonia 192, 193, 194–5
paroxysmal hemicrania 180–1, 182, 185
paroxysmal vestibular episodes 464
partial channel polygraphy 535
Pasteurella multocida 11
patent foramen ovale 118–19
PDNs see paraproteinaemic demyelinating 

neuropathies
pemoline 519
percutaneous endoscopic gastrostomy 300
percutaneous enteral gastrostomy (PEG) 130, 

300
percutaneous nocturnal oximetry 297
perfusion-CT 21, 22
perfusion imaging 21, 22, 110
pergolide 227
periodic alternating nystagmus 461–2
periodic limb movements in sleep 523, 531
perioperative neuropathies 494
peripheral nerve hyperexcitability 327–8

clinical features 453
investigations 453–4
therapy 448, 454

peripherally acting anticholinergics 249
PET see positron emission tomography
petasites 165, 166
phantom pain 404, 405
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phenazon 161
phenytoin 423
photic driving 57–8
physical activity/therapy

ALS 293
ischaemic stroke 115, 131
post-polio syndrome 314
primary dystonia 200
see also muscular training

physiotherapy 132, 225, 243
pioglitazone 118
piribedil 227
pizotifen 166, 183
plasma exchange

autoimmune NTDs 323
CIDP 336
IgM PDN 356
multiple sclerosis relapses 415

plasma expansion 471
plasmapheresis 71
pleocytosis, pseudomigraine with 390–1
PML (progressive multifocal 

leukoencephalopathy ) 375–6, 387, 392
pneumonia 129
POEMS 354, 358
polio 385, 387
poliovirus 12
polymerase chain reaction (PCR) 13, 388, 390
polyneuropathy

autoimmune and infectious 6
HIV-associated 378, 400
painful 400, 401

polysomnography 534, 535
positron emission tomography

fl uorodeoxy-glucose-(FDG) PET 273
neuropathic pain 95
non-acute headache 56–7, 58
primary dystonia 196
stroke 23

postherpetic neuralgia 401, 402
post-infectious/perivenous encephalitis 390
postmenopausal oestrogen replacement 

therapy 115, 119
post-polio syndrome 311–16

background 311–12
clinical neurophysiology 312
guidelines, new revision 316
objectives 311
search strategy 312–13
therapeutic interventions 313–16

bulbar symptoms 315
muscular training 313–14
respiratory aid 314–15
warm climate and water training 314
weight control, assistive devices, lifestyle 

modifi cations 315
post-stroke shoulder pain 134
post-traumatic amnesia 209, 211
post-traumatic neuropathy 404, 405
postural hypotension see orthostatic 

hypotension
PPS see post-polio syndrome
pramipexole 227

prednisolone 325, 335–6
cerebral vasculitis 488

prednisone 183, 335–6, 414
pregabalin 400
pregnancy

migraine in 167–8
multiple sclerosis relapses 416–17

pressure pain threshold 55
pressure ulcers 129
primary CNS lymphoma 377
primary dystonia 191–200

background 191
brain imaging 196–7
classifi cation 192, 193
clinical features 192–3
consensus method 191–2
genetic test in diagnosis and 

counselling 193–5
medical treatments 197–8
neurophysiology in diagnosis and 

classifi cation 195–6
neurosurgery 198–9
objectives 191
physical therapy and rehabilitation 200
search strategy 191

primary pure dystonia 192, 193–4
primary stroke centres 107, 108
pro-urokinase 126
progressive multifocal 

leukoencephalopathy 375–6, 387, 392
progressive rubella panencephalitis 10
propanolol 165
protein, quantitative analysis 6–7
pseudobulbar emotional lability 292
pseudomigraine with pleocytosis 390–1
PSG (polysomnography) 534, 535
psychosis 246
pulmonary embolism 129
pulmonary function 123

post-polio syndrome 314–15

quality assurance, CSF diagnostics 13–14
quality of life 405
quantitative frequency analysis of EEG 54, 57
quantitative sensory testing 86–7

neuropathic pain 93–4, 97
quetiapine 246

rabies virus 12
radiculopathy 404, 405
radio-immunoprecipitation assay 65, 66
rapid-onset dystonia-parkinsonism 194
RAPID trial 127
rasagiline 218, 220, 227, 238
Rasmussen’s encephalitis 388
RBD see REM sleep behaviour disorder
Rebif 64, 65, 69, 69, 70
receiver operating characteristic analysis 85
Recognition of Stroke in the Emergency 

Room 106
recombinant tissue plasminogen activator 24, 

104, 107, 124–6
recurrent vascular event 120

refl ex responses, non-acute headache 54, 
58

refractory status epilepticus 423–4, 426
regional cerebral blood fl ow changes 57
rehabilitation

ischaemic stroke 130–3
primary dystonia 200
viral meningo-encephalitis 393
see also cognitive rehabilitation

rehabilitation stroke units 108
relapsing-remitting MS 41–2
relative risk reduction, vascular events 114
REM sleep behaviour disorder 253, 523, 531
respiratory function see pulmonary function
restless legs syndrome 531
ribofl avin 165, 166
ribofl avin-responsive multiple acyl-CoA-

dehydrogenase 506, 508–9
rickettsia 11
riluzole 290
risperidone 247
rituximab 337

IgM PDN 357–8
rivastigmine 247, 276
rizatriptan 163, 164
roentgen techniques 56
ropinirole 227
rotavirus 12
rotigotine 227
RR-MADD 506, 508–9
rtPA see recombinant tissue plasminogen 

activator
rubella virus 10, 12

saccades 459
sandfl y fever 12
SAPPHIRE (Stenting and Angioplasty with 

Protection in Patients at High Risk for 
Endartectomy) 121

sarcoidosis 86
Scandinavian Stroke Scale 122
scopolamine (hyoscine) 291
secondary dystonia 192, 193, 199
secondary progressive MS 41–2
seesaw nystagmus 461
seizures 129

control of 481
liver transplantation 493
see also alcohol-related seizures; 

antiepileptics; status epilepticus
selective serotonin reuptake inhibitors 133, 

248, 520–1
selegiline 218, 220, 227, 238, 518, 521
semantic memory 271
sensory nerve action potential 86
serological tests, viral encephalitis 388–9
serum glucose ratio 9
sexuality 133
short-chain acyl-CoA defi ciency (SCAD) 506, 

508
sialorrhoea 290–1
sildenafi l 251
single brain metastases 439–41, 442
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single photon emission computed tomography
Alzheimer’s disease 273
non-acute headache 56–7, 58
primary dystonia 196
stroke 23
viral encephalitis 387

skin biopsy
neuropathic pain 96
small fi bre neuropathy 81–8

consensus method 81–2
diagnostic yield 85
EFNS/PNS standards 87
IENF density vs other neuropathy 

measures 86–7
methology 82–3
new studies proposals 88
normative reference values 84–5
objectives 81
outcome measures 87
performance and location 82
safety 83–4
search strategy 81

sweat gland innervation 83
tissue preparation 82

sleep-disordered breathing 118, 530
sleep disorders

ALS 293–4
classifi cation 530–2
irresistable episodes 515–19
late Parkinson’s disease 251–4, 532
neurodegenerative disorders 529–37

consensus method 530
diagnostic methods 535
drug treatment 536–7
ethics 536
management 534
search strategy 529–30
specifi c neurological disorders 532–4
treatment 534–6

neuropathic pain 405
post-polio syndrome 315
see also narcolepsy; obstructive sleep apnoea

sleep hypoventilation syndrome 536
sleep paralysis 522
sleep-related movement disorders 531–2
small cell lung carcinoma 327
small fi bre neuropathy

defi nition 82
skin biopsy 81–8

consensus method 81–2
diagnostic yield 85
EFNS/PNS standards 87
IENF density vs other neuropathy 

measures 86–7
methology 82–3
new studies proposals 88
normative reference values 84–5
objectives 81
outcome measures 87
safety 83–4
search strategy 81

sniff nasal pressure 297
SOD1 gene 296

sodium oxybate 516–17, 520, 522
SPACE trial 121
SPARCL trial 118
spasticity 134, 293
SPECT see single photon emission computed 

tomography
speech and language therapy 132–3, 546–7
spinal cord atrophy 39, 42
spinal cord MS lesions 36, 37
SSRIs see selective serotonin reuptake 

inhibitors
Staphylococcus aureus 11
statins 114, 118
status epilepticus 421–6

alcohol-related 433–4
anaesthetising anticonvulsants 425
consensus methods 422
CPSE treatment 423
defi nitions 422
GCSE treatment 422–3, 426
incidence, mortality, morbidity 421
mechanisms 421
NCSE treatment 426
non-anaesthetising anticonvulsants 424–5
refractory GCSE and NCSE 

treatment 423–4, 426
search strategy 422
subtle SE treatment 423, 426
treatment side effects 423

stem cell therapy 294, 337
StEP 93
stereotactic radiosurgery 439–40
steroids

cerebral vasculitis 488
multiple sclerosis 70
post-polio syndrome 313
see also corticosteroids

stimulation of the subthalamic nucleus 240, 
241–2, 244, 254

Streptococcus mitis 11
Streptococcus pneumoniae 11
streptokinase 20, 126
stroke

aphasia rehabilitation 546–7
apraxia rehabilitation 556–7
attention disorders rehabilitation 548–9
epidemiology 103
imaging 19–26, 108–11

acute stroke 109–11
background 19
brain 20–3, 25–6, 109
consensus method 20
extracranial vessels 23–4, 26, 109
general principles 109
intracranial vessels 24–5, 26
minor non-disabling stroke/stroke with 

spontaneous recovery 111
objectives 19
search strategy 20

memory rehabilitation 551–5
sleep disorders 532–3
see also haemorrhagic stroke; ischaemic 

stroke

stroke care pathways 106
stroke liaison service 133
stroke services 107
stroke unit care 107–8, 131
Stroke Unit Trialists’ Collaboration 131
Strongyloides stercoralis 12
subacute sclerosing panencephalitis 10, 386
subacute sensory neuronopathy

clinical features 450
investigations 450
therapy 448, 450

subarachnoid haemorrhage 6, 21, 22
subthalamic nucleus

lesioning 242
stimulation 240, 241–2, 244, 254

subtle status epilepticus 423, 426
sudden-onset sleep episodes 252
sumatriptan 162, 163, 164, 182, 184
SUNCT syndrome 181, 182, 185–6
superior oblique myokymia 464
supine hypertension 471
supranuclear ocular motor disorders

central vestibular disorders 460–2
non-vestibular disorders 462–4

sural nerve biopsy 87
sweat gland innervation 83
sympathetic nervous system 55
synucleinopathies, sleep disorders 532
systemic cartinine defi ciency 505, 506
systemic lupus erythematosus 86

tacrolimus (FK506) 326
tanacetum parthenium 165, 166
Task Force on Cognitive Rehabilitation 545
tauopathies, sleep disorders 532
telemedicine 105, 107
TEMPO study 218, 220
tension-type headache 55
thalamic hypoperfusion 96
thalamotomy 242
thalamus stimulation 242
thiamine therapy 431–2
thrombolysis

cerebral venous thrombosis 479–80
intra-arterial 126
stroke 19, 22, 24, 106, 109, 110

thrombolytics 124–6
CVST 479–80

thymectomy 324–5
TIA see transient ischaemic attack
tick-borne encephalitis 12
‘time is brain’ 103
time-of-fl ight angiography 23
TLL Temple Foundation Stroke Project 104
tolcapone 220–1, 227, 238
tolfenamic acid 161, 166
topical agents, postherpetic neuralgia 402
topiramate 165, 184
Toronto Western Spasmodic Torticollis Rating 

Scale 193, 199
Toxoplasma gondii 12, 374
tramadol 400
transcranial colour-coded duplex imaging 24
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transcranial Doppler imaging
EFNS guidelines 60
non-acute headache 57, 58
stroke 24, 25, 111

transient ischaemic attack 101–35
diagnostic imaging 109, 110, 111
and stroke 105
see also ischaemic stroke

transoesophageal echocardiography 112
transthoracic echocardiography 112
traumatic brain injury

apraxia rehabilitation 556
attention disorders rehabilitation 548–51
classifi cation 208
memory rehabilitation 551–5
see also mild traumatic brain injury

tremor 228
Treponema pallidum 11
tricyclic antidepressants 247–8, 400
trifl usal 119
trigeminal neuralgia 94, 181, 184

drug treatment 401, 403
trigemino-autonomic cephalgias 179, 180–1

see also cluster headache
triptans 162–4, 182, 184
Tropheryma whipplei 11
Tsui scale 193
tuberculous meningitis 376–7
tumours, oligoclonal bands 10

uncomplicated Parkinson’s disease see early 
Parkinson’s disease

Unifi ed Dystonia rating scale 192
unilateral spatial neglect, cognitive 

rehabilitation 547–8
unilateral spontaneous neuropathic pain 96
upbeat nystagmus 461
UPDRS study 221
urinary disturbance 249–50

urinary tract infections 130
urokinase 126

valproic acid 165, 184, 423, 424
varicella zoster virus 12, 387

anti-viral therapy 391–2
corticosteroids 392

vascular risk factors
antithrombotic therapy 116
ischaemic stroke 113–15, 117–19

venlafaxine 165, 166, 400
venous thrombosis 294

see also cerebral venous thrombosis
verapamil 183
vertebral artery stenosis 122
vertebrobasilar TIA 110
very-long-chain acyl-CoA dehydrogenase 502, 

506–7
vestibulo-ocular refl ex 460
viral culture 388
viral meningo-encephalitis 383–94

clinical manifestations 385
general examination 385
history 385
neurological examination 385

CSF oligoclonal bands 10
CSF parameters 6
defi nitions and scope 383, 385
diagnostic investigations 393

EEG 386
general 386
neuroimaging 386–8

differential diagnosis 390–1
evidence classifi cation scheme

diagnostic measure 384
recommendations rating 384
therapeutic intervention 384

general measures 393
histopathology 389–90

immunocytochemistry, in situ hybridization, 
PCR 390

methods 383
prevention 393
rehabilitation 393
surgery 392–2
therapy 394

anti-viral 391–2
corticosteroids 392

virological tests
antigen detection 389
general 388
nucleic acid detection 388
serological 388–9
viral culture 388

visual evoked potential 59
visual hallucinations 246
visual-spatial abilities 271
vital capacity 297
vitamin E 277
vitamins 115, 118
VLCAD 502, 506–7
vomiting 251
VZV see varicella zoster virus

Waldenström’s macroglobulinaemia 354–5
warfarin 114, 116
WASPO (Warfarin versus Aspirin for Stroke 

Prevention in Octagenarians) 116
weight see body weight
Wernicke’s encephalopathy 431
West Nile Virus 385, 387
Western blot 65, 66
white matter, normal-appearing 39, 43
whole-brain radiotherapy (WBRT) 440–1
Wisconsin card sorting test 271, 272

Z-scores 85
zolmitriptan 163, 164, 182
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