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Hepatic Encephalopathy

Juan Cérdoba, M.D.," and Beatriz Minguez, M.D."

ABSTRACT

Hepatic encephalopathy is a severe complication of cirrhosis that is related to the
effects of ammonia. Analysis of interorgan ammonia trafficking has identified an important
role of skeletal muscle in ammonia removal and has highlighted the importance of the
nutritional status. Ammonia causes neurotransmitter abnormalities and induces injury to
astrocytes that is partially mediated by oxidative stress. These disturbances lead to astrocyte
swelling and brain edema, which appear to be involved in the pathogenesis of neurological
manifestations. Inflammatory mediators worsen brain disturbances. New methods for
assessing hepatic encephalopathy include clinical scales, neuropsychological tests, imaging
of portal-systemic circulation, and magnetic resonance of the brain. Reappraisal of current
therapy indicates the need for performing placebo-controlled trials and the lack of evidence
for administering diets with restricted protein content. Liver transplant should be
considered in selected patients with hepatic encephalopathy. Future prospects include
new drugs that decrease plasma ammonia, measures to reduce brain edema, and liver-
support devices.
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Hepatic encephalopathy (HE) is a frequent and
serious complication of cirrhosis that carries prognostic
implications. In recent years, we have witnessed impor-
tant achievements in the management of the complica-
tions of cirrhosis, which are reviewed in this issue of
Seminars in Liver Disease. This progress has been the
consequence of a better understanding of their patho-
physiology. Several investigators have tried to match
these achievements in the field of HE. The research
has been focused on a reanalysis of ammonia metabo-
lism, applying developments of neuroscience in the study
of its pathogenesis, better delineation of the clinical
presentation, new diagnostic tools, and a critical reap-
praisal of available therapies, including nutrition and
liver transplant. In this article we will review the most
significant progress in each of these aspects.

PATHOGENESIS

The two elements that confer the name to the syndrome
and intervene in its clinical classification are neurological
disturbance and liver failure. According to the character-
istics of the neurological manifestations, HE is classified
as episodic (previously acute), persistent (previously
chronic), or minimal (previously subclinical).! Depend-
ing on the disease of the liver, HE is termed type C
(associated with cirrhosis), type A (associated with acute
liver failure), or type B (associated with portal-systemic
bypass and no intrinsic liver disease). Irrespective of the
characteristics of the neurological manifestations and the
type of liver disease, the link between them is that HE is
caused by the effects on the brain of substances that
under normal circumstances are efficiently metabolized
by the liver.”> Ammonia remains as the most important

Servei de Medicina Interna-Hepatologia, Hospital Vall d’Hebron,
Departament de Medicina, Universitat Autonoma de Barcelona,
Centro de Investigacion Biomédica en Red de Enfermedades
Hepiticas y Digestivas (CIBEREHD), Barcelona, Spain.

Address for correspondence and reprint requests: Juan Cérdoba,
M.D., Servei de Medicina Interna-Hepatologia, Hospital Vall
d’Hebron, Paseo Vall dHebron 119, Barcelona 08035, Spain (e-mail:

jeordoba@vhebron.net).
Complications of Cirrhosis; Guest Editor, Pere Gines, M.D.
Semin Liver Dis 2008;28:70-80. Copyright © 2008 by Thieme
Medical Publishers, Inc., 333 Seventh Avenue, New York, NY 10001,
USA. Tel: +1(212) 584-4662.
DOI 10.1055/s-2008-1040322. ISSN 0272-8087.



HEPATIC ENCEPHALOPATHY/CORDOBA, MINGUEZ

VAl

factor in the pathogenesis of HE. Currently, there is a
better explanation of the mechanisms by which ammonia
interferes with brain function and a better recognition of
the factors that influence these effects.

Ammonia

The association between ammonia neurotoxicity and
HE was first suggested by studies in dogs that underwent
portal-cava anastomosis (Eck’s fistula) and developed
neurological manifestations when fed meat.> Ammonia
is generated in the intestines from different sources:
nitrogenous components of the diet, deamination of
glutamine, and breakdown of urea by urease present in
colonic flora.* These features have been known for many
years and have been the basis for designing treatments
tor HE based on the modulation of intestinal generation
of ammonia (Fig. 1). Glutaminase, the enzyme that
metabolizes the deamination of glutamine, has been
thought to play an important role in the pathogenesis
of HE.” In the intestines, the activity of glutaminase has
been associated with minimal HE, probably because it
regulates the generation of ammonia.’ Neomycin, a drug
that improves HE, may act by inhibiting intestinal
glutaminase.” In the brain, glutaminase is located in
the mitochondria of astrocytes and might be implicated
in the toxic effects of ammonia in this organelle.8

Interorgan ammonia trafficking has been quanti-
fied in cirrhotic patients.9 The relative contribution of
different organs highlights the role of skeletal muscle to
buffer ammonia that is produced in the intestines and is
not metabolized in the liver. These data suggest that
favoring an anabolic metabolic state may decrease am-
monia concentration in the blood. A negative protein
balance has been shown in advanced cirrhosis.’® This
balance can be partially reversed in different clinical
situations. Isoleucine infusions promote protein synthe-
sis after gastrointestinal bleeding,11 anabolic steroids
improve nutritional status in moderately malnourished
patients with acute alcoholic hepati’tis,12 and a diet with
normal protein content avoids the increased protein
breakdown seen in patients with episodic HE treated
with low-protein diets.’® Malnourishment, which tradi-
tionally has been linked to a worse clinical outcome in
cirrhosis, may be difficult to combat through diet inter-
ventions.'* Branched chain amino acids may be helpful
for this purpose, because they promote protein syn-
thesis.’> The administration of branched chain amino
acids-enriched diets may slow the progression of cir-
rhosis'® and through this mechanism improve persistent
HE."

The kidney is another organ that is important in
regulating blood ammonia levels. An increase in the
generation of ammonia in the kidney has been shown
after gastrointestinal bleeding18 and may follow dehy-
dration and the administration of diuretics. Expansion of

plasma volume, a common practice in patients with
episodic HE, increases the excretion of urea in the urine
and may be helpful to shorten the duration of HE.?
A common criticism of the role of ammonia in
HE has been the lack of a good correlation between
blood levels and the severity of HE.?° At physiological
pH, blood ammonia is mostly ionized (NH,"). Small
changes in pH have effects in the equilibrium and affect
the amount of un-ionized ammonia (NH3), which is the
form that passes the blood-brain barrier by diffusion. In
some studies, the correlation between arterial ammonia
and HE has been improved after adjusting for pH,21 but
this has not been confirmed by other authors.?? Part of
the lack of association between plasma ammonia and HE
can be accounted for by differences in ammonia concen-
tration between blood and the central nervous system.
This difference could be explained by differences in pH
between the compartments and by the presence of active
transporters. It has been estimated that at least 20% of
ammonia may pass the blood-brain barrier ionized
(NH,4") through an active transport.23 Cerebral blood
flow and the permeability surface area are other elements

that may determine the delivery of ammonia to the
brain.?*

Inflammation

Apart from ammonia, there are other factors that appear
to have an important role in the development of HE.
This is apparent from the differences between HE in
cirrhosis and other diseases that share high levels of
ammonia but different clinical outcomes, such as inborn
errors of metabolism or congenital portal-systemic
shunts.?® In the latter, magnetic resonance studies and
oral glutamine challenge tests have reproduced the same
abnormalities as those present in cirrhosis.?® However,
episodic HE is very infrequent in patients with congen-
ital shunts. One factor that may explain the development
of episodic HE in cirrhosis is inflammation.?” The
presence of markers of a systemic inflammatory response
has been linked to HE.?® In patients with acute liver
failure, it is well documented that the progression to
severe HE is associated with infection.?’ The exposition
of astrocytes to cytokines in cultures induces astrocyte
swelling, which is considered a neuropathological hall-
mark of HE.3% In experimental models, lipopolysacchar-
ide enhances ammonia-induced changes in cerebral
hemodynalmics.31 For these reasons, it has been postu-
lated that the inflammatory response may unlock the
blood-brain barrier to the effects of toxins and may be
responsible for most of the bouts of overt HE.*? Inter-
estingly, subclinical infection has been demonstrated
among patients with advanced cirrhosis.®® The induction
of inflammatory response by these infections may cause
those episodes of HE in which a precipitating event
cannot be identified.
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Figure 1 Interorgan ammonia trafficking and metabolism. Ammonia is generated in the intestines from nitrogenous
compounds from the diet, deamination of glutamine by glutaminase, and metabolism of nitrogenous substances by colonic
flora. In normal circumstances, most ammonia is metabolized to urea in the liver. Portal-systemic shunts and liver failure cause a
rise in blood ammonia that may affect brain function by inducing several disturbances in astrocytes; these may impair
mitochondria and the glutamate-glutamine trafficking between neurons and astrocytes. Skeletal muscle is capable
of decreasing blood ammonia by metabolizing ammonia to glutamine. The kidney has also an important role in determining
blood ammonia by excreting urea in the urine and generating ammonia. NHs, ammonia; GLU, glutamate; GLN, glutamine;

GNASE, glutaminase; BBB, blood-brain barrier.

Brain Disturbances
New technological advances have allowed a better
knowledge of the disturbances present in the brain in
HE, not only in experimental models, but also in
patients with cirrhosis. Results of neuropathologic, spec-
troscopic, and neurochemical studies continue to indi-
cate a major role for ammonia.>* Although there is no
unifying hypothesis, the molecular mechanisms of am-
monia toxicity point at two important steps: (1) abnor-
malities in the metabolism of neurotransmitters and
(2) neurotoxicity induced by oxidative stress.
Glutamate is an amino acid that acts as an
excitatory neurotransmitter and is present in presynaptic
vesicles in more than 90% of the neurons. After its
release and activation of different postsynaptic receptors,
glutamate is removed from the synaptic cleft by trans-
porters located at the astrocytes. In the astrocytes,
glutamate is transformed into glutamine with the incor-
poration of one molecule of ammonia and transported
into the presynaptic neuron, where glutamine will be

transformed again into glutamate. This cycle is affected
at several steps by ammonia,>> which has led to the
proposal that impaired glutamatergic neurotransmission
induces part of the neurological manifestations of
HE.*® However, experimental attempts to modify these
abnormalities have shown only marginal amelioration.*”
Another neurotransmitter system that is affected by
ammonia is the inhibitory GABAergic neurotransmis-
sion. One of the mechanisms involved is the activation of
neurosteroids, which are agonists of the y-aminobutyric
acid (GABA) receptor and may be responsible for the
inhibitory pattern of neuronal function that characterizes
HE.®

Ammonia has been shown to evoke oxidative
stress inducing the generation of free radicals and the
nitrotyrosination of proteins in the brain.>? This proc-
ess is critical for mitochondrial function and seconda-
rily may cause failure of normal neurotransmission.
Signs of impending energy failure have been shown in
experimental models* and in patients with acute liver
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failure.*! An additional effect of oxidative and nitro-
sative stress in astrocytes is the induction of swelling,42
which has been consistently reproduced after exposure
to ammonia.”> Astrocyte swelling can be exacerbated
by some of the factors that precipitate HE, such
as inflammatory mediators, hyponatremia, and benzo-
diazepines.44 The change in the state of cellular
hydration causes impairment of several metabolic
pathways and has been suggested as being responsible
for brain edema and for the neurological manifesta-
tions of HE.*®

CLINICAL ASSESSMENT

The complexity of the multiple functions of the brain
explains the difficulties in assessing and monitoring HE,
a disorder that causes a generalized disturbance of brain
function. There are many systems of variable sophisti-
cation that have been proposcd46 to cover the whole
spectrum of HE (electroencephalogram, evoked poten-
tials). However, as highlighted in the Vienna confer-
ence,’ simple tools that may be used at the bedside are
preferable. One approach may be the combination of
several simple neurological scales and neuropsychological
test that are already available, depending on the severity
of HE (Fig. 2).

Grading Episodic Hepatic Encephalopathy

Episodic HE is characterized by rapid fluctuations in the
mental state. As in other metabolic encephalopathies,
the confusional syndrome can be identified simply with
the four questions of the Confusion Assessment
Method.*” A precise gradation of HE may help to detect
the presence of new precipitating factors early on
and proceed to their adequate treatment. The West
Haven scale establishes four stages of HE according to
alterations in the state of consciousness, intellectual
function, behavior, and neuromuscular signs.1 The scale
includes multiple manifestations for each stage, but lacks
specific definitions. In clinical practice, doctors do not
check for the presence of all the manifestations and use
the scale in an intuitive approach that has been author-
ized for its wide use. However, this makes grading of
HE subjective, which does not invalidate the scale in
individual cases, but may cause discrepancies between
different observers and affect the results of multicenter
trials. One method to improve the reliability of the West
Haven scale is to use well-defined operational criteria
and combine them with psychometric tests, as proposed
by the Hepatic Encephalopathy Scaling Algorithm
(HESA).*® A simpler alternative that has been recently
developed is the clinical hepatic encephalopathy staging
scale (CHESS).* The CHESS is a linear scale that

Does the patient

Assess uvorlty of HE: cHEss | West Haven

Assess Glngow Coma Score for patients in coma
(CHESS =9 or West-Haven=4)

 YES: Episodic HE

show confusion?

‘Confusion Assessment Method

1. Is there evidence of an acute
change in mental status? Does it

NO

Assess Mini-Mental State Examination (MMSE)

Confusion = positive response fo 1+ 2+ (3or 4)

fluctuate? _ (screening for significant cognitive impairment)
2. Does the patient have difficulty

focusing attention or Is ml:ly -

dlstractlbh? ;

3. Itthlnldng disorganlzod or

Incoherent? MMSE impaired MMSE normal

4. Does the patient show an Persistent HE Assess CFF or PHES
altered level of consciousness? {snmanlngfor minimal HE)

CFFIPHE&l

myﬁrﬂ;df. .'

Figure 2 Algorithm for grading hepatic encephalopathy using simple clinical scales. The questions of the CAM (Confusion
Assessment Method) have been abbreviated due to space constraints. HE, hepatic encephalopathy; CHESS, clinical hepatic
encephalopathy staging scale; CFF, critical flicker frequency; PHES, psychometric hepatic encephalopathy score; MMSE,

Mini-Mental State Examination.
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Table 1 Clinical Hepatic Encephalopathy Staging Scale (CHESS)

Score
Item 0 1
1. Does the patient know which month Yes No, or he/she does not talk
he/she is in (i.e., January, February)?
2. Does the patient know which day of the week Yes No, or he/she does not talk
he/she is in (i.e., Thursday, Friday, Sunday, etc.)?
3. Can he/she count backward from 10 to 1 without Yes No, or he/she does not talk
making mistakes or stopping?
4. If asked to do so, does he/she raise his/her arms? Yes No
5. Does he/she understand what you are saying to him/her? Yes No, or he/she does not talk
(based on the answers to questions 1 to 4)
6. Is the patient awake and alert? Yes No, he/she is sleepy or fast asleep
7. Is the patient fast asleep, and is it difficult No Yes
to wake him/her up?
8. Can he/she talk? Yes He/she does not talk
9. Can he/she talk correctly? In other words, can you Yes No, he/she does not talk or does not

understand everything he/she says, and he/she doesn’t stammer?

Total score of the CHESS:

talk correctly

The total score is the sum of the answers to the nine items. Minimal score =0; maximal score =9.

scores HE from 0 (normal mental state) to 9 (deep coma)
according to presence or absence of nine items (Table 1).
Irrespective of the scale that is used, for patients in coma
it is recommended to complete the assessment with the
Glasgow Coma Score.!

Diagnosis of Minimal Hepatic Encephalopathy

The main reason to investigate the presence of minimal
HE is to advise patients with cirrhosis who are at risk for
accidents, such as active drivers, those with a decline in
work performance, or those who complain of cognitive
symptoms.so A complete psychometric assessment by a
neuropsychologist is the best way to know to what extent
the patient suffers a cognitive impairment and how it
interferes with daily life. However, this evaluation is not
easy to carry out due to its costs, complexity, and length.
There are many diagnostic methods that have been
proposed instead. Any technique that demonstrates
abnormalities of the central nervous system attributable
to liver failure in a patient with cirrhosis and a normal
mental state on physical exam would be valid. Unfortu-
nately, an arbitrary consensus to define a gold standard to
compare the reliability of the different methods has not
been reached. The current recommendation is to apply
short diagnostic batteries of neuropsychological tests
adapted to the cultural characteristics of the population
being evaluated. One of these tests, which is being
increasingly used in different countries, is the psycho-
metric hepatic encephalopathy score (PHES).”* One
alternative is computerized tests, such as the critical
flicker frequency (CFF).>? The CFF consists of identi-
fying the frequency at which a high-frequency flickering
light, perceived as a continuous light at first, begins to be

perceived intermittently once the frequency of flickering
progressively decreases. Inattentive subjects that exhibit
minimal or overt HE perceive the intermittency at a
lower frequency. The value of the CFF is supported by
the finding that cirrhotic patients with a CFF <38 Hz
are at higher risk for episodic HE.>

Imaging of the Portal-Systemic Circulation

The importance of portal-systemic shunting in inducing
HE is well known from the experience with surgical
shunts and transjugular intrahepatic portal-systemic
shunt (TIPS).>* This experience shows that there is a
balance between the risk of HE and the risk of gastro-
intestinal bleeding.55 Cirrhotic patients with persistent
or recurrent HE commonly have large spontaneous
portal-systemic shunts.>® Tt is currently possible to ob-
tain high-quality three-dimensional images of these
vessels with helical computed tomography and magnetic
resonance. These methods are especially valuable in the
diagnosis of patients with neurological manifestations
compatible with HE but with normal or only slightly
abnormal liver tests.”” The steal of portal flow caused by
these large shunts is an important mechanism in the
induction of HE.*® Increasing portal flow with the
occlusion of the shunts improves HE. This can be
performed safely with angioradiological procedures,59
but occlusion of shunts should be reserved for patients
without large varices and relatively well-preserved liver
function (normal bilirubin). On other occasions, imag-
ing of the portal-systemic circulation may reveal portal
vein thrombosis.®® There is a current tendency to in-
dicate anticoagulation in this situation, even if associated
with cirrhosis.® From a theoretical point of view, it is
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possible that the benefits of anticoagulation include a
decrease in the development of HE.

Magnetic Resonance of the Brain

Magnetic resonance of the brain has become a standard
technique for the assessment of patients with neuro-
logical manifestations. In patients with cirrhosis, mag-
netic resonance is useful to exclude alternative diagnoses
to HE. In addition, there are a series of abnormalities
found by various techniques that have been very useful
for a better understanding of the pathogenesis of HE
and are increasingly being applied in its diagnosis and
monitoring.

Proton magnetic resonance imaging shows a typ-
ical pallidal hyperintensity on T1-weighted images in
cirrhotic patients.62 This probably indicates deposition of
manganese,63 which may intervene in the development of
extrapyramidal manifestations. Pallidal hyperintensity is
not related to the grade of HE,** but rather its absence in
a patient with cirrhosis and neurological manifestations
suggests an alternative diagnosis. Proton magnetic
resonance spectroscopy allows the assessment of several
brain metabolites (glutamine, glutamate, myo-inositol)
that may participate in the pathogenesis of HE. The
pattern of a decrease of myo-inositol and an increase of
glutamine is characteristic of HE.® Severity of HE has
been associated with the intensity of this abnormality.66
However, neither cut-off values or the diagnostic accu-
racy of this pattern have been established.

Magnetization transfer and diffusion-weighted
images are techniques sensitive to detect changes in the
amount of water in different compartments of the brain.
They have shown signs compatible with an increase in
extracellular water in patients with cirrhosis and minimal
or mild HE.®*° Several investigators are trying to
establish systems to quantify changes in brain water and
use them in the diagnosis and monitoring of HE. Mean-
while, these findings are intriguing in terms of patho-
genesis, because they contradict the hypothesis that the
increase in brain water is intracellular and secondary to
astrocyte swelling.”” An explanation for an increase in
extracellular brain water could be impairment of the
blood-brain barrier, as suggested by the evolution of focal
white matter lesions after improving HE.”* Cirrhotic
patients with HE and white matter lesions, induced by
small-vessel disease secondary to vascular risk factors,
may exhibit large modifications in their volume due to
changes in the amount of focal brain edema (Fig. 3).

TREATMENT

Reappraisal of Current Therapies
Since the finding that the administration of nitrogenous
compounds could precipitate HE, the focus of therapy

has been to reduce ammonia generated in the colon.
Therefore, the mainstays of therapy have been the
administration of antibiotics (neomycin, rifaximin, van-
comycin), nonabsorbable disaccharides (lactulose, lacti-
tol), and protein-restricted diets.”? As discussed above,
current knowledge indicates that organs other than the
colon have an important role in determining blood
ammonia concentration. From this perspective, the
data on which the efficacy of current therapy was based
have been reappraised.”* A meta-analysis investigated
the effect of nonabsorbable disaccharides (lactulose or
lacitol) compared with placebo, antibiotics, or no inter-
vention.”* The main result is that nonabsorbable dis-
accharides seem to reduce the risk of no improvement of
HE, but are inferior to antibiotics. However, the results
were not homogeneous and the analysis of the two high-
quality trials (44 patients) that compared nonabsorbable
disaccharides to placebo found no significant effect.
These data have generated a controversy of whether or
not nonabsorbable disaccharides should be used. Most
authors agree that the data on the biological effects of
these compounds and a large clinical experience are
sufficient to justify their use.”” The meta-analysis reflects
the difficulties in designing clinical trials for HE, where
multiple confounding factors are hard to control, and
indicates that future studies of new compounds should
compare them against placebo. The use of antibiotics to
treat HE was reinforced by the meta-analysis. Never-
theless, antibiotics have secondary effects that may be
severe, especially if administered for long periods.”®

Protein restriction has been strongly advocated
for patients with HE.”” The recommendation is so
deeply present in clinical practice78 that even societies
of nutritionists have found difficulty in eliminating
protein restriction from their guidelines until recently.79
However, the basis for protein restriction has been
anecdotal.®® Protein restriction may be harmful as shown
in an analysis of clinical trials in alcoholic liver disease
that observed increased mortality among patients who
received diets with a low amount of pro’cein.81 In patients
with episodic HE, the only randomized trial that has
been conducted did not find differences in the outcome
of HE between a low and a normal protein diet.’?
Protein restriction favors protein degradation and if
maintained for long periods worsens the nutritional
status. While a high content of proteins in the diet
induces hyperammonemia and may precipitate HE, the
contrary may not be true.®? Thus, protein restriction is
no longer recommended.

Liver Transplantation

The development of HE in patients with cirrhosis is
associated with a survival lower than 50% at 1 year.83 For
this reason, liver transplantation should be considered in
these patients.84 Many countries have adopted the model
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Figure 3 Magnetic resonance imaging of the brain using fluid attenuation inversion recovery (FLAIR) in a female patient with
insulin-dependent diabetes mellitus and cryptogenic cirrhosis (probably secondary to nonalcoholic steatohepatitis) that was
diagnosed as HE in 1999, when she was 52 years old, using magnetic resonance. (A) The first magnetic resonance imaging,
performed while she exhibited minimal HE, showed an increase of the signal along the corticospinal tract. During the following
years, the patient experienced several bouts of HE and mild chronic manifestations (slurred speech, mild cognitive impairment).
(B) Magnetic resonance performed 8 years later during an episode of HE grade 3 showed diffuse periventricular white matter
lesions. (C) One month later, when HE was grade 1, white matter lesions were markedly reduced. (Data from Minguez B, Rovira
A, Alonso J, et al. Decrease in the volume of white matter lesions with improvement of hepatic encephalopathy. AUONR Am J

Neuroradiol 2007;28:1499-1500.)

for end-stage liver disease (MELD) system to prioritize
the allocation of organs to those recipients with worse
prognoses. The MELD has many advantages, but one
limitation is that it may underestimate the prognosis of
patients that had developed HE.* To the contrary, there
is a subgroup of patients who exhibit recurrent HE
associated with large spontaneous portal-systemic shunts
and relatively preserved liver function (that is, normal
bilirubin) who exhibit a better survival.”®

Liver transplantation improves HE, even in pa-
tients with severe manifestations.®*®” One difficulty in
assessing liver transplant candidates with cognitive dete-
rioration is to distinguish those with persistent HE from
other causes (for example, vascular cognitive impair-

ment, incipient Alzheimer’s disease). This is compli-
cated by the observation that focal white matter lesions
secondary to small-vessel cerebral disease markedly de-
crease in their volume after liver transplantation.71 Thus,
the presence of these lesions (even if extensive as in
Fig. 3) does not imply that the cognitive impairment is
of vascular origin. Similarly, mild to moderate brain
atrophy is found in the majority of patients with persis-
tent HE®® and does not necessarily indicate progressive
dementia. In patients with the prior findings in magnetic
resonance imaging, our practice is to attribute neuro-
logical manifestations to HE if they have a fluctuating
course and if magnetic resonance spectroscopy of the
brain shows high levels of glutamine and normal or only
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slightly decreased levels of n-acetyl-aspartate (a marker
of neuronal loss).

Prospective studies that have assessed neuropsy-
chological function following liver transplantation have
challenged the notion of complete reversibility of HE.%
It is possible that HE causes some irreversible sequelae.90
However, there are multiple factors that may affect
cognitive function following liver ’cransplantation.91
Neurological complications are frequent, especially in
the postoperative period.”? Special care should be taken
to avoid neurotoxicity of immunosuppressors and to
treat vascular risk factors, such as diabetes mellitus and
arterial hypertension, that are common following liver
transplantation. Patients who have experienced HE
prior to liver transplantation are more sensitive to
developing neurological complications. The diagnosis
of changes in mental state following liver transplantation
is challenging. A simple model of four preoperative
predictors (alcoholic or metabolic etiology, MELD
> 15, mechanical ventilation, nonelective transplanta-
tion) has been proposed to identify those patients at a
higher risk for neurological complications.93

Future Prospects

There are three main focuses of research that may
benefit patients with HE: drugs that decrease plasma
ammonia, measures to reduce brain edema, and
liver-support devices. Theoretically, the generation of
ammonia in the small intestine may be reduced by
inhibiting glutaminase.” However, since glutamine is a
major energetic substrate of the intestine this may result
in serious adverse effects.”* An alternative mechanism to
decrease ammonia is to increase the disposal by
stimulating the synthesis of nontoxic nitrogenous
compounds. Muscle may become an important organ
to enhance ammonia detoxification by conversion to
glutamine. L-ornithine-L-aspartate, which has under-
gone clinical evaluation” and is available in several
countries, and L-ornithine phenylacetate, a recent pro-
posal,”® provide intermediates for glutamine synthesis
and decrease plasma ammonia.

Hyponatremia, a common disturbance in patients
with advanced cirrhosis and ascites, enhances brain
edema.’”?8 Increasing plasma osmolality improves the
management of brain edema in fulminant hepatic fail-
ure.”” In cirrhosis, this can be achieved with aquaretic
drugs100 that, through this mechanism, may decrease the
incidence of HE. Specifically targeted anti-inflammatory
drugs do not seem to become a realistic approach in the
near future because there are multiple mediators that
may precipitate HE.?® Probiotic therapy, which has been
shown to improve minimal HE,'™ modifies intestinal
flora, decreases plasma ammonia, may diminish bacterial
translocation,'® and might reduce the induction of
inflammatory mediators. Liver-support devices, such as

the molecular adsorbents recirculating system (MARS)
might also play a role. MARS improves the grade of
HE!® independently of changes in ammonia and cyto-
kines, suggesting that other toxins, such as oxygen-based
free radicals, might be important.
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ABBREVIATIONS

CFF critical flicker frequency

CHESS  clinical hepatic encephalopathy staging scale
GABA  y-aminobutyric acid

HE hepatic encephalopathy

HESA hepatic encephalopathy scaling algorithm

MARS  molecular adsorbents recirculating system

MELD  model for end-stage liver disease

MMSE  mini-mental state examination

PHES psychometric hepatic encephalopathy score

TIPS transjugular intrahepatic portosystemic
shunt
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