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And I didn’t hesitate to follow the path of vocation and learning

When I felt full of comprehension and love,

Even when the steps seemed to be too short and the way immense.

I no he dubtat a seguir el sender de la vocació i aprenentatge

Quan m’acompanyava la comprensió i l’amor,

Tot i que els passos semblaven curts i el camí immens.

E non dubidei de seguir o camiño da vocación e a aprendizaxe

Cando tiña ó meu carón a comprensión e o amor,

Aínda cando os pasos asemellaban ser moi curtos e longuísima a estrada.

Y no he dudado en seguir el sendero de la vocación y el aprendizaje

Cuando me acompañaba la comprensión y el amor,

Aún cuando los pasos parecían cortos y el camino inmenso.



Preface



“Nothing worthwhile happens overnight. You have to put time and love to build

relationships, careers, spiritual connections. When you hurry the process, you

stagnate.

Or worse still, your impulsiveness can lead to build something with weak

foundations, which will collapse over time.

Today, do not hurry the important things. Practice patience and perseverance to

make sure your creations can be strong and stay a long time”

“Nada que valga la pena sucede de un día para otro. Tienes que poner tiempo

y amor en construir relaciones, carreras, conexiones espirituales. Cuando

apresuras el proceso, te estancas.

O peor aún, tu impulsividad puede llevarte a construir algo con cimientos

débiles, que se derrumbará con el tiempo.

Hoy, no apresures las cosas importantes. Practica la paciencia y la

perseverancia para que tus creaciones puedan ser fuertes y permanecer un

tiempo largo"
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1. Summary

Historically, hepatic encephalopathy has been considered a

reversible neuropsychiatric syndrome with the astrocyte as the

pathological target. Implementation of liver transplantation showed

the ability to improve cognitive and neuroradiological abnormalities

related to liver failure and on the other hand revealed persistence

of neuropsychological deficits in some cases. In addition,

neuroimaging studies performed in recent decades unfolded brain

atrophy in patients with chronic hepatic encephalopathy. Thus, last

years pointed that hepatic encephalopathy may cause structural

brain injure and sequels.

This research investigates the outcome of

neuropsychological function and brain structure following

successful liver transplant. Specifically, the effect of hepatic

encephalopathy and its outcome have been analyzed. Other

variables with suspected influence in the cognitive function were

also evaluated.

These objectives were assessed by a dual approach of

neuropsychological tests and magnetic resonance in longitudinal

studies.

A heterogeneous cognitive outcome was found after one

year of successful liver transplantation. Several pre-transplant

conditions can impair the pos-transplant neurological function.

Hepatic encephalopathy has been linked to a persistent damage

(predominantly in psychomotor function) in addition to alcohol
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abuse and diabetes mellitus. Besides, hepatic encephalopathy

was associated to a decreased brain volume evoking loss of brain

tissue. Spectroscopic analyses suggested neuronal loss with the

smaller brain volume.

At long-term, cognitive function remained stable unless de novo

neurological diseases cause cognitive decline. In fact, small vessel

cerebrovascular disease was associated with loss of memory in

those patients with accumulation of cardiovascular risk factors

such as diabetes mellitus and arterial hypertension.

Some factors implicated in neurological injury may not be

appropriately investigated due to methodological issues as

immunosuppressive drug effects or perioperative ischemia.

Additionally, the fact that other factors (e.g. alcohol, diabetes)

affect cognitive function make difficult to define the damage due to

hepatic encephalopathy. Despite these limitations, the present

research strongly suggests that hepatic encephalopathy is

associated with permanent structural injury and loss of neurons.

This concept is supported by other lines of evidence such as

activation of mechanism of cell death (oxidative/nitrosative stress,

energy impairment and inflammation) in hepatic encephalopathy.

Besides, neuronal loss has been previously demonstrated in other

neurological diseases associated with liver failure as cerebellar

degeneration and acquired hepatocerebral degeneration (non-

Wilsonian).
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It is important to note that persistent damage is mild and on

average, cognitive function after liver transplant remains within

normal range.

In order to establish a causal relationship further

investigation is required. However, the results of this research can

have important implications.

From a pathogenic perspective, the classical consideration of

hepatic encephalopathy as exclusively an astrocytic disease

needs re-evaluation.

From a clinical and prognostic point of view some considerations

must be taken into consideration. Strategies focussed on avoiding

or minimizing the occurrence of hepatic encephalopathy may

prevent cognitive decline, especially in those patients with other

neurological comorbidities and in those at risk of cognitive damage

as liver transplant candidates.
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2. Introduction

Implementation of new treatments is desirable since it reflects a

new hope in the fight against a disease.

Advanced liver failure is a common scenario mostly due to the

progression of chronic liver diseases. Despite a better knowledge

of the pathophysiology and new drugs development, end-stage

liver disease still carriers high rates of morbidity and mortality. The

development of liver transplantation (LT) together with

immunosuppressive therapies led to a great improvement in the

prognosis of patients with advanced liver disease. Many beneficial

effects were reported after successful LT as well as several

complications related to the perioperative management and to the

mandatory posttransplant immunosuppression.

A limiting factor is the organ availability, so the possibility of

transplants is dependent upon the generosity of society. Taking

these considerations into account, it is necessary to select patients

carefully to ensure there are both individual and global benefits.
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2.1.Cirrhosis and liver failure

Liver cirrhosis is a common feature of chronic liver diseases which

is frequently diagnosed in developed and developing countries.

The last report from World Health Organization (in 2004)

claimed that cirrhosis was the ninth cause of burden of disease in

the European region and mortality from cirrhosis was 8x105 for all

ages which represented 1.3% of total deaths in the World 2.

The only curative treatment of end-stage liver diseases is liver

transplantation. However, only 20% of patients with advanced

cirrhosis can finally receive a new liver owing to the great

imbalance between donation and potential recipients3.

Chronic liver disease may be due to a number of factors

including chronic viral hepatitis, alcohol abuse, metabolic

syndromes and auto-immune disorders among other causes. In

many cases, cirrhosis results from a combination of factors rather

than a single cause. Regardless of the aetiology, the persistent

insult results in hepatocyte necrosis, chronic inflammation and

fibrosis in different degrees145. The progressive damage is

associated with the distortion of the vascular bed, nodular

regeneration of the remaining liver parenchyma and loss of normal

cellular functions (figure 1).

Liver synthetic dysfunction results in the decrease in a range of

proteins such as coagulation proteins, glycoproteins, lipoproteins

and albumin.
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In parallel, there is an accumulation of substances usually

metabolized and excreted by liver cells as bilirubin and ammonia.
Figure 1

Changes in the hepatic

architecture (A) with

hepatic fibrosis (B).

Following chronic liver

injury inflammatory

cells infiltrate the

hepatic parenchyma,

some hepatocytes

undergo apoptosis,

fibrosis is activated and

changes in vascular

bed causes increase

resistance to blood

16
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Besides, liver is a crucial organ in the metabolism of biological

substance such as cholesterol, steroids, and phospholipids and

also plays an important role in the metabolism of exogenous

substances such as drugs. In addition, alteration in the

intrahepatic vascular bed in liver diseases causes an increase in

the portal pressure which results in splanchnic arterial

vasodilatation and consequently leads to a high cardiac output, a

reduced peripheral vascular resistance and arterial pressure.

Compensatory mechanisms to recover the underfilling of the

arterial circulation subsequently become activated such as

sympathetic nervous system, renin-angiotensin-aldosterone

system and, in late stages, hypersecretion of arginine vasopressin.

Recent research has shown that bacterial translocation from

flow.
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intestinal lumen to the mesenteric lymph nodes171 and the

systemic inflammatory response syndrome (SIRS)149,171 have an

important role in the pathogenesis of multiorgan involvement in

cirrhosis.

All these abnormalities enhance the progression of liver

decompensation as well as impairing the normal function of other

organs56 (figure 2).

Major advances have been made in recent years to both prevent

and treat the common complications of cirrhosis such as variceal

bleeding, ascites, spontaneous bacterial peritonitis and

encephalopathy. However, in advance liver failure morbidity and

mortality still remain high without LT145.

Figure 2.

Splanchnic and

systemic vascular

abnormalities in

cirrhosis and the

association with

multiorgan failure56
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2.2.Hepatic encephalopathy

Hepatic encephalopathy (HE) is characterized by a wide

spectrum of neurological manifestations that can be classified

according to the underlying liver disease50. HE can be seen in

acute liver failure, where it constitutes the clinical hallmark of this

disorder172. In rare cases, HE develops in the absence of any sign

of parenchymal liver disease and is solely caused by portal-

systemic shunting either congenital malformation or by surgical

induction. The most frequent situation is in the setting of liver

cirrhosis, usually accompanied by extrahepatic portal-systemic

shunts (spontaneous or surgical). In fact, HE is a common

complication that occurs in 30-45% of cirrhotic patients8,136

whereas minimal hepatic encephalopathy, characterized by

subclinical deficits, affects approximately 20-60% of patients with

liver disease47,61,66,88,136. According to the clinical evolution50 HE

can be episodic, persistent or minimal (table 1).

TYPES SUBTYPES FEATURES

Episodic¶

Precipitated Acute change in mental state induced by:
gastrointestinal haemorrhage, constipation,
excessive protein intake, infection, renal failure,
dehydration, electrolyte disturbance

Spontaneous Without recognized precipitating factors. Usually
associated with large portosystemic shunts
(spontaneous, surgical, TIPS)

Mild Chronic cognitive or motor manifestations that
Table 1.

Classification of

hepatic

encephalopathy

in cirrhosis

Adapted from
50
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Persistent
impact negatively on social and occupational
activities but do not cause dependency

Severe Chronic symptoms that cause dependency

Minimal

Cognitive disturbances detected by
neuropsychological or neurophysiological test
that are not evident in the standard neurological
examination

Patients with HE in the setting of acute liver failure, portosystemic shunting
without intrinsic liver disease and acute-on-chronic liver failure are classified
separately.
¶ Recurrent HE means 2 or more episodes of HE within the last six months.

Ferenci P et al
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Historical approach

The association between liver and brain function has been

known for a long time. Hippocrates (460-370 B.C.) recognized

paroxysms of mania complicating acute jaundice. A large variety

of symptoms were described over centuries but it was in the

1950’s when Adams and Foley5 (1953) first give a comprehensive

clinical and pathological description of hepatic coma and Sherlock

et al (1956) had a in-depth analysis of the neuropsychiatric

syndrome associated to cirrhosis, portosystemic vascular

alterations and intolerance of nitrogenous substance158. In 1952,

Phillips et al demonstrated deranged nitrogen metabolism in HE

inducing the same clinical and electroencephalographic alterations

in a group of patients after the administration of large amounts of

dietary proteins, ammonium salt or urea129. Successive years of

twentieth century led to a better knowledge of anatomy and

physiology of liver and to a better understanding of the

neuropsychiatric syndrome associated to liver disease and its

neuropathological substrate. The first description of the brain

changes in liver disease was given by von Hösslin & Alzheimer72

in 1912. They depicted thinning of the cerebral cortex,

enlargement of the lateral ventricles, lenticular degeneration and

presence of astrocytes with enlarged, pale nuclei with peripheralFigure 3.

Alzheimer type II

astrocyte showing

nuclear enlargement

(arrow) with

chromatin displaced

to the periphery 70
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margination of chromatin and often prominent nucleoli commonly,

known as Alzheimer type II astrocytes (figure 3).

Since then, numerous reports with concordant findings have

been published. In contrast to these well-established astrocytic

alterations, neuronal changes were seldom reported. In routine

histopathological studies neurons appear to be normal in shape

and number. However, several reports illustrated neuronal

alterations in both human and animal models of cirrhosis. Adams

and Foley5 observed in a cohort of patients who developed hepatic

coma nerve cells degenerated in the cerebral cortex, thalamus,

lenticular, red and dentate nuclei in the most severe cases of the

neurologic syndrome but not in the less critical. These findings

were confirmed in a systematic description of the neurological

syndrome afterwards labelled as acquired hepatocerebral

degeneration (AHCD)167 (figure 4) and confirmed by other

authors52 several years later. Neuronal cell loss was also

observed in a systematic neuropathological study of cerebellar

sections of 36 patients who died in hepatic coma91. Interestingly,

loss of Purkinje cells was observed in 50% of patients without prior

history of alcohol abuse. Reproducible data was obtained in

different animal models of HE such as carbon tetrachloride

induced liver disease or porto-caval shunt33,48.
Figure 4.

Severe neuronal

loss in deep layer of

cerebral cortex and

replacement by

astrocytes and
Page 25

microgliacytes167
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Pathogenesis

The mechanisms involved in the pathogenesis of HE

remain unknown and many factors could be implicated in the

development of this syndrome. Liver failure causes an increase in

the exposure of the brain to several substances that under normal

circumstances are efficiently metabolized by the liver; those that

have a high first pass metabolism across liver are the most

important, as shown by the major role of portal-systemic shunting

in the development of HE. Other factors that are commonly

present in patients with liver failure and can cause deterioration in

neurological function are inflammation, circulatory derangements,

nutritional deficits, comorbidities and other organ failures.

I. Ammonia toxicity. Ammonia has been historically considered the

most important factor in the genesis of HE (Figure 5). Under
Figure 5.

Interorgan

ammonia

trafficking and

metabolism.

Portal-systemic

shunts and liver

failure cause a rise

in blood ammonia

that affects brain

function inducing

several

disturbances in

astrocytes. Muscle

is capable to

decrease ammonia

metabolizing

ammonia to

glutamine. Kidney

participate

excreting urea and

generating
Page 26

ammonia43
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normal circunstances, ammonia is produced by the gut with an

important contribution from colonic bacteria. Its concentration in

portal blood is high, and a high extraction occurs in the liver119.

In addition to the intestine and the liver, kidney and muscle also

contribute to the regulation of the arterial ammonia level123. In

muscle, ammonia is converted into glutamine through the action

of the enzyme glutamine synthetase. The ability of the muscle to

“neutralize” appreciable amount of blood-borne ammonia

becomes important to regulate arterial ammonia in context of

liver failure and highlights the importance of maintaining an

adequate muscle mass. Patients with HE have an increased

diffusion of ammonia into the brain in relation to an increase in

arterial ammonia87. In the brain, ammonia is metabolized to

glutamine in astrocytes, where ammonia or glutamine exerts

their toxic effects. Recent data provide more information on the

mechanisms by which ammonia causes neuronal disturbances,

but a complete explanation is still lacking71. Signs of oxidative

stress, such as protein tyrosin nitration, have been found in

experimental preparations. In addition to protein damage,

ammonia induces RNA oxidation, which may have multiple

effects in neurotransmission and postsynaptic protein

synthesis144.

II. Inflammation. The presence of SIRS has been linked to the

development of HE in fulminant hepatic failure165 and

cirrhosis148. The activation of inflammatory mediators, such as



Introduction

Page 28

cytokines, may modulate the effect of neurotoxins on the brain.

Peripheral inflammation may signal the brain through the

activation of vagal afferents103. Other mechanisms of

transduction of signals into brain are binding of cytokines to

receptors in cerebral endothelial cells or direct access of

cytokines into brain tissue at sites lacking blood-brain barrier20.

Inflammation may also be localized in the brain. Microglial

activation and proinflammatory cytokines synthesis has been

shown in experimental models of acute liver failure81.

Neuroinflammation has an important role in many neurological

diseases. In HE, activation of inflammation in brain tissue may

increase blood-brain barrier permeability, resulting in generation

of intracerebral mediators of inflammation and cause astrocytic

swelling70,77.

III. Circulatory Dysfunction. There is a close relationship between

renal and cerebral circulation in liver failure. In advanced liver

failure, both organs lose their property of vascular

autoregulation155. In patients with cirrhosis and ascites, there is

renal and cerebral vasoconstriction, which is probably related to

arterial hypotension and to the overactivity of vasoconstrictor

systems63. The clinical experience also links renal failure to HE.

In patients with advanced cirrhosis, an increase in serum

creatinine and a decrease in serum sodium are the two most

important factors involved in the recurrence of HE62.
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Abnormalities on the brain function

I. Astrocytes. The distinctive neuropathological alteration in HE is

Alzheimer type II astrocyte. Glutamine is generated in the

astrocytes during the detoxification of ammonia through the

amidation of glutamate. The accumulation of glutamine causes

an increase in intracellular osmolality40 or induce mitochondrial

injury by the activation of the mitochondrial permeability

transition7. The change in the state of cellular hydration causes

impairment of several metabolic pathways and has been

proposed to be responsible for brain edema and for neurological

manifestation of HE70. Factors that precipitate HE such as

inflammation, hyponatremia and benzodiazepines can

exacerbate swelling57. Mechanisms by which abnormal glial cells

can influence neuronal function include interaction with

glutamate reuptake25 and activation of peripheral-type

benzodiazepine receptors, causing increased synthesis of

neurosteroids that are powerful ligands of the GABAA receptor

(an inhibitory neurotransmitter)6.

II. Neurotransmission. Multiple abnormalities of neurotransmitter

systems have been described in animal models of HE, including

disturbances in the excitatory glutamatergic111 and inhibitory

GABAergic117 neurotransmitter systems. Some supportive data

are provided by studies on human brains97 and by neuroimaging

techniques. However, it is difficult to relate the complexity of

neurotransmission disturbances to the neurological
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manifestations. Several therapeutic attempts have been

conducted to restore disturbances in neurotransmission with

specific drugs, but the results have not been remarkable14.

III. Energy impairment. The brain is the tissue with the highest

energy requirements in human body and depends entirely on the

process of glycolysis and respiration within its own cells to meet

its energy demands. In HE, a decrease in consumption of

oxygen and glucose is accompanied by a decrease in cerebral

blood flow74. It is not possible to distinguish whether the

decrease in oxygen consumption is a cause or consequence to

the encephalopathy. The current interpretation is that energy

impairment is secondary to decrease in neuronal function, as in

other metabolic encephalopathies. However, another

explanation is the direct effect of ammonia on energy

metabolism causing neuronal disturbances174. In fulminant

hepatic failure, and possibly in acute-on-chronic liver failure,

disturbances in energy metabolism may have an important

participation on the clinical picture. In patients with acute liver

failure increase in brain lactate, indentified by brain microdialysis

is followed by surges of high intracranial pressure161.

Furthermore, an increase in plasma lactate is a well-recognized

prognostic factor in fulminant as well as acute-on-chronic liver

failure35. Experimental models have shown that the increase in

newly lactate synthesized in the brain rise in parallel of brain

water in the intracellular compartment34. Ammonia may impair
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glycolysis, because it inhibits α-ketoglutarate dehydrogenase, 

the rate-limiting enzyme of the tricarboxylic acid cycle24, and may

have a direct toxic effect on the mitochondria7. An alternative

explanation is that lactate is generated aerobically by excess

glutamatergic activation127, induced by excessive amidation of

glutamate, secondarily to an increase in brain ammonia.

Irrespective of the mechanism involved, a drop of brain pH can

cause injury at multiple levels, including astrocyte swelling156.

IV. Brain edema. Brain edema is a recognized event in acute and

chronic liver failure and can be identified by direct146 and

indirect138 techniques of magnetic resonance (MR). The major

factor involved in the development of brain swelling is the

increase in plasma ammonia38. Others factors such as

hyponatremia may enhance the effects of ammonia41. An

intriguing finding is the different distribution of water in acute and

in chronic liver failure, suggesting different pathogenic

mechanisms. In acute liver failure, brain water is mainly located

in the intracellular space34, meanwhile in chronic liver failure is

mostly extracellular104. Brain edema has been proposed to have

major consequences on neuronal function70, but good evidence

is lacking. The increase in volume of the brain inside a rigid skull

can cause intracranial hypertension and finally brain herniation,

which is responsible for a significant number of deaths in

fulminant hepatic failure. Compensatory mechanisms that

require chronic induction, a lower plasma ammonia levels and a
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smaller brain volume explain why intracranial hypertension is

seldom seen in cirrhosis49. In fulminant hepatic failure and

possibly in acute-on-chronic liver failure, cerebral vasodilatation

and loss of autoregulation may worsen brain swelling93.

Measures that decrease cerebral vasodilatation also decrease

intracranial pressure37.

V. Brain atrophy. Different neuroimaging techniques101,173 as well

as neuropathological studies65 have proven brain atrophy in

patients with chronic HE. The prevalence and the degree of

atrophy were higher among the alcoholic patients. This feature

could be explained by the fact that alcohol causes a dose-related

brain atrophy which is partially reversible with abstinence128. On

the other hand, this could be underestimated due to the

coexistence of brain edema. A plausible explanation could be

that exposure to toxins involved in the pathogenesis of HE could

also cause loss of brain parenchyma. This hypothesis is

supported by the neuropathological demonstration of neuronal

loss in severe neurological manifestations of liver failure52,167.

Assessment of HE

Hepatic encephalopathy is a syndrome with a wide

spectrum of clinical manifestations that typically fluctuates during

the course of the disease. Quantification of these clinical

manifestations is useful for monitoring the clinical course and

assessing the effect of therapeutic interventions. In contrast to the
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traditional view that considered HE a categorical disease which

progress from normal cognition (normal clinical exam and

psychometric tests) to minimal HE (normal clinical exam and

abnormal psychometric test) and to grade I-II (abnormal clinical

exam and psychometric test), the current interpretation is that HE

is a continuum cognitive impairment13. Those patients with

cognitive disturbances (even if not obvious on clinical exam) are

considered to have low-grade HE if the deficit is not severe

enough to qualify as confusional syndrome (acute episodic HE) or

dementia69. The available tools to assess HE have several

limitations because some of them require patient collaboration and

are limited by the consciousness state. So, the approach is

different in acute episodic HE (were confusion is common and the

clinical scales to grading HE are more useful) and in low-grade HE

(were confusion was ruled out and the neuropsychological

assessment is more valuable).

I. Clinical scales for grading episodic HE. These scales evaluate the

presence of neurological manifestations. Although their

standardization is still in initial phases116, their expert use provides

worthwhile assessment.

a. West Haven Scale: Arbitrary method that establishes four

stages of HE according to the existence of multiple

manifestations for each stage. The lack of specific definition

for each stage leads to an intuitive and subjective use of

this classification. This limitation does not invalidate its
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application to individual cases but diminishes its usefulness

in clinical trials42,64.

b. Hepatic Encephalopathy Scaling Algorithm (HESA). HESA

combines clinical indicators with validated

neuropsychological tools and well defined criteria for each

stage67 but requires staff training.

c. Clinical Hepatic Encephalopathy Staging Scale (CHESS).

In contrast to other scales, CHESS was developed without

a previous arbitrary definition of severity of HE124. Forty-

eight items were evaluated in 36 patients. Nine items were

finally selected by a group of experts applying principal

component analysis. This scale shows good index of

internal consistency, reproducibility, criterion-related validity

and external responsiveness but requires further validation.

d. Glasgow coma Scale. Initially developed to assess

posttraumatic coma, it is recommended to complete the

assessment in severe cases of EH50 in combination with

other scales.

II. Neuropsychological tests. These tools measure cognitive

functions (for instance memory, attention, motor or visuospatial

skills) relevant in daily life. For this reason they are better than

neurophysiologic tests and more appropriate for patients without

impaired consciousness but confusion should be excluded before

their application133.
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a. Expert neuropsychological assessment: This is considered

as the best method to demonstrate cognitive deficits.

Patients are requested to complete a series of tests which

ideally are adjusted by confounding factors such age,

gender and education and them compared to normative

standards and interpreted by neuropsychologist. The result

is suggestive but not specific for the disease.

b. Short neuropsychological batteries: These

assessments105,114,169 include a limited number of tests

conducted by a trained technician and typically take less

than 30 minutes. They are weighted to detect those deficits

that characterize low-grade HE (attention, motor and

executive function) and represent an alternative to expert

examination. These batteries do not differentiate minimal

from persistent low-grade HE and also have the limitation of

learning effect in case of repeated testing.

III. Neurophysiological test. These techniques examine the electrical

activity of the brain. They have the advantage of being objective

and useful for repeat testing due to lack of learning effect but

require equipment.

a. Electroencephalogram. This technique has been used in

varying degrees in HE and five grades of severity have

been established (from normal to coma).

b. Evoked potentials. These measures are not suitable for

severe cases of HE as they require patient’s cooperation.
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c. Critical Flicker Frequency. This technique requires patient’s

collaboration and have been purposed as a diagnostic

method for minimal HE88.

IV. Neuroimaging. In patients with cirrhosis, MR is useful in exclusion

of alternative diagnosis such us Wernicke’s encephalopathy, viral

encephalitis or stroke and is capable of detecting abnormalities

that are characteristically present in the brain of patients with

cirrhosis that develop HE138:

a. Paramagnetic substances in basal ganglia. A high signal

intensity on T1-weigthed images typically in globus

pallidus92 is a common feature and probably caused by

deposition of Manganese. The intensity of the signal is not

related to the severity of HE154 but its absence in cirrhotic

patients with neurological symptoms suggests an

alternative diagnostic.

b. Brain atrophy. The decrease in brain size has been

associated with cirrhosis, more often in cases of alcohol

aetiology101,173. The brain atrophy related to alcohol abuse

is partially reversible after abstinence. However, the

mechanism which induces brain atrophy in cirrhosis

remains unknown.

c. Brain edema. Increase in brain water in liver failure has

been shown using MR techniques in patients with chronic

liver failure146 and in experimental models with laboratory

methods34. The location and severity of brain water appear
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to be different according to the duration and degree of liver

failure. Acute liver failure causes intracellular edema that

can be severe and leads to brain herniation132 while chronic

liver failure induces low-grade interstitial edema84.

Magnetization transfer (MT) imaging39,75,141, fast fluid-

attenuated inversion recovery (FLAIR) imaging140 and

diffusion-weighted imaging (DWI)84,104 are sophisticated MR

techniques more sensitive than the conventional sequences

to show changes in the brain tissue water content. In

chronic liver failure, the decrease in the MT ratio, the high

signal in the corticospinal tract in FLAIR sequences and

increase in brain water diffusivity are consistent with brain

edema138 (figure 6).

d. Changes in organic osmolytes/ammonia related-

metabolites. MR-spectroscopy reveals a typical pattern in

HE: an increase in glutamine and a decrease in the choline-

containing and myo-inositol peaks90. These features are

related to the metabolism of ammonia in astrocytes which

Figure 6.

T2-weighted fast FLAIR

images in a patient (A)

during an acute episode

of HE (B) few months

later without signs of HE.

Increased signal

intensity along

corticospinal tract almost

reverses on the follow-

up. The most plausible

explanation for this

finding is mild brain

edema138
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incorporates glutamate and ammonia to glutamine. This

leads to astrocyte swelling and to a compensatory osmotic

response: decrease in myo-inositol and choline containing

compounds96. The intensity of these alterations has been

linked to the severity of HE99 (figure 7).
Figure 7.

1HMR spectroscopy

in normal appearing

white matter region in

healthy control and

cirrhotic patients.

Comparison of the

spectra shows a

decrease in choline

and myo-inositol with

an increase in the

glutamic/glutamine

region in the cirrhotic
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Prognosis

HE is traditionally considered a symptom of liver failure with

worrying considerations. However, the prognosis is not uniform

and is dependent on the severity of the underlying liver condition

and the patient’s neurologic function.

In acute liver failure is a marker of the disease130 and often

associated with high morbidity and mortality without liver

transplant73.

In cirrhosis, the development of HE have been associated

with a poor prognosis23,36,143. However, the outcome is

patient44.
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heterogeneous and dependent on the severity of liver

insufficiency, neurological manifestations and the precipitating

factor19,157. In agreement, the prognostic MELD score (Model for

End Stage Liver Disease)85 initially developed to predict mortality

within three months of cirrhotic patients who undergo to

transjugular intrahepatic portosystemic shunt (TIPS) did not

include this variable. The prognosis after HE is clearly related to

the severity of liver failure23 and for this reason patients who

develop HE should be evaluated for LT.

2.3.Liver transplantation

Liver transplantation advanced from an experimental therapy in

the 1960s to a conventional treatment in the 1980s for a wide range

of acute and chronic liver diseases109. The cornerstone in this

challenge was the improvement in technical procedure together with

the development of immunosuppressive drugs which prevented

allograft rejection. Since 1990s, the number of LT and the survival

rates have significantly risen in Europe (figure 8A) and all around the

world (figure 8B). Thus, the main objectives of LT have been

achieved as improved life expectancy122 and better quality of life51.

In parallel, there has been an increase in identification of subjects

requiring LT. The true number of patients who might benefit from

liver replacement is not known. From the diagnosis of liver failure

towards gain a LT (referral to a transplant centre, evaluation and

acceptation for liver transplant and reach the replacement) only less
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than 20% of patients finally gain access to an organ109. This is partly

related to the severe donor shortage which clearly affects every

patient with liver failure and leading to the current LT practice.

Figure 8.

A: Evolution of

number of LT

in Europe.

B: Survival of

recipients in

Europe

according with

the year of LT1
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2.4.Hepatic encephalopathy and liver transplantation

Many of the liver transplant candidates exhibit cognitive

disturbances110. These abnormalities can be related to the etiology

of cirrhosis (alcohol abuse), complications of liver failure (hepatic

encephalopathy, hyponatremia), or extrahepatic comorbidities

(cerebrovascular disease, age, Alzheimer disease)22.

The benefits of successful LT include the improvement in clinical

symptoms of HE9,102,107,115,121,125, even in those patients with severe

manifestations95 such as hepatic myelopathy11,29,89,118,162,170 and the

neuroradiological alterations associated with liver failure39,139,142.

However, studies that addressed cognitive function post-LT found

heterogeneous outcome with persistence of some neurologic

deficits108,153,159, even at long-term102. Tarter159 and

Mechtcheriakov108 described an improvement in the majority of the

explored cognitive domains after LT but also reported a lack of

normalization of some of them when these subjects were compared

to healthy controls. However, these authors failed to find any

association with clinical conditions and the cause of these

abnormalities could not be established. In a post-LT cross-sectional

study Sotil et al153 described a relationship between the

development of HE prior to LT and a more pronounced cognitive

dysfunction after LT. Nevertheless this study had several limitations

such as lack of neurological structural data, the relatively small

sample size and lack of longitudinal assessment. These factors

restricted the interpretation of HE as cause of the post-LT deficits.
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In the few cases of reported hepatic myelopathy, the outcome was

heterogeneous29,45,118 with lack of any improvement 6 months after

LT in some of them118.

Despite the limitations, these investigations support the notion that

HE is associated with permanent sequels10,137 challenging the

classical view of HE as a fully reversible condition. In addition, this

hypothesis is supported by the recent observations revealed by

longitudinal studies performed in cohorts of patients who developed

HE. A recent study conducted by Bajaj et al, showed that the

patients who suffered episodic HE did not improve psychometric

parameters despite repeated testing which implicates “lack of

learning”12.The same feature was observed with different

psychometric test in other populations100,134 confirming the

persistence of neurological deficits after HE.

The existence of sequels due to HE is not fully clarified and this

question is an important one. From a pathophysiological point of

view the axiom of HE as a pure gliopathy requires further

investigation. From a clinical and prognostic perspective this could

have implications in the setting of LT, where the demonstration of

sequels could lead to review the priority criteria in LT candidates. On

the other hand, in patients who are not LT candidates,

implementation of preventive therapies could have beneficial effects

on cognitive decline. For these explained reasons additional

longitudinal studies with new tools to evaluate potential permanent

neurological damage caused by HE are need. Ideally, these studies
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should control all the other factors that could affect the cognitive

function.

2.5. Comorbidities with potential neurological damage

Liver transplant represents an ideal scenario to explore cognitive

function once the liver function has been restored. For this reason,

liver transplant recipients with normal liver function are the best

population to analyse the possible sequels of HE. However, this

issue is much more complex due to the following reasons:

a) Many factors can impact postransplant cognitive function of a

patient apart from prior HE. These issues include pretransplant

conditions (alcohol abuse, liver failure complications such as

hyponatremia, extrahepatic neurological diseases such as

cerebrovascular or Alzheimer disease), peritransplant factors (eg:

ischemia associated to cerebral hypoperfusion), and postransplant

events as direct effects of immunosuppressor drugs,

cerebrovascular disease, or persistence of minimal HE due to

portosystemic shunts that remain after LT10.

b) Neurological complications after LT such as metabolic

encephalopathies, seizures or infections of central nervous system

are very common30 affecting as many as 13%-43% of patients4 and

may be responsible of sequels.

All these factors can act in parallel or synergistically with HE and

should be taken into consideration in the studies addressed to

evaluate the effects of HE on the postransplant cognitive function.
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3. Hypothesis

I. Hepatic encephalopathy is a metabolic syndrome with a

reversible behaviour associated to the correction of the

precipitating factors. However, brain’s exposure to these

pathogenic mechanisms could lead to an irreversible

neurological damage.

II. The irreversible neurological damage may be revealed in LT

recipients with good liver function once the metabolic alterations

associated with the liver failure are fully resolved.

III. Permanent neurological damage is manifested as loss of normal

neurological function and can be demonstrated by

neuropsychological studies.

IV. The structural basis for this permanent damage can be related to

the loss of brain tissue that includes neuronal loss. This loss of

brain tissue could be determined with accurate neurological

imaging as non-invasive methods.

V. Other factors could impair the neurological function, these may

act synergistically or additively with HE.
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4. Objectives

I. To describe the neuropsychological outcome in cirrhotic patients

after liver transplantation at short and long-term.

II. To describe the brain structure and volume in cirrhotic patients

after liver transplantation at short and long-term.

III. To determine the brain metabolites in cirrhotic patients following

liver transplantation in order to account for the changes induced

by ammonia exposure and relative concentrations of neuronal

metabolites.

IV. To analyze the influence of prior hepatic encephalopathy in

neuropsychological and neuroradiological outcome.

V. To estimate the effect of other factors that could have an impact

in the postransplant neuropsychological and neuroradiological

evolution.
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5. Patients methods and results

5.1. Study I

García-Martínez R, Rovira A, Alonso J, Aymerich FX, Huerga E, Jacas

C, Simón-Talero M, Vargas V, Córdoba J.

A Long-Term Study of Changes in the Volume of Brain Ventricles and

White Matter Lesions After Successful Liver Transplantation

Transplantation • Volume 89, Number 5, March 15, 2010

Comment in:

Nat Rev Gastroenterol Hepatol. 2010 May;7(5):239.
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5. Patients methods and results

5.2. Study II

García-Martínez R, Rovira A, Alonso J, Jacas C, Simón-Talero M,

Chavarria L, Vargas V, Córdoba J.

Hepatic Encephalopathy Is Associated With Posttrasplant Cognitive

Function and Brain Volume

Liver Transplantation 17:38-46, 2011
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5.3. Supplementary material I

Juan Córdoba and Rita García Martínez

Hepatic Encephalopathy and Alterations of Cerebral Function

Clinical Gastroenterology: Chronic Liver Failure

Edited by: P. Ginès et al

© Springer Science + Business Media, LLC 2011



Patients methods and results

Page 65



Patients methods and results

Page 66



Patients methods and results

Page 67



Patients methods and results

Page 68



Patients methods and results

Page 69



Patients methods and results

Page 70



Patients methods and results

Page 71



Patients methods and results

Page 72



Patients methods and results

Page 73



Patients methods and results

Page 74



Patients methods and results

Page 75



Patients methods and results

Page 76



Patients methods and results

Page 77



Patients methods and results

Page 78



Patients methods and results

Page 79



Patients methods and results

Page 80



Patients methods and results

Page 81



Patients methods and results

Page 82
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Hyponatremic and hepatic encephalopathies: similarities, differences
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Prognostic Assessment in Patients with Hepatic Encephalopathy

Disease Markers: Diagnostic and prognostic markers in liver cirrhosis
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Acute-on-Chronic liver failure: the brain.
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6. Discussion

Hepatic encephalopathy is a common complication of liver

cirrhosis and its pathogenesis is incompletely clarified. Although many

advances in recent years have led to a better understanding of the

disease, an in-depth knowledge of its cause is still awaited perhaps

partly due to lack of accurate methodology. The brain is not readily

available for pathological studies and the reproduction of the entire

syndrome in animal models is still unsatisfactory28. Multiple obstacles

hinder further investigations in defining HE as a fully reversible disease.

The study of possible sequels of hepatic encephalopathy and its

structural basis were addressed in the present research using the

available non invasive technology. Essentially, this research confirmed

the improvement of cognitive and neuroradiological abnormalities related

to liver failure after LT which has been previously assessed.

Importantly, we observed a heterogeneous outcome in the cognitive

function and confirmed the association of HE with a worse neurological

function. In addition, we found a relationship between HE and smaller

brain volume which could represent a structural basis for this permanent

damage. Furthermore, an indirect measure of presence of neurons such

as N-Acetyl-Aspartate/creatine suggests neuronal cell loss.

It is worth noting that although these sequels are mild and in average,

the cognitive function in LT recipients is good, these defects could have

important implications as the subjects are also at risk of other

neurological insults.
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I. Cognitive function after LT

Previous studies performed in patients showed an improvement in the

neurological9,29,95,102,107,115,121,125 and radiological

abnormalities39,139,142 during the first year after LT. The same findings

were reproduced in our studies. We identified an improvement in all

the explored cognitive indexes during the first year post-LT in both of

our studies. However, we identified 2 patients in the first study and 7

in the second one who did not achieve a normal cognitive function.

The second study found that prior to transplant medical conditions

such as alcohol abuse, diabetes mellitus and prior HE were linked a

worse posttransplant neurological status. The assessment performed

at long-term (nine years after LT) indicate that after 1 year, the

neurological function remains stable unless posttransplant de novo

comorbidities impair the cognition. In fact, the prevalence of vascular

risk factors in this population is high and the patients are at risk of

cardiovascular events53,83,106,150. So, the patients with the most

prominent expression of small vessel cerebrovascular disease

(largest increase in WMLs) exhibited a neurological deterioration in

the long-term follow-up period with memory decline. An accumulation

of cardiovascular risk factors was significantly higher among these

subjects. In summary, prettransplant conditions and post-LT events

influence the cognitive outcome (figure 9).

There are important limitations in these studies. As the neurological

function after LT is affected by several factors, it is difficult to assess

each condition separately. As a result, estimation of the burden
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of HE on the posttransplant cognition is difficult to ascertain. From our

results we can conclude that presence of HE is linked to a permanent

impairment of mainly motor function.

On the other hand, other factors that could affect cognition may not

have been properly investigated in our studies, in part due to

methodological difficulties. Perioperative ischemia and changes in

brain fluxes could also harm brain structure and function.

Posttransplant neurological events (seizures, central nervous system

infections, other metabolic encephalopathies…) may also be

responsible of neurological outcome. Immunosuppressive drugs may

directly cause cognitive impairment. All the participants in our studies

consumed immunosuppressive drugs. However, different regimens or

plasma levels were not associated with the brain function. Although

we cannot exclude their participation, our results suggest that HE

increase the susceptibility to persistent deficits.

Figure 9.

Evolution of cognitive

function after LT. An

improvement associated

to the correction of liver

failure during the first

year is expected.

Accumulation of

pretransplant conditions

increases the risk of

permanent sequels.

After 1 year, the

cognition is stable

unless de novo

postransplant

comorbities impair the

neurologic state.
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II. Brain volume (BV) after LT

Neuroimaging techniques used in human studies with diseases

characterized by cognitive decline revealed different abnormalities

providing the structural basis for the neurological dysfunction.

Two-dimensional measurement of ventricular size is an indirect

measure of brain volume in the absence of hydrocephalus163 . In the

longitudinal assessment performed in the group of 22 patients (study

I) we observed an enlargement of lateral ventricles at short and long-

term after LT. In parallel we observed an improvement in the

neuropsychological function at short-term and a stable function at

long-term with deterioration in the subgroup with higher

cardiovascular risk suggesting different pathogenic mechanisms.

There is a growing body of evidence that imply the presence of low

grade brain edema in cirrhosis which improves with liver transplant

39,68,70,84,112,126,139,146. Our results are in concordance with these

findings. The resolution of low grade brain edema is the most

plausible explanation for the decrease in the brain volume with

improvement of neurological function. After one year the decrease in

the BV was related to the age of the patients and the cerebrovascular

disease indicating that an appropriate treatment of the cardiovascular

risk factors could be useful in preventing the cognitive decline.

Interestingly, we observed a smaller BV in the patients compared with

healthy controls matched by age. However, we did not find any

association with prettransplant conditions in this relatively small

cohort. In the second study, an accurate MR volumetric method151,152
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linked the prior HE to the posttransplant normalized BV. So, patients

with prior HE exhibited a smaller posttransplant normalized brain

volume compared with those without prior HE and with same age.

The lack of longitudinal assessment together with other factors such

as ischemia and immunosuppression that may have not been

adequately investigated in this study makes us to interpret this finding

with caution. Nevertheless, prior neuroradiological18,101,173 and

neuropathological65,91 studies described the presence of brain atrophy

in cirrhotic patients even in those with no history of alcohol abuse.

Our results are in agreement with the previous reports and support

the notion that HE causes loss of brain parenchyma.

III. Role of HE in the cognitive function and brain volume after LT

The findings of this research indicate that HE is associated with a

permanent detrimental effect on the cognitive function. In the same

group of patients, HE is associated with a smaller normalized brain

volume. To the best of our knowledge this is the first report that

defines a link between HE and permanent functional impairment at

the same time with a smaller BV. In spite of the limitations of this

research that requires further investigations, this study support the

hypothesis of a permanent damage associated with HE due to loss of

brain tissue. The relationship between the smaller brain volume and

the lower concentration of N-Acetyl-Aspartate/creatine (NAA/Cr)

indicate that neurons are involved in the decrease of brain volume.



Discussion

Page 129

NAA is synthesized from aspartate and acetyl-coenzyme A in

neurons and is involved in synthesis of myelin by oligodendrocytes

and bioenergetic metabolism of neuron in mitochondria113 (Figure 10).

NAA is considered a neuronal marker that indicates presence and/or

function of neurons. It has been demonstrated that there is a

decrease of NAA/cr in several neurodegenerative diseases as

Alzheimer disease86,168, multiple sclerosis31,98, epilepsy21,166 or

stroke54,55.

Loss of neurons in HE is the most plausible explanation for the results

of this research and this is supported by the following evidence:

Figure 10.

Synthesis and metabolism

of NAA in brain. NAA is

synthesized in neuronal

mitochondria and can

either be transported to

oligodendrocytes for fatty

acid synthesis or energy

production or can be used

for synthesis of

N-acetylaspartylglutamate

(NAAG) in neurons which

is release with other

transmitters. Then can be

hydrolyzed by astrocytes

into NAA and

glutamate
113

.
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a. Mechanisms of neuronal cell death are activated in HE.

 Oxidative/nitrosative stress and mitochondrial dysfunction

may lead to cell death as was shown in multiple

neurodegenerative process79. Evidence for their activation in

liver failure76 and their participation in HE17,120 derive from

human observations59, animal studies94 and cell culture

investigations60.

 Energy impairment and increased of brain lactate34,160

demonstrated in brain during liver insufficiency could be

implicated in neuronal cell death80.

 Inflammation have been involved in the progression of

neurological164 and neurodegenerative diseases46 by an

exacerbation of local process that may lead to cell death. In

liver failure, systemic inflammation exacerbates neurotoxicity

induced by ammonia32,148. On the other hand,

neuroinflammation and microglial activation participate in the

pathogenesis of neurodegenerative diseases79 and have

been recently reported in animal models of HE135. Treatment

with anti-inflammatory drugs suggests a protective action82.

These mechanisms of cell death existing in HE may act

synergistically27 as have been reported in cultured rat

astrocytes58.

b. Demonstration of neuronal cell death in other neurological

manifestations of chronic liver disease26. Loss of neurons in

chronic liver failure has been reported in acquired hepatocerebral
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degeneration and cerebellar degeneration in absence of alcohol

abuse. Almost all the reported cases to date of AHCD had

suffered repeat episodes or a prolonged single episode of coma

prior the pathological study. If not all, many of the pathogenic

mechanisms involved in these entities are present in HE.

Fortunately, the neurological irreversible damage associated with HE is

small and the sequels of mild intensity. However, this concept can have

important implications:

 The classical consideration of HE as a pure gliopathy should be

revised.

 In patients in the waiting list for LT (in risk of other posttransplant

neurological insults), the reduction of neurological damage in the

prettransplant stage could be beneficial. Those patients with low

MELD score and comorbidities could be specifically helped. The

actions include re-evaluation of LT priority in cases of same

expected survival and promote preventive therapies.

 In patients who are not transplant candidates, implementation of

preventive therapies such as nonabsorbable disaccharides147 or

rifaximin15 may prevent the cognitive decline.

Development of new drugs addressed to treat or prevent development of

HE would be useful in the prevention of cognitive decline and improve

the quality of life in cirrhotic patients.
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7. Conclusions

I. Cognitive function after LT is heterogeneous and associated to pre

and posttransplant conditions. Hepatic encephalopathy is associated

with cognitive sequels predominantly in the motor function.

II. A smaller brain volume after LT is associated with previous HE

suggesting that HE can lead to loss of brain tissue.

III. The loss of brain volume may be secondary to neuronal damage, as

supported by the association between the area peak of N-Acetyl-

Aspartate (a noninvasive neuronal marker) in magnetic resonance

spectroscopy and the normalized brain volume. This concept is

supported by the existence of activated mechanisms of neuronal

death in experimental HE and the demonstration of neuronal

degeneration in neuropathological preparations of material from

autopsies.

IV. Other prettransplant comorbidities such as alcohol abuse and

diabetes can impair brain function together with some posttransplant

conditions as cerebrovascular disease and may act synergistically

with HE in causing impaired cognitive function.

V. Prevention of HE may abrogate the cognitive decline and improve

quality of life in cirrhotic patients.



Future investigations

Page 133

8. Future investigations

The present research links HE with neuropsychological sequels

and smaller brain volume which strongly suggests loss of brain tissue

during its occurrence, particularly neuronal loss. However, establishing

this causality requires further investigations.

The next step will be to demonstrate loss of brain tissue after HE

in longitudinal studies. To date, the most accurate neuroimaging

techniques are sensitive to detect low grade brain edema and changes in

MR signals related to the deposit of paramagnetic substances. Validation

and interpretation of these results may be difficult. Alternatively, invasive

studies in animal models with the reproduction of the syndrome with wide

range of severity and duration and investigating neurons and together

with markers of neuronal cell death can provide us with very useful

information.

On the other hand, improving clinical management with

preventative therapies and new drugs that can minimize brain damage

may have beneficial neurological effects. Albumin is the main scavenger

in the plasma with important antioxidant and anti-inflammatory

properties131. Albumin function in cirrhosis is impaired78. Understanding

the basis of this injury is currently under investigation. The benefits of

albumin infusion are being assessed in a clinical trial

(http://clinicaltrials.gov/ct2/show/NCT00886925?term=albumin+AND+hep

atic+encephalopathy&rank=1). In parallel, analysis of albumin structure

and function are been carried out in collaboration with Professor Jalan at

Royal Free and University College London (London).

mailto:http://clinicaltrials.gov/ct2/show/NCT00886925?term=albumin+AND+hepatic+encephalopathy&rank=1&subject=ALFAE
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