The aim of the present study was to characterize the
neurophysiological profile of cognitive impairment
associated with patients with chronic alcoholic and
nonalcoholic liver disease. The authors evaluated 43
patients with cirrhotic liver disease: 19 patients
with chronic alcohol ingestion and 24 nonalcoholic
patients who had been infected with hepatitis B or C
virus. Eleven healthy subjects were included as
control subjects. A battery of 12 psychological tests
was used to investigate cognitive deficits in the
patients with chronic liver disease. It was observed
that alcoholic patients with chronic liver disease
showed a more important cognitive deterioration
than those affected by hepatitis B or C virus.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2014; 26:241-248)
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he CNS is usually involved during the development

of chronic liver disease. Depending on its degree
of severity, this involvement can cause limited mental
capacity, changes in psychomotility, and /or hepatic coma
associated with irreversible brain damage."

The initial signs are reversible mental and neurological
disturbances that are not initially clinically clearly man-
ifested and can be detected only by psychometric tests. This
condition is called minimal or subclinical hepatic enceph-
alopathy. Neuropsychological studies in cirrhotic patients
with minimal hepatic encephalopathy have exposed a
characteristic pattern of cognitive dysfunction.*™

Prolonged ingestion of alcoholic beverages is known to
cause damage in several tissues, altering their morphol-
ogy and function. The liver, where alcohol metabolism
takes place, is the principal target of alcohol toxicity, and
the CNS is also implicated in alcohol damage.”'°
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Acetaldehyde, the main metabolite of ethanol, has
been shown to be able to bind covalently to liver proteins
and may be responsible for the diverse toxic effects of
ethanol. Acetaldehyde reacts with proteins via the e-amino
group of a lysine residue to yield hybrid malondialdehyde—
acetaldehyde—protein malondialdehyde and 4-hydroxy-2-
nonenal alcohol metabolites. These substances induce severe
metabolic alterations and cause oxidative damage, includ-
ing mitochondrial DNA damage, through the production of
reactive oxygen species, in almost all mammalian tissue.

The presence of chronic viral toxins such as those of
hepatitis B and C virus may also affect several extrahepatic
tissues, including the CNS."

In their evolution, both etiologies (i.e., the alcoholic
one and the viral one) often cause severe complications,
such as the development of portal vein hypertension in
the splanchnic area, and consequently, the presence of
a hyperdynamic systemic circulation, as well as neuro-
psychiatric dysfunction.

Tarter et al.'* considered that hepatic encephalopathy
is a neuropsychiatric illness coexisting with morpholog-
ical alterations and metabolic dysfunction that does not
present full recovery after liver transplantation.

Pantiga et al.'’ studied cognitive deficits associated
with hepatic cirrhosis by applying neuropsychological
tests to assess mental deficits in patients with different
stages of hepatic cirrhosis and in liver transplant recipients.
These authors showed that the severity of the cognitive
impairment is linked to the amount of hepatic dysfunction.
Liver transplant recipients showed only some degree of
cerebral dysfunction in comparison to the control group.

Glucose is fundamental to develop a normal function
of the brain. Basically, glucose comes in adequate amounts
from liver glycogen hydrolysis. The cirrhotic liver is
characterized by the destruction of an important quantity
of hepatocytes, where glycogen is synthesized and stored,
causing a deficient nutritional condition. It is probable
that, in this deficient nutritional condition, other sources
of glucose (e.g., muscles) are not satisfactory enough to
cover glucose needs.

Conversely, the presence of cirrhotic livers in both
etiologies suggests that it is probable that glycogenolysis
is diminished due to parenchymal destruction. Then, the
fundamental presence and use of glucose is decreased
in neurons and astrocytes. Cyclic GMP and cAMP are
substances that participate in glycogenolysis and maintain
blood and most tissue glucose levels. In liver cirrhosis, the
glutamine-glutamate cycle is also altered, and cyclic GMP
and cAMP cannot produce their hyperglycemic activity.'*
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Presumably, these alterations in the normal metabolism of
glucose could also generate cognitive disorders.

Numerous authors have searched for an efficient battery
of psychological tests to distinguish mild cognitive impair-
ment. A desired battery of psychological tests should
combine convenience, practicability, sensitivity, specific-
ity, low cost, and a high probability of standardization.

In this study, the neuropsychological profile of cognitive
impairment associated with chronic liver disease was
characterized by applying suitable psychological tests
with the purpose to evaluate the intellectual function in
this type of patients.

The aim of this experiment was to recognize cognitive
dysfunction present in chronic liver disease, produced
by prolonged alcohol ingestion or by hepatitis B and C
virus infections, from the results obtained in the tests
applied to patients with either etiology.

METHODS

Patients

Forty-three patients, with clinical and biochemical assess-
ment of compensated cirrhosis (no bleeding, no ascites,
and no other serious complications) were included in this
study. Forty patients had histological evidence, whereas
in three patients, the coagulation parameters could not be
confirmed anatomically by liver biopsy. In 19 of these
43 patients, the disease was the consequence of chronic
alcohol ingestion (more than 12 years of alcohol de-
pendence), whereas in 24 patients, it was the consequence
of chronic evolution of hepatitis B virus and hepatitis
C virus (from 6 months to 1 year for the appearance of
clinical symptoms). To participate in this experiment, the
patients were personally informed about the study and
signed their consent before being included in this study.
This project was submitted to the Committee of Ethics
and Investigation of the hospital and accepted.

Patients and controls were submitted to usual laboratory
tests, X-ray, ultrasonography, and other noninvasive
examinations to confirm the patient’s chronic disease.
Immunochemical tests for viral infection or immune disease
were used to verify the disease etiology. None of the
patients or control subjects received parenteral nutrition or
neuro-active medication in the 30 days before the study.

All the patients were submitted to a battery of 12
psychometric and verbal tests, and their performance
was compared with that of 11 control subjects with no
liver disease or mental pathology.
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Our patients with chronic liver disease presented dif-
ferent and important degrees of liver cirrhosis. All of
them had portal hypertension, and some of them had
bleeding esophageal varices during evolution. Chronic alco-
holic or viral-infected patients belonged to the CHILD A
(15 patients) and CHILD B (6 patients) classifications.
CHILD classification is used to assess the prognosis of
chronic liver disease using biochemical and clinical
parameters such as total bilirubin, albumin, prothrombine
time, ascites, and hepatic encephalopathy. Although it was
originally used to predict mortality during surgery, it is
now used to determine the prognosis, as well as the re-
quired strength of treatment and the necessity of liver
transplantation. Chronic liver disease is classified into
CHILD classes A-C (better to worse prognosis) using
scores that have been previously defined."”

All the patients were selected from the out-patients of
the Durand Hospital of Buenos Aires City (Argentina)
and were divided into three groups: group A, 19 patients
(37.5%) with chronic alcoholic ingestion and liver
disease (the patients were still consuming alcohol at
the moment of their inclusion in our study); group B, 24
patients (42.9%) with chronic liver disease after hepatitis
B and C virus infection; group C, 11 controls with no
liver disease or mental pathology and mild general
complaints (this group had no pathological alcohol
consumption).

Twenty-nine (53.7%) of the subjects studied were women,
whereas 25 (46.3%) were men. Female age averaged 33.7
years (SD=12.1), whereas male age averaged 55.7 years
(SD=11.5).

The patients included in this study had similar nutritional
status, education, and socioeconomic situation.

PSYCHOLOGICAL TESTS

We designed a battery of neuropsychological tests that
included memory tests (long-time memory test) and the
following widely used measures: autoanalysis of epi-
sodes obtained from the patient’s life, the Mini-Mental
State Examination (MMSE),'® The Reitan’s Number Con-
nection Test,"”'® the Boston Naming Test,® the Wechsler
Adult Intelligence Scale (WALIS), including subtypes (num-
ber repetition, vocabulary, conceptual ability in similarities,
and constructional capacity), the WAIS-Perceptual speed
subtest of conceptual similarity ability, the Wechler Memory
Scale, figural visual scanning, the Buschke selective task,
learning capacity (consistent long-term retrieval test),
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evocation (long-term retrieval test), and word fluency
(FAS test). All patients were investigated by the same
experienced neuropsychologist (blind experiment) in a
quiet room under adequate light and comfortable con-
ditions. Each patient and control subject were inter-
viewed three times.

Autoanalysis of Episodes Obtained From the Patient’s Life
MMSE or Folstein Test This test is a brief 30-point ques-
tionnaire used to screen for cognitive impairment and
dementia or estimate the severity of cognitive impairment at
a given point in time and to follow the course of cognitive
changes in an individual over time. The MMSE test includes
simple questions and problems in a number of areas: the
time and place of the test, repeating lists of words, arithmetic
such as the serial sevens, language use and comprehension,
and basic motor skills.

The Reitan’s Number Connection Test This test derives
from the trail making test'® and measures cognitive motor
abilities. In the number connection test, subjects have to
connect numbers printed on paper consecutively from
1 to 25, as quickly as possible. Errors are not enumerated,
but patients are instructed to return to the preceding
correct number and then carry on. The test score is the
time the patient needs to perform the test, including the
time needed to correct the errors. A low score indicates
a good performance.

The Boston Naming Test This is the most widely used
test of visual confrontation naming. The standard 60-item
version has been used to assess language performance in
participants with aphasia or dementia. Deficits in naming
performance frequently appear in the first stages of
Alzheimer’s disease and increase with time. For this reason,
the Boston Naming Test is one of the tests most frequently
used to detect the disease and follow its evolution.

Statistical Analysis

Data were inserted in an Excel-type database and analyzed
by a microprocessor Pentium III. Student’s t test, analysis
of variance (ANOVA), and Scheffe test were applied;
p<<0.05 was considered significant.

RESULTS

Groups A and B presented a low cognitive score com-
pared with controls (p<<0.05) (Figure 1).
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FIGURE 1. WAIS-Perceptual Speed Subtest of Conceptual
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The main intellectual defects were recorded when the
tests were related to praxis and velocity of mental processes
(p<<0.05) (Figures 2—4).

According to Figure 3 and applying the Reitan’s test,
a slower speed was seen in the response of patients with
chronic hepatitis.

Our patients did not exhibit a significant failure in
memory when their memory was tested for short and
long periods of time or their visual memory was tested.

Cognitive dysfunction was documented when the tech-
niques used involved spatial relationship with construc-
tional ability, copy capacity, and velocity of mental
processes. Our patients with chronic liver disease also
showed an important disturbance in the visual motor area
(coordination between visual, motor, and spatial behaviors).

Both groups with a chronic liver pathology showed
clear impairment in the comprehensive capacity and the
associative capacity in verbal concepts, indicating the
presence of a deficit in conceptual judgment.

During the study of language (vocabulary) evaluation,
we found a significant difference between patients and
control subjects when submitted to the same test. As
previously noted, all groups, including control subjects,
had comparable sociocultural levels.

When the Boston Naming Test was applied to patients
with chronic liver disease, we found that they required
a longer time for evaluation, indicating the existence of
a slowness of thoughts: the patients needed the presence
of the object to recall the name of it (paraphasis). These
patients seem to have impairment for the capacity to
search information.
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The application of these tests allowed us to find that
patients with chronic liver disease present marked difficul-
ties in attention and concentration.

DISCUSSION

The clinical presentation of hepatic encephalopathy in
patients with chronic liver disease, especially in decom-
pensated cirrhosis, includes alteration of consciousness,
accompanied with loss of facial expression and speech
disturbances together with a compromised motor system,
represented by asterixis, tremor, increased tendon reflexes,
increased muscle tone, and ataxic gait. In contrast, patients
with minimal hepatic encephalopathy appear to have a
normal mental state but subclinical cognitive alterations
that could complicate their normal day-to-day tasks such
as driving, operating equipment, and work-related activities.

Cognitive dysfunction is considered the failure of
certain mechanisms such as understanding, coordina-
tion, spatial perception and reality, and problem solving.
These limitations occur in the patient’s personal, social,
and work life to a greater or lesser degree. In turn, it is
possible that the progression of cognitive impairment in
life has emotional consequences for the patient, who,
because of his/her limitations, may develop depressive
symptoms, inhibitions, and/or impaired volition. All
nerve cells are targets of alcohol and its metabolite
agents and viral toxins, producing functional alterations.
However, patients with a history of prolonged alcoholic
intake showed more severe intellectual derangements
than patients with chronic viral liver disease, except for
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the Reitan’s test. It can be considered that brain function
impairment is caused by prolonged alcohol ingestion or
long-term viral damage, derived into cirrhosis and portal
hypertension.”” These agents induce alterations in several
brain structures and cellular pathways, causing mild or
important cognitive defects.

The detailed psychometric or neuropsychological ex-
amination carried out in this study revealed important
cognitive impairment in most of the 43 patients with
liver disease.

The most outstanding findings were failures related to
the constructional ability and copy capacity (recognition
as identical or nonidentical designs). We found an im-
portant number of mistakes in recognition in the cube
and scanning tests.

The use of this group of tests allowed documenting
the existence of very poor performance in the visual
motor area, corresponding to coordinated functions
between visual motor and spatial areas. These findings
are related to a serious deterioration in the velocity
(speed) of mental processes during perception and
discrimination of objects.

An alteration in the conjugated ocular movements
during the act to follow an object can be suggested to
have a diagnostic value during the presence of a sub-
clinical hepatic encephalopathy.

The alteration in the similarity test indicates the pre-
sence of a marked defect to conform categories, sug-
gesting an altered capacity of comprehension and a defect
in the associative capacity in verbal concept that implies
a deficiency in conceptual judgment.
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Chronic alcohol ingestion acts on numerous pathways
that affect the function of the liver and other organs,
including the brain.'® The main metabolite of alcohol,
acetaldehyde, and several adducts, malonaldehyde and
4-hydroxy-2-nonenal, damage cell structure and organ-
elles in the liver and brain, affecting microtubular pro-
teins and inhibiting microtubule polymerization. It has
been suggested that during this damage, excessive gener-
ation of reactive oxygen species overpasses the antioxidant
system, forming the so-called oxidative stress. Reactive
oxygen species alter membrane structure, lipid molecules,
and DNA, producing membrane lipo-oxidation and affect-
ing lipid metabolism.

Taken together, these findings suggest that alcohol
intake induces oxidative stress and constitutes a pivotal
factor in the development of liver and brain injury.

Viral damage, like hepatitis B and C viruses, probably
uses a similar mechanism to produce intellectual deficits
through its own toxins. The presence of hepatitis B or C
virus in the patient may act on brain tissue by either the
action of viral toxic substances or the presence of cytokines
or chemokines released by macrophages or other cells,
which are mainly the liver Kupffer cells. These two factors
may act on brain nuclei, causing functional impairment.*!
This speculation is based on the fact that infection induces
neuroinflammation and brain dysfunction. Fatigue, mood
disturbances, and cognitive dysfunction are frequent in
patients infected with hepatitis C virus who have mild
liver disease. The pathological mechanism is still unclear.
Viral sequences and proteins have been previously found
in brain macrophage/microglia cells. Bokemeyer et al.*!
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found glial activation and macrophage infiltration in chronic
inflammation and virus infections of the brain, endorsing
the hypothesis that hepatitis C virus infection may induce
neuroinflammation. Wilkinson et al.* also found evidence
for activation of brain macrophages/microglia cells in
autopsy brain tissue from hepatitis C virus-positive patients.

Some of these mechanisms can be studied using animal
models. However, the extrapolation of the findings, from
animals to humans, remains a difficult task, because re-
active oxygen species production and antioxidant status
in humans is affected by severe nutritional environmental
defects and drug influences, which are difficult to re-
produce in animals.

Nevertheless, several investigations have found that
the administration of antioxidant agents that reduce the
levels of free iron or of agents that replenish glutathione
levels can prevent or ameliorate the toxic effect of
alcohol. The most convincing data, which indicate that
oxidative stress contributes to alcohol liver disease, have
come from studies using the intragastric alcohol infusion
model. In these studies, alcohol liver disease was associated
with enhanced lipid peroxidation, protein modification,
formation of the 1-hydroxy-ethyl radical and lipid radicals,
and a decrease in the hepatic antioxidant defense, par-
ticularly glutathione levels.”>* Moreover, changes in the
animal diet promote or reduce oxidative stress, leading to
the corresponding changes in the extent of liver injury, as
occurs when polyunsaturated fats, which are required for
lipid peroxidation production, are replaced with saturated
fatty acids®® and perhaps on brain damage also.

According to previous experiments from our labora-
tory, brain regions, specifically the hippocampus and
prefrontal region, are involved in metabolic, functional,
and morphological derangements in a portal hyperten-
sive rat model, which reproduces this major cirrhotic
complication using a simple stricture of the portal vein.*”

The hippocampal region is a brain median temporal
lobe formation that takes part in the processing of memory,
behavior, and learning. It is also related to other parts of the
brain, such as the brain cortex and amygdala. Thus, this
brain region is probably involved in brain damage by
different toxins and possibly participates in intellectual
derangements.

Rusakov et al.*® studied the correlation of spatial learning in
the rat hippocampus with synaptic ultrastructural appearance
and suggested that it is possible to recognize brain areas
and even cell populations in particular learning paradigms.

Stubley-Weatherly et al®** examined the effects of
hippocampal lesions using water maze performance in
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rats and found that both the dorsal CA1 and ventral CA3
subregions play important roles in learning.

Rats maintained in a spatially enriched environment
show improved performance in a water maze task, which
is associated with an increased density of dendritic spines
in CA1 pyramidal cells, indicating an increased number
of newly formed synapses associated with spatial learning.
These results provide evidence that memory formation, at
least in rats, may involve morphological and topographic
changes in some neural circuits.

Unexpectedly, the memory function, analyzed for a short
time or long time, shows minor alterations when compar-
ing cirrhotic patients with control subjects, but visual
memory was affected.*>*” Perhaps the lack of a significant
failure in memory can be due to lesser damage to the
hippocampus region. It would be interesting to study
hippocampus behavior and its basic influence on memory
in alcoholic and nonalcoholic chronic liver disease.

When we used the Boston Naming Test with our
patients, we observed that it took a significantly long
period of time for the patients to complete the answer,
indicating the presence of a slower mechanism of thinking
(patients must observe the object to remember its name).
This kind of behavior is called paraphrasis and demon-
strates the capacity of the patient to scan the information.
Retrograde semantic memory is involved in this pro-
cedure. During depression, this test can show a normal
result, but in dementia, scarce verbal fluency can be
present.

The analysis of our results, after the application of this
battery of tests, demonstrated that patients with chronic
liver disease, from either alcoholic intake or viral damage,
had an important impairment in their attention and mental
concentration. Interestingly, mental alterations were docu-
mented when tests were applied to involve the praxis
aspects (motor activity) and those that evaluate the velocity
of the mental processes.

The psychoneurological symptoms that appear during
chronic liver disease may correspond to the presence of
several and complex mechanisms. Peterson et al.'* and
Lozeva et al.3"*? reported that neurotransmitter systems,
particularly alterations in the glutaminergic and mono-
aminergic receptors, are implicated, as shown in brains
of cirrhotic patients and experimental models.*

The role of these pathways is to mediate important
brain functions, such as the regulation of the sleep-wake
cycle and the act of learning and memory.

Weissenborn et al.* showed that, as the degree of
cognitive impairment in cirrhotic patients without clinical
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signs of hepatic encephalopathy increases, the glucose
use of the frontal and parieto-occipital cortex decreases.
Because the brain metabolism of glucose is closely related
to liver glycogen, the results of Weissenborn et al. are very
interesting.

Cirrhotic liver and its scar and nodular formation
decrease the number of normal hepatocytes and their
function, independently of the etiology: alcohol or toxins
from virus. On one hand, less glycogen is stored, with the
possibility of sending less glucose to the brain; on the other
hand, as occurs in long-term alcoholic consumption, there
is a decrease in glutathione levels in the mitochondria.

The neuropsychological tests that are used in this re-
search confirmed the presence of cognitive impairment in
patients with liver cirrhosis due to alcoholic prolonged
intake or hepatitis B or C virus damage. The presence of
oxidative stress must be assumed in these patients as part
of the mechanism of cognitive alterations. According to the
literature, 51%—70% of cirrhotic patients present cognitive
alterations. Animal models exposed to ammonium acetate
show an important decrease in the activity of glutathione
peroxidase in the liver and brain, which is the same as liver
peroxidation. Ammonia is toxic to brain function and is the
result of urea metabolism in the damaged liver that is
caused by cirrhosis.

Corbalan et al* found that the nitric oxide-guanylate
cyclase signal transduction pathway is altered in brains of
patients with chronic liver damage and that these alterations
are different depending on the brain area involved.

An increase in Ca®" intracellular concentration, which
stimulates glutamate receptors (N-methyl-pD-aspartate),
can also modify the signal transduction pathway in
the brain. The entry of Ca®" into CNS cells triggers the

BRODERSEN et al.

production of nitric oxide by neuronal nitric oxide
synthase activation. This molecular alteration can pro-
duce different levels of intellectual changes, with coma
being the most serious event in cirrhotic patients.

Injection of cyclic GMP, a hyperglycemic agent, causes
an increase in brain glucose, ameliorating brain function.

According to the results by Erceg et al.,* the intracerebral
injection of cyclic GMP to chronic hyperammonemic rats
restores the ability to learn and memorize, using a Y-maze
conditional discrimination task. The administration of an
anti-inflammatory drug, such as ibuprofen, also contributes
to the amelioration of learning, using the same Y-maze.*
We then suggest that both cyclic GMP and ibuprofen act on
the impairment of the glutamate-nitric oxide-cyclic GMP
pathway in the brain and, by different mechanisms, restore
learning capacity.

CONCLUSIONS

A subtle decline in cognitive function may be an im-
portant cause of decreased psychological and working
ability in cirrhotic patients. The alterations in cognitive
function, as those found in our patients, can be subtle
and not readily recognized but may initiate a subclinical
encephalopathy.

We suggest that the cognitive function alterations found
in our cirrhotic patients with either chronic alcohol intake
or viral damage are associated with two different mecha-
nisms: one related to alcohol or viral etiology and the other,
and most important, to the cirrhotic liver, with alterations
in fundamental pathways (glucose metabolism) that in-
volve brain function.
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