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Abstract

Cognitive dysfunction in patients with chronic hepatitis
C virus (HCV) infection is a distinct form of minimal
hepatic encephalopathy (MHE). In fact, the majority of
HCV-positive patients, irrespective of the grading of liver
fibrosis, display alterations of verbal learning, attention,
executive function, and memory when they are evaluated
by suitable neuropsychological tests. Similarities between
the cognitive dysfunction of HCV patients and MHE of
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patients with different etiologies are unclear. It is also
unknown how the metabolic alterations of advanced
liver diseases interact with the HCV-induced cognitive
dysfunction, and whether these alterations are reversed
by antiviral therapies. HCV replication in the brain may
play a role in the pathogenesis of neuroinflammation.
HCV-related brain dysfunction may be associated with
white matter neuronal loss, alterations of association
tracts and perfusion. It is unclear to what extent, in
patients with cirrhosis, HCV triggers an irreversible
neurodegenerative brain damage. New insights on this
issue will be provided by longitudinal studies using the
protocols established by the diagnostic and statistical
manual of mental disorders fifth edition for cognitive
disorders. The domains to be evaluated are complex
attention; executive functions; learning and memory;
perceptual motor functions; social cognition. These
evaluations should be associated with fluorodeoxyglucose
positron emission tomography and magnetic resonance
imaging (MRI) protocols for major cognitive disorders
including magnetic resonance spectroscopy, diffusion
tensor imaging, magnetic resonance perfusion, and
functional MRI. Also, the characteristics of portal
hypertension, including the extent of liver blood flow and
the type of portal shunts, should be evaluated.
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Magnetic resonance imaging spectroscopy; Hepatitis C
virus infection
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Core tip: Cognitive dysfunction in patients with chronic
hepatitis C virus (HCV) infection is a distinct form of
minimal hepatic encephalopathy. It is unclear to what
extent HCV triggers an irreversible neurodegenerative
brain damage. New insights on this issue will be provided
by longitudinal studies using the protocols established
by the DSM-5 for cognitive disorders associated with
FDG-PET and magnetic resonance imaging protocols
for major cognitive disorders. Also, the characteristics
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of portal hypertension, including the extent of the liver
blood flow and the type of portal shunts, should be
evaluated.
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INTRODUCTION

Minimal hepatic encephalopathy (MHE) is defined
as the presence of test-dependent brain dysfunction
in patients with chronic liver disease who are not
disoriented and do not display asterixis™?. MHE is
clinically relevant, as it affects the quality of life and the
job performance of patients with chronic liver disease,
and because it is a recognized risk factor of overt
hepatic encephalopathy™®!. Cognitive dysfunction in
patients with chronic hepatitis C virus (HCV) infection
is a distinct form of MHE. In fact, the majority of HCV-
positive patients, irrespective of the grading of liver
fibrosis, display alterations of verbal learning, attention,
executive function, and memory when they are

evaluated by suitable neuropsychological tests®®.

WHAT WE KNOW

Recent years have witnessed significant insights into
the pathogenesis and management of this disorder.
However, several questions remain unanswered. In
particular, commonalities between the cognitive dys-
function of HCV patients and MHE of patients with
different etiologies are unclear. It is also unknown how
the metabolic alterations of advanced liver diseases
interact with the HCV-induced cognitive dysfunction,
and whether these alterations are reversed by antiviral
therapies.

HCV sequences were detected in the cerebrospinal
fluid of 8 of 13 patients in whom a lumbar puncture had
been performed for diagnostic purposes®. Ten of these
patients were co-infected with human immunodeficiency
virus, and were affected by aseptic meningitis (5 cases),
reactive meningitis (1 case), neurotoxoplasmosis (3
cases), tuberculosis (2 cases), neurosyphilis (1 case)
and multiphocal leukoencephalopathy (1 case). In 4
patients different virus strains were found in serum
and in peripheral mononuclear blood cells (PBMC). Of
note, virus strains detected in cerebrospinal fluid were
similar to those detected in PBMC. This finding led to
the hypothesis that infected PBMC cross the blood
brain barrier and, by this mechanism, HCV infects the
brain. Subsequent studies™®'*! confirmed the tissue
compartmentalization of HCV quasispecies, and showed
that microglial cells and, to a lesser extent, astrocytes
harbored HCV-RNA sequences and HCV specific proteins.
Recently, it has been shown that brain microvascular
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endothelium expresses HCV receptors, and HCV
replicates within endothelial cell lines™. These findings
support the hypothesis that HCV distinct viral strains
replicate in the brain. Although the level of viral replication
is generally low (apart from the cases with alterations
of the blood-brain barrier), it may play a significant
role in the pathogenesis of the neuroinflammation.
Compared with HCV-negative controls, HCV-positive
patients demonstrated significantly higher levels of
proinflammatory cytokines within the brain™*'*. Additional
evidence of neuroinflammation in HCV positive patients
is suggested by magnetic resonance spectroscopy
studies™'®. In fact, choline/creatine ratios (a putative
indicator of inflammation) were significantly higher
in the basal ganglia and white matter of HCV positive
patients compared to HBV positive patients and normal
controls™”. This finding was associated with elevated
myo-inositol/creatine ratios (a putative marker of glial
density)™®. Subsequent quantitative analysis of brain
metabolites™ showed that the spectra related to choline
and myo-inositol were significantly higher in the basal
ganglia of patients with HCV chronic hepatitis. Compared
to controls, the spectrum of N-acetyl aspartate (NNA)
and NNA-glutamate, which is related to the neuronal
density and nitrogen removal, was also significantly
higher in basal ganglia of HCV patients. When the same
metabolites were evaluated according to the Fatigue
Impact Scale Score, it was found that both markers
of inflammation and neuronal density were inversely
related to the grade of fatigue. Similar to the elevated
NNA/creatine ratio observed in the contra-lesional
pre-frontal regions of stroke patients'?”, a possible
explanation of this finding is a compensatory mechanism
of HCV-related brain inflammation. When compensatory
mechanisms fail, fatigue, and possibly other signs of
neurocognitive impairment, take place. HCV-related
brain dysfunction does not seem limited to functional
alterations. Evidence of white matter neuronal loss,
alterations of several commissural and association tracts,
cortical hypoperfusion, and basal ganglia hyperperfusion
was recently provided by magnetic resonance (MR)
spectroscopy associated with perfusion weighted imaging
and diffusion tensor imaging™"’. Of note, this study was
conducted in patients without cirrhosis. Scanty data
are available on the natural history of neurocognitive
dysfunction when chronic hepatitis progresses to cirrhosis.
In patients with cirrhosis unrelated to HCV, MHE was
associated with widespread microstructural disintegration
of the white matter, and with focal cortical damage.
These findings have been related to hyperammonaemia-
induced neuroinflammation®?%, It is unclear to what
extent HCV infection exacerbates this condition, and
whether it triggers an irreversible neurodegenerative
brain damage.

FUTURE DIRECTIONS

In order to get insights on these issues, longitudinal
studies of well characterized cohorts of patients are
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needed. Such studies should be based on extended
neuropsychological evaluation, standard and advanced MR
imaging (MRI) protocols, and accurate characterization
of portal hypertension. In the current clinical practice the
diagnosis of MHE is not uniform. Current guidelines™?
recommend that this diagnosis should be based on
at least two of the following tests: the portosystemic
encephalopathy syndrome test'®, the critical flicker
test!®!, the continous reaction time test'”’, the inhibitory
control test™, the the Stroop test™!, the SCAN test”.
These tests are mostly aimed at evaluating attention,
working memory, and visuospatial ability. However, if
we assume that HCV-related brain impairment could
also represent the harbinger of a slowly progressing
neurodegenerative alteration®!, when evaluating these
patients we should apply the protocols established
by the DSM-5 for cognitive disorders®, Accordingly,
cognitive domains to be evaluated are the following:
complex attention (including sustained attention,
divided attention, selective attention and processing
speed); executive functions (including planning, decision
making, working memory, mental flexibility, abstract
reasoning skills, and judgment); learning and memory;
perceptual motor functions; social cognition. In addition,
further study should be performed, using FDG-PET and
MRI protocols for major cognitive disorders including
magnetic resonance spectroscopy, diffusion tensor
imaging, magnetic resonance perfusion, and functional
MRI®?, Finally, the characteristics of portal hypertension
should also be evaluated. In this regard, it is worth to
mention that not only the amount of blood diverted from
the liver, but also the type of shunting is of relevance
in the pathogenesis of hepatic encephalopathy®***!, In
conclusion, the mechanisms of neurocognitive disorders
in patients with chronic HCV infection have been partially
elucidated. The impact of this condition on the long-term
outcome of these patients should be further clarified.
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