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Abstract
Hepatitis C virus (HCV) infection is widespread and affects 71 million people 
worldwide. Although hepatic manifestations are the most frequent, ranging from 
chronic hepatitis to cirrhosis and hepatocellular carcinoma, it is also associated 
with several extrahepatic manifestations. Infected patients may present non-
specific neurological symptoms, regardless of the presence of liver cirrhosis. 
Several pathogenetic mechanisms underlying neurological symptoms have been 
hypothesized: neuroinvasion, immune-mediated damage, neurotransmitter alter-
ations and cryoglobulinemia. Alterations of the central nervous system include 
cerebral vasculopathy, acute or subacute encephalopathy and inflammatory 
disorders. HCV infection may be responsible for neuropathies, of which the most 
frequent form is symmetrical axonal sensory or sensory-motor polyneuropathy 
which causes loss of leg sensitivity and weakness. Up to 50% of patients with 
HCV infection may experience cognitive decline and psychological disorders, 
such as depression and fatigue. HCV associated neurocognitive disorder is 
independent of the presence of liver cirrhosis and affects different domains than 
in patients with hepatic encephalopathy. It can be studied using specific tests that 
mainly explore executive functions, verbal learning and verbal recall. These 
disorders significantly reduce the quality of life. The new antiviral therapies 
improve the extrahepatic symptoms of HCV infection and their success depends 
on the achievement of sustained virological response. However, the effect of 
therapy may differ depending on the type of organ involved; neurological 
symptoms can be irreversible if there is organic liver damage. The aim of this 
review is to provide a critical overview of physiopathological mechanisms, 
diagnostic and therapeutic strategies of the neurological and psychiatric effects of 
HCV infection.

Key Words: Hepatitis C virus; Neurological disorders; Psychiatric disorders; Antiviral the-
rapy; Quality of life; Hepatic encephalopathy
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INTRODUCTION
Hepatitis C is caused by hepatitis C virus (HCV), an RNA virus belonging to the 
family Hepadnaviridae. It has been estimated that there are 71 million patients with 
HCV infection worldwide[1] and it is an important cause of liver-related morbidity 
and mortality[2].

Despite the prevalent hepatic involvement, HCV infection is now considered a 
systemic infection due to increasing evidence of the ability of the virus to enter and 
replicate in major cellular systems[3].

HCV infection has been associated with more than 30 extrahepatic manifestations
[4], some of which are a consequence of the proliferation of B lymphocytes with 
consequent monoclonal and polyclonal production of antibodies showing the activity 
of the rheumatoid factor or cryoglobulins[5].

Extrahepatic symptoms can prevail over hepatic symptoms or aggravate them[3] 
and can involve cardiovascular, joint, dermatological, renal and neurological systems.

Hepatic encephalopathy is the most typical manifestation of central nervous system 
involvement in patients with liver cirrhosis. The hypothesis that chronic HCV infec-
tion can itself cause brain dysfunction derives from evidence from patients without 
cirrhosis or cryoglobulinemia who frequently have a wide range of non-specific 
neurological symptoms[2].

Up to 50% of non-cirrhotic patients with HCV develop neurological and psychiatric 
symptoms whose manifestations do not correlate with the severity of liver disease or 
with viral replication rate[3].

Thus, in the diagnostic work-up of a patient with neurological and psychiatric 
symptoms, physicians should also consider HCV infection as a possible etiological 
factor[3].

Finally, it should be considered that the presence of HCV in an extrahepatic and 
immune-privileged site could be a potential source of late relapse after antiviral 
therapy[2].

PATHOGENESIS
The ways in which HCV causes the occurrence of neurological and psychiatric 
symptoms are different and several mechanisms have been hypothesized: Neuroin-
vasion and direct damage: Several studies have shown that the nervous system is a 
permissive site for viral replication, as confirmed by the presence of intermediate 
replicative forms of HCV-RNA and viral proteins at this level[3].

Furthermore, the presence of HCV in the cerebrospinal fluid of patients with 
cognitive decline has been demonstrated through gene sequencing techniques[2], but 
HCV-RNA levels are 1000-10000 times lower than those found in the liver[6].

However, the viral sequences of E1 and 5’ untranslated regions found in the central 
nervous system are different to the hepatic sequences, suggesting an independent life 
of the virus in the central nervous system[3,6].

In line with this hypothesis, cerebral viral quasispecies share genomic sequences 
with those found in lymphoid tissues and peripheral blood mononuclear cells, but not 
with hepatic cells[3].

https://www.wjgnet.com/1007-9327/full/v27/i29/4846.htm
https://dx.doi.org/10.3748/wjg.v27.i29.4846
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These data suggest the hypothesis that peripheral blood mononuclear cells can 
mediate the entry of virus into the central nervous system through a mechanism called 
“trojan horse”[7].

Therefore, the virus first infects peripheral monocytes and then crosses the blood-
brain barrier after infection of brain microvascular endothelial cells[6]. In this way, 
virus, immune cells, cytokines and chemokines can enter the central nervous system 
causing immune brain activation[8,9].

It should be noted that microvascular endothelium cells are the only cells in the 
central nervous system that express HCV receptors; so, they play a critical role in 
allowing virus entry in this site[10].

CD-81, SR-BI and claudin 1 are expressed on epithelial and endothelial cells of 
different tissues and it has been shown that antibodies against these antigens inhibit 
virus entry into cell lines derived from cerebral endothelium in vitro. Therefore, they 
can represent the target for HCV entry in brain endothelial cells[10,11].

Other studies have shown that Apolipoprotein E (ApoE) also plays an important 
role in this process. In fact, anti-ApoE antibodies can neutralize infection in cell lines 
derived from cerebral endothelium[6].

Therefore, although normally microglia do not express the molecules necessary for 
HCV entry, the virus evades this obstacle by directly infecting peripheral precursors 
and altering the selective filter of the blood-brain barrier. This mechanism is similar to 
that described for HIV[12,13].

Confirming this hypothesis, immunohistochemical and molecular techniques have 
shown that astrocytes and microglia are target cells for HCV infection[12,14].

Cells with positivity for HCV NS3, also express CD-68 which is a marker of glial 
cells. When RNA of these cells is amplified, the result is expression of both microglia 
markers and pro-inflammatory genes such as IL-12, IL-8 and TNF alpha[14]. 
Moreover, the activation of infected microglia cells results in an increased production 
of excitatory amino acids that can induce neuronal death through excitotoxicity[15].

Metabolic and neurotransmission alteration: Magnetic resonance spectroscopy 
allows measurement of the concentration of certain metabolites in specific brain 
regions. Choline is a metabolite expressed by glial and proliferating cells and is used 
as a marker of inflammation and of the synthesis and turnover of cell membranes; N-
acetyl aspartate is a neuronal metabolite and a marker of neuronal integrity, so its 
decrease is indicative of neuronal loss or dysfunction; myoinositol is produced only by 
glial cells and increases with glial proliferation, called gliosis, or with interruption of 
myelin[2,16].

Several studies have shown an increased level of choline and myoinositol, both in 
cerebral white matter and basal ganglia, and a reduction of N-acetyl aspartate level in 
basal ganglia. These findings are suggestive of glial activation and macrophage infilt-
ration and support the hypothesis of neuroinflammation.

Neurotransmission studies using single photon emission computed tomography 
(SPECT) demonstrated an alteration of serotonergic and dopaminergic neurotrans-
mitter systems in the midbrain and basal ganglia of up to 60% in HCV patients[17,18]. 
This can be related to high peripheral cytokine levels, particularly IL-1 and IL-6, which 
can negatively interfere with neurotransmitter systems and impair memory and 
executive functions[2,19].

Finally, perfusion studies have shown increased perfusion in the basal ganglia 
compared to cerebral cortex; this report suggests a vascular response secondary to 
immune activation due to neuronal invasion, confirming the hypothesis of neuroin-
flammation[20].

This picture is typical of other inflammatory conditions such as multiple sclerosis
[21].

Overall, these studies have shown abnormalities in dopamine and serotonin 
signaling, neuronal hypometabolism and neuro-inflammation in some patients with 
chronic HCV infection.

Cryoglobulinemia: cryoglobulins are immunoglobulins able to bind to each other at 
temperatures below 37℃, causing organ damage through two main mechanisms. The 
first mechanism, associated with type I cryoglobulinemia, consists of “vascular 
sludging” which is a hyperviscosity syndrome; the second mechanism, typical of type 
II and III cryoglobulinemia, is a mechanism of immune-mediated vasculitis[22].

One of the consequences of HCV infection is mixed cryoglobulinemia (type II and 
III) which is characterized by the precipitation of immune complexes. Type II and III 
cryoglobulinemia are due to an increase in cryoglobulin production by B lymphocytes 
clones.

HCV lymph-tropism is the first step in inducing cryoglobulinemia; in fact, the E2 
protein of the viral envelope interacts with the surface protein CD-81 of B lympho-
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cytes, inducing proliferation and production of IgM monoclonal antibodies[23,24].
The characteristic pathological sign of cryoglobulinemia is leukocytoclastic vascu-

litis which affects medium and small blood vessels with transmural fibrinoid necrosis, 
thrombotic lumen occlusion and infiltration of polymorphonuclear cells. The con-
sequence of vasculitis is ischemic tissue damage[4]. This condition is now referred to 
as HCV-associated cryoglobulinemic vasculitis (HCV-associated CV).

CENTRAL NERVOUS SYSTEM DISORDERS
Cerebrovascular disease
Acute and chronic cerebral vasculopathy is more frequent in patients with HCV than 
in the general population and HCV-RNA level correlates positively with the risk of 
cerebrovascular death[25].

Acute events such as stroke, transient ischemic attack, lacunar syndrome and, 
rarely, bleeding, have been reported in patients with HCV infection, in some cases 
representing the initial clinical manifestation of infection itself[26].

Several retrospective and prospective studies have shown an association between 
HCV infection and risk of stroke, which can occur at a lower age and without the 
classic cardiovascular risk factors[25].

Several responsible mechanisms have been hypothesized.
Chronic systemic inflammatory state can be responsible for arterial remodeling that 

precedes the development of carotid plaque[27], while the locally active presence of 
virus can cause plaque instability with erosion, rupture and thromboembolic event
[28].

Furthermore, chronic HCV infection predisposes to metabolic imbalances; in 
particular, the virus can alter glucose homeostasis and lipid metabolism in a pro-
atherogenic sense[29]. The association between infection and development of type II 
diabetes mellitus is well documented in the literature[6].

Mixed cryoglobulinemia in the brain can affect vasa nervorum and cerebral arte-
rioles causing occlusive cerebral vasculopathy[2] and they constitute an independent 
risk factor for carotid plaque formation[4].

Finally, in some patients the ischemic event may be secondary to ANCA or anti-
phospholipid antibodies which can cause a non-cryobobulinemic vasculitis[4,30].

Acute or subacute encephalopathy
Chronic HCV infection can be responsible for acute and subacute involvement of 
white matter when associated with cryoglobulinemia or systemic vasculitis[4].

This encephalopathy is clinically characterized by cognitive decline, confusion, 
altered state of consciousness, dysarthria, dysphagia and incontinence as a result of 
widespread involvement of cerebral white matter in patients with cryoglobulins or 
circulating anticardiolipin antibodies[4].

This condition could be due to ischemic damage and this hypothesis is confirmed by 
the presence of small subcortical and peri-ventricular white matter lesions found on 
magnetic resonance imaging[4]. In addition, diffuse and severe changes in suprat-
entorial and infratentorial white matter highly suggestive of cerebral vasculitis, have 
been observed in patients with systemic vasculitis[31].

Inflammatory disorders
HCV infection has been associated with the onset of central nervous system inflam-
matory diseases which can occur in different clinical scenarios.

In the literature, cases of rapidly developing leukoencephalitis clinically charac-
terized by cognitive decline, tetraparesis and aphasia, and histologically by perivas-
cular infiltrates of T lymphocytes and microglia nodules have been reported.

Fatally progressive encephalomyelitis presenting with epilepsy, motor, sensory and 
autonomic deficits and characterized by loss of neurons and perivascular infiltration of 
lymphocytes in the brainstem and cervical spinal cord may occur[32,33].

The hypothesized pathogenetic mechanism is that of immune-mediated damage 
rather than direct damage induced by virus[4]. Confirming this hypothesis is the 
response to steroid therapy in cases of acute disseminated encephalomyelitis, a post-
infectious autoimmune disease characterized by immune-mediated damage of cerebral 
and cerebellar white matter and clinically characterized by alterations of conscious-
ness, psychomotor agitation, focal neurological symptoms and urinary retention[3,34].
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Chronic HCV infection can also induce myelitis due to antibody-mediated 
autoimmune demyelination. Transverse myelitis is a common manifestation of this 
group of disorders in which the immune-mediated mechanism of damage is con-
firmed by anti-HCV antibodies but not the presence of viral genome in cerebrospinal 
fluid. The prevalent symptoms are autonomic, sensory and motor dysfunction, 
sensory ataxia and spastic paraplegia[4].

PERIPHERAL NERVOUS SYSTEM DISORDERS
During HCV infection, a high prevalence of peripheral neuropathy has been reported, 
which involves 40% to 75% of patients[6].

This finding is more evident in patients with mixed cryoglobulinemia, in whom 
fascicular ischemia and axonal degeneration are observed as a result of vasculitis of 
the vasa nervorum or necrotizing arteritis of medium-sized vessels[35]. In fact, up to 
60% of patients with cryoglobulinemia present peripheral neuropathy, while a smaller 
percentage presents involvement of the central nervous system (6%) due to direct 
involvement of cerebral arterioles[4].

However, peripheral neuropathy has been demonstrated in subjects who do not 
have mixed cryoglobulinemia. In these cases, immune complexes or autoimmune 
mechanisms induced by virus and dependent on T lymphocytes, may play a role in 
inducing vascular and perivascular inflammation[2,36].

In any case, the pathogenesis is indirect and predominantly inflammatory as the 
virus does not invade peripheral nerves or muscle tissue[6].

Sensory or motor axon degeneration disrupts communication between the central 
and peripheral nervous systems. Motor damage can be responsible for weakness, 
while sensory damage can cause paresthesia, hyperalgesia, allodynia, pain and numb-
ness. Autonomic damage can result in organ damage[6].

The most frequent form of peripheral neuropathy is symmetrical axonal sensory or 
sensorimotor polyneuropathy which is typically characterized by loss of sensation and 
weakness in the lower leg region[37].

Asymmetrical forms include small fiber sensory polyneuropathy which is the most 
common clinical manifestation and is characterized by tingling, burning feet and 
restless legs syndrome. In more advanced cases, neuropathy can affect larger caliber 
fibers (sensory polyneuropathy of the large fibers) which presents with loss of sensa-
tion, paresthesia, cramps and numbness[38,39].

Other clinical presentations are mononeuropathy and multiple mononeuropathy, 
which involves non-contiguous nerves. Cranial nerves are usually spared from this 
phenomenon, although there have been reports of abductor, facial and trigeminal 
nerve involvement[4].

Rare forms of neuropathy are pure motor polyneuropathy and autonomic neuro-
pathy[40,41].

NEUROPSYCHOLOGICAL DISORDERS
Up to 50% of patients with chronic HCV infection has neuropsychiatric symptoms, 
“brain fog”, fatigue and impaired quality of life, regardless of the severity of liver 
disease[6,13]. These alterations can interfere with daily activities and with the ability to 
maintain independence[15].

While it is possible that psychiatric symptoms can contribute to cognitive decline in 
these patients, it appears unlikely that psychiatric symptoms alone can fully explain 
the cognitive deficits.

A more likely scenario is that both psychiatric symptoms and cognitive impairments 
are part of the neuropsychiatric syndrome found in patients with chronic HCV 
infection[15].

Fatigue
Chronic fatigue is the most common symptom of chronic HCV infection, with a 
prevalence ranging from 20% to 80% in different cohorts[2].

It is perceived as a feeling of physical and mental exhaustion that is often accom-
panied by muscle and joint pain, sleep disturbances and restless legs syndrome[4]. 
This “central” fatigue differs from the “peripheral” fatigue linked to muscle weakness.
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Fatigue is influenced by psychological, social and physical factors, so a direct virus 
effect on this symptom remains unclear[2]. In fact, it is the hallmark of depression and 
consequent apathy, demotivation, unrefreshing sleep, disinterest and loss of energy
[42].

Moreover, a positive association between fatigue and hepatic fibrosis has been 
demonstrated by Teuber et al[43] In fact, the degree of fatigue assessed with the 
Fatigue impact scale was higher in patients with severe fibrosis or cirrhosis than in 
patients with mild fibrosis, mostly in the physical domain.

However, central fatigue and depression may share possible biological changes in 
the brain.

It has been hypothesized that alterations in cerebral metabolism and neurotrans-
mission in the limbic system, ascending reticular system, globus pallidus and putamen 
are associated with chronic fatigue[4].

Dopamine reduction in the limbic system and ascending reticular system could be 
secondary to cytokine-induced reduction of tetrahydrobiopterin, an enzyme involved 
in dopamine synthesis[44,45]. In fact, a study showed an association between fatigue 
and peripheral inflammation, suggesting that activity of the peripheral immune sys-
tem may contribute to this symptom[46].

Impairment of serotonin transmission, implicated in depression, has also been 
correlated with fatigue. This finding is confirmed by the fact that treatment with 
ondansetron, a competitive antagonist of the serotonin receptor, is effective in 
improving fatigue. Therefore, this evidence supports the role of serotonin pattern 
dysfunction in causing fatigue and is in line with data showing a decrease in serum 
tryptophan levels and a reduction in serotonin synthesis in patients with chronic HCV 
infection[17,47].

Depression
A high frequency of anxiety and depression has been reported in patients with HCV 
infection and these psychiatric pathologies negatively impact the quality of life[2].

The prevalence of HCV infection in patients with psychiatric disorders is signi-
ficantly higher than in the general population and can affect 20% to 50% of infected 
patients compared to 10% of healthy subjects[2,6]. This association would be greater in 
genotype 3a[48,49].

An important aspect is that depression can affect patient prognosis as it is associated 
with poor adherence to antiviral therapy[50]. Therefore, multidisciplinary involvement 
is essential both to ensure adherence to treatment and for management of depressive 
symptoms[45].

Depression can be reactive to physical and psychosocial sequelae of HCV infection. 
Being aware of infection itself constitutes a risk factor for depression due to the 
impairment of family and intimate relationships, stigmatization and social marginal-
ization[2,45]. Frequent coexistence of intravenous substance abuse[51] or symptoms 
such as fatigue and cognitive decline may also explain the onset of depression[52]. 
Depression can also be secondary to comorbidities associated with HCV infection such 
as diabetes mellitus and insulin resistance, metabolic syndrome, cardiovascular 
disease and inflammatory conditions such as cryoglobulinemia and arthritis which 
cause skin manifestations, motor and sensory neuropathies, joint pain and reduced 
joint mobility[45].

A higher burden of physical symptoms from HCV is associated with increased 
depression, and this burden increases with complications of cirrhosis such as ascites, 
sarcopenia and encephalopathy, causing limitations in physical and social function
[44].

However, depression is not entirely attributable to these factors.
Endotoxins and peripheral cytokines, in particular IL-2, IL-6 and IL-10, act on the 

blood-brain barrier stimulating prostaglandin E2 release in the central nervous system. 
This in turn stimulates the release of additional cytokines by microglia cells, such as 
IL-1, IL-4, IL-6, IL-12, IL-18 and TNF-α. These mediators can inhibit neurotransmission 
in areas involved in affective responses and emotional processes[53], and induce the 
activity of enzymes that metabolize tryptophan into neurotoxic metabolites rather than 
serotonin[54]. In turn, serotonin deficiency can cause an excessive release of inhibitory 
neurotransmitters leading to depressive symptoms. In fact, serotonergic projections 
from midbrain nuclei modulate the activities of cortical and subcortical structures 
involved in behavior, mood and attention regulation[16].

The cytokines can excessively stimulate the hypothalamus-pituitary-adrenal system 
leading to excessive endogenous cortisol production which can alter hippocampus 
neurotransmission. In addition, corticotropin-releasing hormone can directly cause 
neurotoxicity[45].
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Confirming the direct role of virus in causing depression, in a cross-sectional study 
of patients with liver disease of different etiology [hepatitis B virus (HBV), HCV, 
alcohol abuse and metabolic syndrome], only the presence of HCV was found to be 
independently associated with depression. This suggests an additional and causal 
mechanism due to virus presence that contributes to depression.

Quality of life 
The World Health Organization defines the quality of life as the individual’s per-
ception of their state of physical, mental and social well-being[2].

Several studies have highlighted the impact of chronic HCV infection on quality of 
life, even without significant liver disease and regardless of modality of virus 
acquisition, for example previous substance abuse[2].

Even in the absence of debilitating symptoms, HCV compromises quality of life by 
negatively impacting the physical and mental well-being of patients. Nonspecific 
symptoms such as asthenia, irritability, general malaise and musculoskeletal pain can 
occur in patients with chronic HCV infection and in many cases reduce the sense of 
physical well-being causing emotional problems[1]. Indeed, in quality of life studies in 
which the SF-36 questionnaire was used, depression and fatigue were found to be 
independent predictors of reduced quality of life[45].

Other factors involved in the deterioration of quality of life are the psychological 
impact of prognosis, comorbidities associated with infection and social stigmatization, 
the shame of being infected and the fear of infecting other people, unemployment and 
financial problems.

Furthermore, until a few years ago, patients were concerned about the limited 
eradication capacity of interferon-based regimens and about the disabling adverse 
effects associated with this therapy[1].

Quality of life is more compromised in patients with HCV than HBV infection and 
this may suggest a direct role of HCV virus on this aspect[55]. In fact, several pro-
spective studies have shown that infected patients compared to non-infected, have 
lower scores related to quality of life even before knowing their serological status[56] 
and that antiviral therapy and viral suppression induce an important clinical impro-
vement[1].

Therefore, HCV infection has a direct effect on quality of life that can be aggravated 
by psychological factors related to diagnosis and clinical complications of infection 
itself[2].

Several studies have identified which factors are independently associated with 
reduced quality of life as they can potentially aggravate the burden of infection.

A study by Jang et al[57] showed that the SF-36 physical and mental component 
summary scores of HCV patients, were below the normal limits. However, those with 
decompensated cirrhosis had the lowest health-related quality of life (HRQoL), while 
HCC and chronic hepatitis patients had similar HRQoL results.

Confirming this hypothesis, Golabi and colleagues demonstrated that severity of 
liver disease may effects patients’ HRQoL; in fact worsening hepatic dysfunction in 
patients with cirrhosis (higher MELD score) and development of complications, such 
as ascites and hepatic encephalopathy, can cause severe impairment of HRQoL[58].

Thus, there may be a stage-dependent relationship between the degree of fibrosis 
and the impairment of QoL in patients with severe fibrosis or cirrhosis, compared to 
those with moderate fibrosis.

HCV-ASSOCIATED NEUROCOGNITIVE DISORDER AND MINIMAL 
HEPATIC ENCEPHALOPATHY
There is increasing evidence to support that cognitive impairments in patients with 
chronic HCV infection occur before the development of cirrhosis and are independent 
of liver function, viral load and genotype[15].

Many factors that may coexist in infected patients can aggravate cognitive decline 
such as the presence of liver cirrhosis and minimal hepatic encephalopathy (MHE), 
drug abuse and psychiatric disorders such as anxiety and depression[2]. On the other 
hand, pre-infectious intellectual functions and educational level can be protective 
against cognitive decline[59,60].

Genetic factors have also been seen to play a role in the development of cognitive 
disorders; in particular, some allelic variants of ApoE gene result in a lower impair-
ment of attention and executive functions[61].
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The term HCV-associated neurocognitive disorder (HCV-AND) is used to refer to 
this spectrum of alterations unrelated to advanced liver disease and therefore distinct 
from potentially reversible complications seen in patients with MHE[16].

Patients with chronic HCV infection may present symptoms related to cognitive 
decline. In particular, the areas mainly involved are: Executive functions: involved in 
problem solving, monitoring one’s own behavior, self-control, cognitive flexibility, 
working memory, volition, sustained attention and logical reasoning; verbal learning 
and verbal recall. Therefore, in HCV patients there is a prevalent involvement of the 
frontal lobe, which is responsible for alterations of executive functions.

Cognitive domains related to posterior brain regions, primarily involved in vi-
suospatial and visual perceptual abilities and constructive practice, are rarely in-
volved; conversely these regions are mainly altered in patients with MHE[16]. Thus, 
there are some differences from both a pathogenic and a clinical-diagnostic point of 
view between HCV infected patients and those with hepatic encephalopathy.

Type C hepatic encephalopathy is one of the complications seen in patients with 
liver cirrhosis of different etiology and is a consequence of severe hepatocellular 
damage or porto-systemic shunts. This condition can manifest itself with a wide 
spectrum of neurological and psychiatric symptoms whose spectrum varies from 
subclinical forms to more severe forms characterized by a complete alteration of the 
state of consciousness.

To date, hepatic encephalopathy is divided into two types: covert which includes 
minimal hepatic encephalopathy and grade I hepatic encephalopathy, and overt 
(OHE), which includes grade II, III and IV hepatic encephalopathy[62-64].

OHE is characterized by personality alterations such as apathy, disinhibition and 
irritability, alterations in the sleep-wake cycle with excessive daytime rest, disori-
entation in time and space, altered state of consciousness, asterixis, acute confusion, 
stupor and finally coma.

The pathogenesis shown by hematoxylin and eosin staining is complex and sees a 
central role of ammonia which determines the activation of oxidative stress in 
astrocytes and swelling due to intracellular accumulation of osmotically active 
substances such as lactates and glutamine; a contribution is also linked to metal 
accumulation and neurosteroids that are able to activate inhibitory GABA-A receptors
[65]. However, HE pathogenesis could be considered multifactorial. In fact, systemic 
inflammation and metabolites other than ammonia are involved.

MHE is the mildest form of hepatic encephalopathy, characterized by poor per-
formance on psychometric tests that assess attention, working memory, psychomotor 
speed and visuospatial skills. Despite being subclinical, minimal HE has a heavy 
burden both on patients and caregivers. In fact, the relationship between MHE and 
QoL, driving capacity and sleeping is well known. Therefore, it is important to detect 
MHE, which can be recognized in asymptomatic patients using appropriate psycho-
metric tests and neurophysiological methods.

MHE is a frequent complication of liver cirrhosis, affecting up to 80% of patients 
and, despite its minimal clinical expression, constitutes a significant problem as it is 
associated with burden on the caregiver, inability to drive, sleep disturbances, falls, 
worsening quality of life and risk of developing OHE[60].

Cognitive decline in patients with MHE mainly affects the following domains: 
Selective attention and vigilance; Psychomotor speed, with lengthening of reaction 
times; Inhibitory responses, with loss of inhibitory control; Visuospatial skills; Verbal 
skills are relatively preserved[66].

DIAGNOSTIC STRATEGIES IN HCV-AND
To distinguish between HCV-AND and MHE in terms of cognitive decline, a 
multimodal approach is required that includes assessment of liver function, brain 
imaging and extensive neuropsychological tests that assess broad aspects of cognition 
and not just those related to frontal executive functions[16].

In patients with suspected HCV-AND, tests that can be used to analyze the various 
cognitive domains are: Verbal learning and episodic memory: Rey auditory verbal 
learning test, Hopkins verbal learning test total recall, brief visual memory test revised 
total recall, digit forward span, verbal learning and memory test; Working memory: 
digit backward span, letter number sequencing, paced auditory serial addition task; 
Visuospatial skills and planning: Rey-Osterrieth complex figure test (ROCF) in the 
immediate trial; Lexical skills and executive functions: phonemic and the semantic 
verbal fluency tests, color-word-interference test (Stroop), trail making test part B, 
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Wisconsin card sorting test, ROCF in the 10-min delayed recall trial; Logical thinking: 
verbal judgment test; Non-verbal intelligence: Horn’s performance test system[67-69].

Table 1 summarizes the main tests and their relative characteristics that can be used 
to investigate the altered cognitive domains in patients with HCV-AND.

Neuropsychological tests, such as potential P300 related to the event, have shown 
an increase in latency and a reduction in peak amplitude in patients with cognitive 
decline, regardless of confounding factors such as fatigue and depression[4].

Diagnostic strategies in MHE
The optimal measure for diagnosing MHE is still debated. In fact, none of the methods 
proposed cover the complexity and the heterogeneity characteristic of this syndrome. 
Diagnosis of MHE can be made with psychometric tests and electrophysiological tests. 
Tests used to investigate domains known to be affected in patients with MHE are: 
Selective attention and vigilance: critical flicker frequency, continuous reaction time 
test, SCAN test; Psychomotor speed and visuospatial skills: psychometric hepatic 
encephalopathy score, Stroop test, repeatable battery for the assessment of neuropsy-
chological status; inhibitory responses: inhibitory control test; animal naming test.

Similar to non-cirrhotic patients with chronic hepatitis C, patients with MHE 
present emotional alterations such as depression, anxiety and alexithymia[70], es-
pecially in the final stages of their pathology which is characterized by medical 
complications, hospitalizations, functional limitations and changes in body image[1].

They also have a reduced quality of life which can be linked to various mechanisms 
such as physical problems and complications related to liver cirrhosis and psychiatric 
symptoms. In fact, depression, anxiety and alexithymia are among the major determ-
inants of the quality of life of cirrhotic patients, regardless of the severity of the liver 
disease.

The presence of these disorders can be explored using tests such as: Depression: 
Zung-self depression rating scale; Anxiety: Spielberger state-trait anxiety inventory Y1 
and Y2; Alexithymia: Toronto alexithymia scale[70].

Imaging in HCV-AND
Over time, several imaging studies have been conducted with the aim of finding a 
biological relationship between HCV infection and cognitive decline[2].

On magnetic resonance imaging, patients with cognitive decline show an increase in 
signal intensity in T2-weighted sequences in peri-ventricular white matter[71]. 
Furthermore, atrophy and cytoarchitectural alterations are observed in the lobe of 
insula which is involved in attention[16].

SPECT studies have demonstrated an alteration in mesencephalic/hypothalamic 
and striatal dopaminergic transporters in up to 60% of patients and this finding is 
associated with executive-attentional function decline[18].

On the other hand, a positron emission tomography (PET) with 18-fludeoxyglucose 
(18-FDG) study, demonstrated hypometabolism in the anterior cingulate gyrus and in 
the upper and middle frontal gyrus, responsible for fatigue and impaired attention, 
and in the parahippocampal gyrus and caudate nucleus bilaterally, causing anxiety, 
depression and lengthening of reaction times[16]. These data confirm the role of 
impaired dopaminergic transmission in the cognitive decline of patients with chronic 
HCV infection[2,72].

Spectroscopy studies have instead highlighted an increase in the choline/creatine 
ratio in the basal ganglia and frontal white matter[73], which is associated with 
executive functions decline[6]; another study showed a reduction in the N-acetyl 
aspartate/creatine ratio in frontal grey matter, which proves a reduction in the neu-
ronal population in this area. These findings suggest an increase in cell membrane 
turnover and a decrease in neuronal functions, respectively[74].

The increase in myo-inositol levels agrees with chronic cellular inflammation 
induced by virus[75] and has been associated with fatigue and cognitive decline[76].

Overall, neurophysiological and imaging tests are important tools for characterizing 
cognitive impairments as they can anticipate dysfunction before it manifests clinically. 
They are also not subject to bias due to test batteries, self-reported measurements, 
different socio-cultural levels and different degrees of school education[15].

Imaging in HE
Imaging findings in patients with liver cirrhosis are different to those previously 
described for patients with HCV-AND.

In fact, spectroscopy studies confirm that the pathogenetic mechanism for these 
symptoms is different to that observed in patients with chronic hepatitis C. In 
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Table 1 Tests exploring cognitive domains[67-69]

Test Tested domains Description

Rey auditory verbal 
learning test 
(RAVLT)

Immediate memory and 
learning

After hearing a list of 15 unrelated words, the patient has to recite as many words as he can recall 
for a total of five trials. 

Hopkins verbal 
learning test total 
recall (HVLT)

Verbal memory This test consists of three parts: total recall, delayed recall and recognition. The test consists firstly 
of three free recall learning trials with 12 words from three different categories such as professions, 
food and sports (HVLT total recall). 20-min later, the patient has to name the words from the free 
recall learning list (HVLT delayed recall). Finally, the yes/no recognition trial is completed (HVLT 
recognition). 

Brief visual memory 
test revised total 
recall (BVMT)

Visuospatial memory In three learning trials, the patient views the stimulus page for 10 s and then has to draw as many 
figures as possible in their correct location. A delayed recall trial is administered after a 25-min 
delay. Lastly, a recognition trial, in which the patient has to identify which of the 12 figures were 
included among the original geometric figures, is administered. 

Digit forward span 
and digit backward

Verbal learning and episodic 
memory

The Digit Span consists of two different tests: digits forward (repeating digits forward) and digits 
backward (repeating digits in reverse). This test consists of pairs of sequences of numbers read by 
the examiner. When the patient repeats correctly the first sequence, the examiner reads the next 
one, which is longer by one number than the previous one, and continues until the patient fails a 
pair of sequences or correctly repeats the last sequence consisting of nine numbers.

Letter number 
sequencing (LNS)

Working memory During administration, the patient listens to a series of numbers and letters read by the examiner. 
Then he has to repeat the numbers in ascending order and letters in alphabetic order.

Paced auditory serial 
addition task 
(PASAT)

Auditory-verbal divided 
attention; selective and 
sustained attention

Numbers are presented orally at a rate of about 1-2 s. The patient has to add pairs of numbers, 
adding each number to the previous one. In this way, the first number will be added with the 
second, the second with the third, the third with the fourth and so on. 

Rey-Osterrieth 
complex figure test 
in the immediate trial 
(ROCF)

Visoconstructive ability, 
problem solving, perceptual 
organization and visual 
memory

There are 18 elements overall. In the first part, the patient has to copy a figure (ROCF copy). Three 
minutes later, he has to perform the figure again without the stimulus (ROCF immediate recall). 
Two points are given when the elements are correctly reproduced; one point when the production 
is distorted, incomplete but placed properly, or completed but placed poorly; half point when the 
elements are distorted or incomplete and placed poorly; zero point when the elements are absent 
or not recognizable. 

Phonemic and 
semantic verbal 
fluency test

Lexical skills and executive 
functions; verbal functioning

For the phonemic part, the patient has to list as many words as possible starting with an F, A or S 
during 60-s intervals. For the semantic part, he has to list as many animals as he can during a 60-s 
interval. 

Color word 
interference test 
(Stroop)

Lexical skills, cognitive 
flexibility, selective attention 
and response inhibition (or 
disinhibition)

Patient has to read three different tables as fast as possible. Two of them represent the “congruous 
condition” in which he has to read names of colors printed in black. Conversely, in the third table, 
color-words are printed in an inconsistent colour ink. In this incongruent condition, the patient has 
to name the ink colour instead of reading the word.

Trial making test 
part B (TMT-B)

Lexical skills, executive 
functions, cognitive flexibility

In the TMT-B, the patient has to draw lines sequentially connecting numbers and words 
alternately. The score represents the amount of time required to complete the task. 

Wisconsin card 
sorting test (WCST)

Lexical skills and executive 
functions; cognitive 
reasoning

Patient has to classify cards according to different criteria. There are different ways to classify each 
card and the only feedback is whether the classification is correct or not. Classification possibilities 
are the color of symbols, the shape of symbols and the number of shapes on each card. The 
classification rule changes every 10 cards; so, once the patient has figured out the rule, he will start 
making mistakes when the rule changes. This test measures how well the patient is able to adapt to 
changing rules. 

Verbal judgment test 
(VJT)

Logical thinking This test consists of an oral interview. The examiner asks the patient how he would solve a 
hypothetical situation. 

Horn’s performance 
test system (LPS)

Non-verbal intelligence This test comprises 40 rows, each with 9 numbers and/or letters. Every row has a logical order 
with one letter or number that does not fit and the goal is to identify the mismatched character. The 
outcome parameter is the sum of correct rows.

RAVLT: Rey auditory verbal learning test; HVLT: Hopkins verbal learning test total recall; BVMT: Brief visual memory test revised total recall; LNS: Letter 
number sequencing; PASAT: Paced auditory serial addition task; ROCF: Rey-Osterrieth complex figure test in the immediate trial; TMT-B: Trial making 
test part B; WCST: Wisconsin card sorting test; VJT: Verbal judgment test; LPS: Horn’s performance test system.

particular, the prevailing pattern is characterized by a reduction of the choline/ 
creatine and myo-inositol/creatine ratio and an increase in the glutamine/creatine 
ratio.

The exact mechanism underlying the reduction in choline levels has not been fully 
defined.

This is partly explained by a decrease in choline transport, malnutrition and cerebral 
metabolism alteration secondary to liver dysfunction.

Glutamine increase could be a consequence of hyperammonemia. In this condition, 
astrocytes detoxify ammonium converting it into glutamine which causes low-grade 
cerebral edema and symptoms of HE due to its osmotic effect[77].
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In addition, brain MRI reveals basal ganglia hyperintensity in T1-weighted se-
quences, most likely related to manganese deposits[77].

EFFECTS OF ANTIVIRAL THERAPY
Until recently, INF and pegylated INF have been the only effective treatments for HCV 
infection as modulators of the immune response, showing a sustained virological 
response (SVR) of up to 50%-80% when combined with ribavirin.

This therapy is associated with a high prevalence of neuropsychiatric disorders, 
which affect up to 70% of subjects. Predominant symptoms are mood disorders such 
as anxiety and depression, psychosis and manic agitation, suicidal ideation and 
cognitive decline. These disorders disappear at the end of therapy[16] and can be 
attributed to numerous pathophysiological complications associated with treatment 
such as alteration of monoamine metabolism, increase in apoptosis, reduction in 
cerebral neurotrophic factor, alteration of hypothalamic-pituitary-adrenal axis[78] and 
alteration of frontal-subcortical circuits[15]. Co-factors for the development of this 
disorder during antiviral therapy are low education, a known history of psychiatric 
disease and high serum concentrations of IL-6[79]. In subjects infected with HCV and 
treated with INF, PET studies with 18-FDG have shown a reduction of metabolic 
activity in the prefrontal cortex which agrees with a depressive state[80].

HCV infection treatment has been radically changed since the introduction of direct-
acting antivirals (DAAs). INF-free regimens are better tolerated and are highly 
effective, reaching an SVR greater than 95%; furthermore, the simplicity of dosage and 
their safety profile guarantee good compliance.

These antiviral agents considerably improve extrahepatic symptoms underlining the 
direct and indirect pathogenetic role of virus in precipitating these disorders. Ob-
viously, the success of this strategy depends on achievement of the SVR[6]. This has 
been confirmed in several clinical studies.

A recent study by Nardelli et al[1] showed an improvement in all domains invest-
igated using the SF-36 questionnaire after therapy with DAAs, but also in psychiatric 
symptoms such as anxiety, depression and alexithymia, which were found to be 
among the major determinants of altered quality of life.

Some trials have shown that the improvement in quality of life is evident during the 
first 4 wk of therapy, coinciding with the suppression of viral replication, then 
continuing until the end of the therapy and beyond during the follow-up[81].

Patients who achieve SVR 12 wk after sofosbuvir therapy, including those with 
cirrhosis, have reported significant improvements in quality of life, general well-being, 
fatigue, sleep disturbances, emotional state and physical functioning[16,81].

When INF-based regimens are used, quality of life worsens during treatment due to 
poor tolerability of these regimens and then improves in those that reach SVR at the 
end of treatment. Similarly, ribavirin-based regimens are associated with greater im-
pairment of quality of life during treatment than ribavirin-free regimens[81].

However, therapy with new antivirals improves not only psychiatric symptoms, but 
also cognitive changes.

The study by Kleefeld et al[68] demonstrated that after DAA therapy, fatigue and 
mental health, as well as executive functions, processing speed, learning, verbal 
fluency and motor skills improved in both monoinfected and those with HIV infection. 
However, no differences were found in working memory and verbal memory before 
and after therapy. The hypothesis that has been advanced to explain this phenomenon 
is that the compartmentalization of virus in the central nervous system may represent 
a potential source of reactivation of virus, thus explaining the persistence of some 
cognitive symptoms at the end of therapy with DAAs[45,66]. Therefore, it is unclear to 
what extent the new antiviral regimens can guarantee a return to normal[81].

To confirm this fact, neurocognitive tests and spectroscopy images were compared 
in several studies before and after antiviral therapy; patients who reached SVR had a 
significant reduction in the choline/creatine and myo-inositol/creatine ratio as well as 
an increase in cognitive functions compared to untreated patients or patients who did 
not achieve SVR[82].

Mixed cryoglobulinemia is strongly associated with HCV infection and its clinical 
expression varies from completely asymptomatic to severe vasculitis that manifests 
with dermatological, renal, neurological and musculoskeletal complications. Many 
authors report that up to 30% of HCV-infected patients have mixed cryoglobulinemia, 
but of these less than 10% develop symptoms. Symptomatic patients usually have 
higher immunoglobulin values.
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Mortality and morbidity associated with mixed cryoglobulinemia are significant 
and treatments are focused on either eradicating the viral trigger with antiviral 
therapy or inhibiting B cell proliferation with immunosuppressive therapy, usually 
with steroids and rituximab in severe forms.

INF and ribavirin therapy has been associated with clinical and immunological 
improvement in patients with mixed cryoglobulinemia, in terms of cryoglobulin, IgM, 
rheumatoid factor and complement levels. Therefore, in patients who reach SVR, INF-
based therapies exert a beneficial effect in those with HCV-CV (62%-78%). However, 
patients with HCV-CV have a lower rate of achievement of SVR than patients who do 
not (48.6% vs 61.4%). In fact, these patients tend to have comorbidities that can affect 
the achievement of SVR.

Almost all studies have also shown a complete or partial clinical response in 
patients with mixed cryoglobulinemia who reach SVR after DAAs therapy (61%-
100%). The highest clinical response was seen in the study by Saadoun et al[83] in 
which all patients achieved a clinical response (90% complete and 10% partial) after 12 
wk or 24 wk of sofosbuvir/daclatasvir therapy. A similar result was obtained by 
Gragnani et al[84] with complete or partial clinical response achieved in 93% of 
patients.

However, therapeutic effect may differ depending on the type of organ involved. 
The study by Gragnani et al[84] showed that the effect on dermatological symptoms is 
greater than that on nephrological and neurological symptoms. Furthermore, palpable 
purpura, renal pathology and skin ulcers resolve more rapidly than sicca syndrome, 
fatigue and peripheral neuropathy. In fact, neurological symptoms and sicca syndro-
me can be irreversible if there is permanent organ damage.

Among patients who have been cured of the infection and who continue to present 
symptoms of cryoglobulinemic vasculitis, an alternative explanation should be 
considered such as B-cell non-Hodgkin lymphoma. In fact, B lymphocyte proliferation 
can reach an autonomous and virus-independent replication phase demonstrated by 
the persistence of B lymphocyte clones t (14; 18) and small quantities of HCV-RNA in 
the lymphatic system after eradication therapy[85].

CONCLUSION
HCV can strongly impair the neuropsychological panorama of cirrhotic patients. In 
this review, we summarized the most innovative aspects of central nervous system 
impairment in HCV positive patients. Particular attention was paid to patients with 
advanced liver disease and minimal HE. DAAs therapy completely revolutionized the 
standard of care for HCV infected patients. In fact, these drugs, characterized by great 
efficacy and tolerability, have made it possible to reach levels of SVR unthinkable in 
the twentieth century. Further studies are needed to evaluate in depth the effects of 
HCV eradication, even in the long-term, on the neuropsychological alterations of these 
patients, and to determine if there is a residual deficit, which cannot be resolved with 
viral eradication.
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